
Vol. 3, No. 4,Fall 2003 • The Journal of Applied Research434

(group B, 83 patients) before PCI. The pri-
mary end point was the incidence of tro-
ponin (T) level greater than 1.5 ng/mL 24
hours after PCI; the secondary end point
was the incidence of death, myocardial
infarction, ischemia-driven target vessel
revascularization, symptomatic stent
thrombosis, stroke, and major bleeding in
the 3 months after PCI.

Results: Both groups were comparable
with regard to baseline clinical, angio-
graphic, and procedural characteristics.
There was no statistically significant differ-
ence in the primary end point (10.1% ver-
sus 9.6% versus). Over a follow-up period
of 11 ± 5 weeks, in group A the incidence
of myocardial infarction was 3.2%, repeat
PCI 10.9%, and cardiac surgery 4.5%. The
corresponding event rates in group B were
myocardial infarction 0%, repeat PCI
12.8%, and cardiac surgery 2.6%. There
were no reports of symptomatic stent
thrombosis, stroke, major bleeding, or
death during follow-up. There was no sta-
tistically significant difference in the sec-
ondary end point (18.6% versus 15.4%).
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ABSTRACT

Purpose: Platelet inhibition reduces
periprocedural cardiac events in patients
referred to percutaneous coronary interven-
tion (PCI). In patients with stable angina
pectoris, there is no reliable evidence that
pretreatment with ticlopidine (Ticlid) plus
aspirin decreases adverse cardiac events
compared with pretreatment with aspirin
alone. This study sought to determine
whether treatment with combination of
aspirin plus ticlopidine prior to PCI is asso-
ciated with lower incidence of adverse car-
diovascular events in short-term follow-up
than pretreatment with aspirin alone.

Methods: In a prospective, non-random-
ized comparison, a total of 241 consecutive
patients (163 males; 63 ± 11 years) referred
to PCI for stable angina pectoris received
100 mg/d of aspirin alone (group A, 158
patients) or 100 mg/d of aspirin plus 750
mg/d of ticlopidine for at least 3 days
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Conclusions: In the patients referred for
elective PCI for stable angina pectoris, pre-
treatment with aspirin plus ticlopidine com-
pared with pretreatment with aspirin alone
decreases neither the incidence of procedur-
al myocardial infarction nor the incidence
of adverse cardiovascular events during
short-term follow-up.

INTRODUCTION
Optimal pretreatment in elective percuta-
neous intervention (PCI) is mainly based on
the administration of aspirin before PCI.
After intervention and stent placement, the
combination of aspirin with ticlopidine
(Ticlid) or clopidogrel (Plavix) is used to
reduce the incidence of subacute stent
thrombosis.1-4 Therefore, some patients
referred to coronary angiography for stable
angina pectoris are pretreated with combi-
nation antithrombotic therapy (aspirin +
ticlopidine or aspirin + clopidogrel) to
achieve maximum platelet inhibition during
PCI performed at the same time as coro-
nary angiography.1, 2, 5-9 However, some pre-
medicated patients are found to have
s u rgical disease on angiogr a p hy, and irr e-
ve r s i ble platelet inhibition becomes a concern
for subsequent surgical reva s c u l a r i z a t i o n .10

Moreover, there is no reliable evidence that
pretreatment with combination therapy in
patients with stable angina pectoris decreas-
es adverse cardiac events compared with
pretreatment with aspirin alone.

In this study, we sought to compare the
clinical effect of pretreatment with ticlopi-
dine plus aspirin and aspirin alone. 

METHODS

Patients
Patients with stable angina pectoris or a
pathological exercise test (bicycle ergome-
try, dobutamine stress echocardiography or
single-photon emission computed tomogra-
phy) referred for PCI were enrolled in this
study. They had no major diseases other
than angina pectoris. Patients suffering
from acute coronary syndromes in the last 3

weeks were excluded.
All data analyzed in this study we r e

obtained prospective ly. Demographic, proce-
dural, and outcome data regarding study
population were entered into an electronic
study database. From this database, 241
c o n s e c u t ive patients (163 males; 63 ± 11
years) selected for elective PCI for stenotic
c o r o n a ry lesion were enrolled in this study.
These patients were divided into 2 gr o u p s
based on antithrombotic pretreatment pre-
scribed by the referring cardiologist. 
Written informed consent was obtained
from each patient.

Antithrombotic Therapy
The antithrombotic protocol called for
administration of 100 mg/d of aspirin for
several days before PCI, continued indefi-
nitely. In group A, ticlopidine treatment was
started at least 3 days before the procedure
(ticlopidine 750mg/d) and after coronary
stent implantation was maintained for 1
month (ticlopidine 500 mg/d). In group B,
ticlopidine treatment was started 1 hour
after coronary stent implantation (ticlopi-
dine 1000 mg/d on the day of the proce-
dure) and maintained for 1 month at a
decreased dosage (ticlopidine 500 mg/d).
Routine blood count analyses were per-
formed 2 weeks after PCI.

Blood Analysis
Blood samples for laboratory measure-
ments, blood count and troponin I (TnI),
were taken the morning of the intervention.
Blood samples for TnI measurements were
taken 24 hours after PCI. TnI was assayed
in the plasma using immunometric assay
(IMMULITE Turbo Troponin I, Diagnostic
Products Corporation, Los Angeles, CA). 

Coronary Angiographic Findings and
PCI 
Only patients with de-novo stenotic lesions
were treated in this study. Stenoses were
visually assessed independently by 2 exam-
iners. Quantitative analysis was used only
in borderline cases or when the assessment
of both examiners was controversial.
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Stenosis that reduced the lumen diameter
by 50% or more was considered significant.
The coronary artery tree was divided into 3
compartments (left anterior descending
artery, left circumflex artery, and right
coronary artery) to diagnose from one to
three coronary artery diseases.

PCI procedures were performed by
standard technique using monorail balloon
catheter systems and premounted stents.
Femoral approach with 5-7 F guiding
catheters were used for all patients. Number
of treated lesions, inflations, and inflation
pressures were determined by the operators.
Stent delive ry was routinely followed by
high-pressure balloon inflations (>16 atm).
In selected cases, direct coronary stenting
was used.1 1 A t h e r e c t o my devices were not
used in this study. A n g i ographic success wa s
d e fined as residual diameter stenosis < 20%
by visual estimation and the ultimate
a c h i evement of thrombolysis in myo c a r d i a l
i n farction (TIMI) flow grade 3. 

Heparin (100 IU/kg) was administered
i n t r ave n o u s ly at the beginning of the proce-
dure, to keep the clotting time > 250 sec-
o n d s . The activated clotting time wa s
measured 10 minutes after heparin injection.
All patients were treated with intracoronary
injections of 1 mg of isosorbide dinitrate
during PCI. Neither glycoprotein IIb/IIIa
inhibitors nor drug eluting stents were used
in this study.

Complete clinical examination with
ECG was performed on the postprocedural
d ay. T h e r a py with statins was started in all
patients after PCI.1 2

Follow-up
All patients were contacted via telephone or
mail using a standardized questionnaire 3
months after the procedure. All adverse
events were confirmed by reviewing the
medical records.

End Points
The primary end point of this study was the
incidence of myocardial infarction (MI)
based on postinterventional release of TnI.
The secondary end point was the 3-month

composite incidence of death (all-cause),
MI, target vessel revascularization, stroke,
major bleeding, and coronary stent throm-
bosis.

The cutoff level for diagnosis of acute
MI suggested by both the manufacturer and
the biochemical laboratory of our institution
was TnI  > 1.5 ng/mL. This level was consi-
dered for the primary analysis. A secondary
a n a lysis was performed using 1 ng/mL as
the cutoff level for positive TnI. Stroke wa s
d e fined as any new neurological deficit las-
ting > 24 hours. MI was defined as symp-
toms of ischemia with new electroc a r d i ogr a p h i c
changes and a rise in creatine kinase-MB
(CK-MB) and/or troponin. Major bl e e d i n g
was defined as bleeding with a hemog l o b i n
loss > 5g/dL or necessity of red blood cell
transfusion. Stent thrombosis was defined as
a new onset of ischemic symptoms in the
postprocedural period with a stent occlusion
in repeated coronary angiogr a p hy.

Statistical Analysis
Microsoft Excel was used for the study
database. Data are presented as mean ± SD.
Unpaired Student’s t test, and chi-square
test were used as appropriate. A value of P
≤ 0.05 was considered statistically signifi-
cant. 

RESULTS
Two hundred and forty-one consecutive
patients with stable angina pectoris under-
went PCI. Both groups were similar in
baseline characteristics like sex, cardiovas-
cular risk factors, and history of MI; there
were statistically significant differences (P
< 0.05) in total plasma cholesterol level and
lipid-lowering medication at admission.
There were no significant differences in
angiographic and procedural data between
both groups of patients. Clinical and proce-
dural characteristics are shown in Tables 1
and 2.

Primary End Point
The incidence of MI based on postinterven-
tional release of TnI > 1.5 ng/mL was
10.1% in group A versus 9.6% in group B.
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The difference did not achieve statistical
significance. Similarly, in the secondary
analysis based on postinterventional release
of TnI > 1 ng/mL, the difference did not
achieve statistical significance (15.5 versus
13.3%).

Secondary End Point
Out of 241 patients treated by direct coro-
nary stenting, short-term follow up (11.5 ±
5 weeks in both groups) was available in
234 patients (97%). Among 156 patients
(99%) followed-up in group A, 29 patients
(18.6%) experienced secondary end point
(3-month composite incidence of death, MI,
target vessel revascularization, stroke,
major bleeding, and coronary stent throm-
bosis).  

Among 78 patients (94%) followe d - u p
in group B, the secondary end point
o c c u rred in 12 patients (15.4%). There wa s
no statistical difference in the secondary end
point occurrence in both groups. Clinical
a n a lysis of the short - t e rm follow up is sum-
marized in Ta ble 3. During the follow up,
we did not observe any cases of severe ticlo-
pidine-induced neutropenia or thrombocy-
t o p e n i a .

DISCUSSION

Antithrombotic Effect
Platelet aggregation during PCI is strongly
inhibited by thienopyridine derivatives. This
effect is markedly time dependent. The
phased development of antithrombotic
effects in patients pretreated with thienopy-
ridine derivatives has been confirmed in
several studies.9, 13 However, it remains to
be established whether the theoretical supe-
riority of prolonged antithrombotic therapy
also translates into an overall clinical bene-
fit in patients with elective PCI for stable
angina pectoris. Several studies sought to
determine the clinical impact of pretreat-
ment with combination antithrombotic ther-
apy in patients undergoing elective PCI for
angina pectoris. Steinhubl et al8 showed that
longer duration of ticlopidine pretreatment
was strongly associated with a lower inci-
dence of procedure related non-Q-wave MI.
However, the population of this study was
heterogeneous and included patients with
both stable and unstable angina. Recently,
Atmaca et al5 found that antiplatelet treat-
ment with ticlopidine prior to the coronary
stenting is associated with decreased inci-

Table 1.Baseline Clinical Characteristics

Group A Group B P value
(n = 83) (n = 158)

Age (yrs) 62.5 ± 11 62.8 ± 10.3 NS
Gender (% male) 65 72 NS
Angina pectoris class (CCS) 1.9 ± 1.3 1.8 ± 1.2 NS
History of myocardial infarction (%) 57 61 NS
Smokers (%) 35 34 NS
Hypertension (%) 65 65 NS
Hypercholesterolemia > 5 mmol/L (%) 49 42 NS
Total plasma cholesterol (mmol/L) 5.1 ± 1.2 4.7 ± 1.2 p < 0.05
LDL-cholesterol (mmol/L) 3.3 ± 0.9 3.2 ± 1.3 NS
HDL-cholesterol (mmol/L) 1.2 ± 0.4 1.2 ± 0.5 NS
Hypertriglyceridemia > 2 mmol/L (%) 39 35 NS
Plasma triglyceride (mmol/L) 2.1 ± 1.7 1.9 ± 2.3 NS
Diabetes mellitus (%) 32 36 NS
Lipid lowering medication on admission (%) 50 64 P < 0.05
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dence of procedure-related minor myocar-
dial injury. Unfortunately, that study was
small, retrospective, and nonrandomized,
and patients were followed up only during
the short hospital stay.

In our study, we prospective ly selected
patients with stable angina pectoris, wh o
represent the majority of patients underg o-
ing PCI in our institution. Our data illustrate
that early risk of procedure-related minor
myocardial injury is low in this group of
patients and it is like ly to be dependent on
the operator’s skills and technique. Despite
p r evious studies, our data demonstrate that
in a lowe r-risk study population, the rate of
periprocedural adverse events is low and not
dependent on combined antithrombotic pre-
treatment. On the other hand, we must
emphasize that the end point differences in
both groups are apparent, and statistical
i n s i g n i ficance is determined by a small
number of patients. Thus, results of this
study suggest the mild trend in favor of
combined pretreatment strateg y. 

TnI Examination
The low incidence of positive TnI patients
might be the result of a high cut-off point in

measuring troponin levels. Therefore, we
performed the secondary postprocedural
troponin analysis with the cut-off point 1
ng/mL. Interestingly, the low incidence of
TnI-positive patients was in secondary
analysis as well. Probably, the short infla-
tion times during PCI could play a positive
role in troponin release.14 Additionally, TnI
was measured just 24 hours after PCI and
the later TnI release could be missed. The
importance of the later troponin measure-
ments were confirmed in the recent TOP-
STAR trial, which demonstrated the
advantages of troponin measurement up to
48 hours after PCI.6 A possible pathophysi-
ologic mechanism could be a continuous,
ongoing, stent-derived microembolization
leading to repetitive release of microemboli
with obstruction of microvessels.

Clinical Implications
The addition of ticlopidine for more than
72 hours to aspirin markedly reduces the
activation of coagulation and platelets.1

Historically, since ticlopidine has delayed
onset of activity, antiplatelet therapy was
initiated before coronary angiography
whenever there was a possibility of conse-

Table 2. Angiographic and Interventional Data

Group A Group B P value
(n = 158) (n = 83)

Stenosis located in LAD, LCx, RCA, CABG (%) 34/35/31/1 42/32/35/1 NS
One/two/three vessel disease (%) 46/30/23 41/30/28 NS
A/B1/B2/C lesions (%) 22/20/19/40 18/20/29/33 N
Stenosis of treated lesions (%) 76 ± 9 76 ± 10 NS
Intracoronary thrombosis (%) 10 8 NS
Treated lesions 1.3 ± 0.5 1.2 ± 0.5 NS
Stents per one procedure 1.1 ± 0.5 1 ± 0.4 NS
Patients treated with stent (%) 77 78 N
Angiographic success (%) 97 96 NS
Acute main or side branch occlusion (%) 4 3 NS
Inflation time (s) 37± 30 35 ± 25 NS
Reintervention up to 24 hours (%) 1 1 NS
Troponin I > 1.5 ng/mL (%) 10.1 9.6 NS
Troponin I > 1 ng/mL (%) 15.8 13.3 NS
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study. The decision regarding the antithrom-
botic pretreatment was made by the refer-
ring cardiologist. Hence, only approximately
one third of the patient population (83
patients) enrolled in this study was treated
by ticlopidine at least 72 hours prior to PCI.
To achieve more robust statistical data from
this study we would need more patients,
mainly in the group with combined
antithrombotic pretreatment.

Subclinical stent thrombosis may have
o c c u rred in some patients and been totally
undetected. It is also possible that stent
thrombosis may have occurred in patients
that died during the follow-up. On the other
h a n d, the routine use of high-pressure stent
d e p l oyment and combined antithrombotic
t h e r a py after the procedure led to a marke d
decrease of clinically relevant stent throm-
bosis rate in our institution.

These data were collected by relying on
patient interv i ews and a standardized ques-
tionnaire. This methodology is common to
most prospective clinical studies and it is
b e l i eved that this study design is able to
reflect the incidence of adverse coronary
events during follow up.

This study included only patients wh o
had received a 4-week ticlopidine reg i m e n
after coronary stent implantation. T h e r e f o r e ,
our conclusions must be limited to these
patients and should not be extrapolated to
patients receiving clopidogrel. It is of note
that the use of ticlopidine has been replaced
by clopidogrel in many countries.

Fi n a l ly, 7 patients (3%) were lost to fol-

quent ad hoc stent implantation. This prac-
tice has continued in most centers even
though a clopidogrel has in some countries
replaced ticlopidine.10 In this study, howev-
er, the use of combination antithrombotic
therapy prior to PCI for stable angina pec-
toris was not associated with a significantly
lower occurrence of cardiovascular adverse
events. These findings raise concern regard-
ing the routine administration of combined
antithrombotic therapy before anticipated
but undecided PCI. The concept of
antithrombotic pretreatment even prior to
routine coronary angiography for stable
angina pectoris is based solely on the
assumption of strong antiplatelet effect
resulting in decrease of minor myocardial
injury associated with PCI. However, the
superiority of this approach has not yet
been objectively documented. Further stud-
ies will be needed to better define the role
of antithrombotic treatment before elective
PCI for stable angina pectoris. Currently, in
the low-risk patient population, we do not
have to start routinely with combined
antithrombotic therapy several days prior to
elective coronary angiography for stable
angina pectoris. It is probably safe to begin
with administration of ticlopidine or clopi-
dogrel immediately after coronary artery
stenting. 

Limitations
Since patients were not randomized to ticlo-
pidine exposure, unrecognized confounding
factors may exist. We enrolled consecutive
patients with stable angina pectoris in this

Table 3. Adverse Coronary Events During Follow-up (secondary end point)

Group A Group B
(n = 156) (n = 78) P value

Death 0 0 NS
PCI (%) 10.9 12.8 NS
CABG (%) 4.5 2.6 NS
Myocardial infarction (%) 3.2 0 NS
Total (%) 18.6 15.4 NS
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l ow-up; howeve r, it is highly probable that
even if some of these patients had suff e r e d
from some of adverse events, the findings of
this study would not change signifi c a n t ly.

CONCLUSION

The results of this nonrandomized study
suggest that in patients referred to elective
PCI for stable angina pectoris, pretreatment
with aspirin plus ticlopidine compared to
pretreatment with aspirin alone decreases
neither the incidence of procedural MI nor
the incidence of adverse cardiovascular
events during the short-term follow-up.
Larger and randomized studies are warran-
ted to determine the optimal antithrombotic
pretreatment in this population representing
the majority of patients undergoing PCI.

REFERENCES
1. Gregorini L, Marco J, Fajadet J, et al. Ticlopidine

and aspirin pretreatment reduces coagulation and
platelet activation during coronary dilatation pro-
cedures. J Am Coll Cardiol. 1997;29:13-20.

2. Mehta SR, Yusuf S, Peters RJ, et al. Effects of
pretreatment with clopidogrel and aspirin follow
by long-term therapy in patients undergoing per-
cutaneous coronary intervention: the PCI-CURE
study. Lancet. 2001;358:527-533.

3. Schuhlen H, Kastrati A, Pache J, Dirschinger J,
Schomig A. Incidence of thrombotic occlusion
and major adverse cardiac events between two
and four weeks after coronary stent placement:
analysis of 5,678 patients with a four-week ticlo-
pidine regimen. J Am Coll Cardiol.
2001;37:2066-2073.

4. Orford JL, Lennon R, Melby S, et al. Frequency
and correlates of coronary stent thrombosis in
the modern era. J Am Coll Cardiol.
2002;40:1567-1572.

5. Atmaca Y, Gulec S, Ertas F, Pamir G, Oral D.
The prevention of minor myocardial injury with
ticlopidine pretreatment in patients undergoing
elective stenting. Int J Cardiol. 2003;87:151-157.

6. Bonz AW, Lengenfelder B, Strotmann J, et al.
Effect of additional temporary glycoprotein
IIb/IIIa receptor inhibition on troponin release in
elective percutaneous coronary interventions
after pretreatment with aspirin and clopidogrel
(TOPSTAR trial). J Am Coll Cardiol.
2002;40:662-668.

7. Smith CS, Dove JT, Jacobs AK, et al. ACC/AHA
guidelines for percutaneous coronary interventi-
on (revision of the 1993 PTCA guidelines) – exe-
cutive summary. J Am Coll Cardiol.
2001;37:2216-2238.

8. Steinhubl S, Lauer MS, Mukherjee DP, et al. The
duration of pretreatment with ticlopidine prior to
stenting is associated with the risk of procedure-
related non-Q-wave myocardial infarctions. J Am
Coll Cardiol. 1998;32:1366-1370.

9. Claeys MJ, Van der Planken MG, Michiels JJ, et
al. Comparison of antiplatelet effect of loading
dose of clopidogrel versus abciximab during
coronary intervention. Blood Coagul
Fibrinolysis. 2002;13:283-288.

10. Hongo RH, Ley J, Dick SE, Yee RR. The effect
of clopidogrel in combination with aspirin when
given before coronary artery bypass grafting. J
Am Coll Cardiol. 2002;40:231-237.

11. Veselka J, Mates M, Tesarˇ D, Aschermann M,
Urbanová T, Honeˇk T. Direct stenting without
predilatation: a new approach to coronary inter-
vention. Coron Artery Dis. 2000;11:503-507.

12. Schomig A, Mehili J, Holle H, et al. Statin treat-
ment following coronary artery stenting and one-
year survival. J Am Coll Cardiol.
2002;40:854-861. 

13. Berglund U, Lindahl T. Enhanced onset of
platelet inhibition with loading dose of ticlopi-
dine in ASA-treated stable coronary patients. Int
J Cardiol. 1998;64:215-217.

14. Bertinchant JP, Polge A, Ledermann B, et al.
Relation of minor troponin I elevation to late car-
diac events after uncomplicated elective success-
ful percutaneous transluminal coronary
angioplasty for angina pectoris. Am J Cardiol.
1999;84:51-57.

veselkaJARFall03  12/29/03  2:34 PM  Page 440


