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Background Activation of platelets is the major cause of thrombotic occlusion after coronary stenting with
restenosis rate occuring 30-50% within the first six months. Oral anti-thrombotic strategies for the prevention of
sub-acute stent thrombosis in the initial 30 days following cardiac stent insertion demonstrated similar benefit with
aspirin in combination with cilostazole and clopidogrel. The objective of the study is to determine the effect of
Ticlopidine plus Aspirin (fA), Clopidogrel plus Aspirin (CA), and Cilostazol plus Aspirin (CIA), in reducing the
occurrence of major clinical adverse events, six months after coronary stent implantation.
Methods Randomized controlled trials involving patients who underwent successful coronary stenting and were
maintained on the mentioned anti-thrombotics. We obtained relevant trials from PubMed, Medline, Cochrane,
internet electronic databases. We searched abstracts, lists of review articles and retrieved studies by manual and
internet search strategies. We included studies regardless of date and publication.
Results We gathered 46 trials, narrowed down to 10 studies. Three studies compared TA and CA, and 7 studies
compared TA and CIA. TA showed a greater benefit over CA in reducing death and incidence of AMI, RR 1.43,
95% CI (085,2.42), RR 1.57, 95% CI (0.96,2.55), respectively. However, CIA showed a significant benefit over TA
in reducing AMI, death, bleeding complications, and the improvement of diameter stenosis, RR 6.29, 95% CI
(5.82,6.77). Homogeneity was observed after removal of 2 studies and showed significant benefit with CIA, RR
5.35, 95% CI (4.67, 6.03).
Reviewer's Conclusion There was a trend towards benefit in using CIA in the reduction of adverse clinical events
and significant improvement in diameter stenosis over TIA. On the other hand, TA showed a trend towards
benefit over CA in preventing death and AMI. No trials directly compared cilostazol with clopidogrel with long
term outcome measurements, which is a limitation of this study.
Recommendations It is worth pursuing to conduct randomized controlled trials comparing clopidogrel with
ticlopidine or cilostazol, which will monitor long term adverse clinical events to be able to demonstrate which anti-
thrombotic will show statistically signifIcant benefit,
Keywords randomized controlled trials, aspirin, ticlopidine, clopidogrel, cilostazol, coronary restenosis, major
adverse clinical events, acute myocardial infarction, mortality, death.

Mortality and morbidity from coronary artery
disease has been significandy reduced in the recent
years because of the use of metallic stents after
percutaneous coronary intervention.' Stents are
metallic scaffolds that are inserted into a diseased
vessel segment in their collapsed form and are then
deployed by balloon inflation or self-expansion

* Adjudged PHA Best Meta-Analysis Presentation during the Philippine
Heart Association Annual Convention in Mandaluyong City,
Philippines in May 2007

(after removal of an external membrane). These
metallic stents however, are prone to thombotic
occlusion, often requiring an aggressive
anticoagulation regimen to reduce such thromboses'

Thrombotic occlusion after coronary stenting
is considered to be mainly caused by activation of
platelets. As such, several anti-thrombotics have
been used as mainstay of medical therapy after
coronary stenting. Ticlopidine, although associated
with hematologic complications such as neutropenia
and thrombocytopenic purpura, have been used in
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combination with aspirin as standard antiplatelet
regimen for these patients. Ticlopidine inhibits
platelet adhesion and aggregation by inhibiting
adenosine diphosphate (ADP)-mediated activation
of glycoprotein lIb/IlIA receptor.' Clopidogrel,
another anti-thrombotic thienopyridine, also have
similar mechanisim of action but was shown to have
lesser side effects." The use of clopidogrel with
aspirin has been recommended as a level of
evidence B (data derived from a single randomized
trial or non-randomized studies) by the American
College of Cardiology (ACC) / American Heart
Association (AHA) / Society for Cardiovascular
Angiography and Interventions (SCAl) Guidelines
2005 for Percutaneous Coronary Intervention
(PCI).5 There are also trials that used cilostazol, a
potent inhibitor of phosphodiesterase, which, aside
from its anti-thrombotic properties, showed anti-
proliferative effect on vascular smooth muscle wall."

Several trials have compared the use of these
anti-thrombotics. A meta-analysis by Schleinitz,
MD, et al, evaluating alternate oral strategies for
the prevention of sub-acute stent thrombosis in the
initial 30 days following cardiac stent insertion,
demonstrated that cilostazol plus aspirin cannot be
distinguished from the gold standard of clopidogrel
plus asp irin.? However, the comparison is
substantially limited by the small size of the
cilostazol trials and should be verified with a
randomized controlled trial. Cilostazol may be
preferred based on its lower cost. We conducted a
meta-analysis to compare the major outcomes of
patients after treatment with anti-thrombotics after
6 months of coronary stenting knowing that 30-
50% of restenosis occurs within this period' ,

Although there is already a set of guidelines
made by the ACC/ AHA/SCAI for PCI in 2005,
there are still evidence based on several trials that
may give benefit to patients with coronary artery
disease who underwent coronary stenting in
reducing cardiovascular morbidity and mortality
with the use of other anti-thrombotics. Our study
arm to answer the clinical question of which among
the following anti-thrombotic agents: ticlopidine,
cilostazol or clopidogrel in combination with aspirin,
would be the most effective in reducing the
incidence of death from all causes, acute myocardial

infarction (AMI), bleeding complications and
improvement of percentage of diameter stenosis
after 6 month of coronary stenting. Previous meta-
analysis done are events at 30 days only. We would
also want to look if events at 30 days are similar to
the outcomes at 6 months.
General Objective The main objective of this
meta-analysis is to determine which among the
following anti-thrombotics, ticlopidine, clopidogrel
and cilostazol, in combination with aspirin would
significantly reduce major adverse clinical events
after 6 months of coronary stent implantation.
Specific Objectives To determine the effect of the
following combination of drugs: TA, CA, and CIA
in: 1) Reducing the occurrence of death from all
causes; 2) Acute myocardial infarction after 6
months of coronary implantation; 3) Red u c i n g
the incidence of bleeding complications (cerebral
hemorrhage, gastro-intestinal bleeding, hematoma,
purpura or gingival bleeding); 4) Improving the
percentage of diameter stenosis after 6 months of
coronary implantation

METHODS
Criteria for considering studies for this review
Single or multi-center double blind randomized
controlled trials were evaluated. Further appraisal
was done once the study fulfilled the following
inclusion criteria: patients who underwent
successful coronary stenting, utilized ticlopidine plus
aspirin or clopidogrel plus aspirin or cilostazol plus
aspirin, and presented 6 month outcome of major
adverse clinical events, including death from all
causes, AMI, bleeding complications and
percentage of diameter stenosis.
Search strategy for identification of studies We
obtained relevant trials up to 2006 from PubMed,
Medline, Cochrane, internet electronic databases of
ongoing trials. We used the broad search terms
coronary restenosis and cardiac adverse events. We
used the keywords: randomized controlled trials,
aspirin, ticlopidine, clopidogrel, cilostazol, coronary
restenosis, major cardiac adverse events, acute
myocardial infarction, death, mortality. In addition,
we searched abstracts, searched reference lists of
review articles and retrieved studies using manual
and internet search strategies. We included studies
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Figure 1. Forest plot for incidence of death from all causes for studies that compared Ticlopidine + Aspirin
(ASA) and Clopidogrel + ASA.

ilf!\>iew; TIdopdno, CiIooIan:; Of Clopidogrei in ReOOcIrg Ioto\jor._ .••.••• CIi1icaI E_, 6 _ AfI<f Coronery S\erl irnpIarIS:ion A,1otoI•• AnoI.,..is
C"""",""", 04 /iSA , TIcIopi:Iine _ •••• /iSA + CiopI(jogei
<l<icane: 01Deolh trom •• c.......a

0/120
./Z40

Z9/35S

1/168
4Z/1138
9/34$

t••••(95%OJ ?lS 16S1
T"""_ 33 ("'SA. + Clopidogret), 52(ASA' TicJopidne)
TO&Ilor hoI~'CI>' • 9.61, dt. 2 (p. 0.001), P' 79.6"
Te•• 'Of ••••••••• effect Z .1.33 (p. 0.18)

RR(IIxed) Weigtt RR(tlXed)
95'l100 'lIo 95%0

5.00 0.<47 10.OZ. 11.331
58.50 0.'45 10.16.1. Z51-- 36.50 3.13 [l.SO, 6.5.21

•••• 100.00 1. 43 to~es•. t .•tl

0.1 0.2 0.5 1 5 10

IoSA + TicJopidne ASA + Clopidogrel

regardless of date and publication, A hand search
and communication with pharmaceutical
companies and authors were likewise done to check
for unpublished data and ongoing trials, as well as
for clarification.
Description of Studies Randomized controlled
trials involving patients who underwent successful
coronary stenting and were maintained on
ticlopidine plus aspirin, clopidogrel plus aspirin or
cilostazol plus aspirin were included and appraised.

The primary outcome of interest was the
incidence of major adverse clinical events defined
as: 1) death from all causes; 2) acute myocardial
infarction. While secondary outcome are: 1)
bleeding complications that can either be cerebral
hemorrhage, gastrointestinal bleeding, hematoma,
purpura, hematuria or gingival bleeding; and 2)

/

percentage of diameter stenosis after 6 months of
coronary implantation.
Methodological Quality of Included Studies
Two reviewers independently screened, identified
titles and abstracts without blinding to authorship
or journal. Potentially relevant studies were obtained
and the full text reviewed, Studies included had
complete blinding of investigators, participants and
outcome assessors thereby reducing the possibility
of selection bias and detection bias. Discrepancies
between reviewers were resolved by discussion and
by a third party. A standardized quality assessment \
form and data extraction form were used to facilitate
analysis.

We classified the studies by the name of the
primary author of that--:~rial or. study acronym.
Information was gathered for each study including
the period of study, study size, and whether an
intention to treat analysis was used. Further

treatment of data was performed using the meta-
analytic software Cochrane Review Manager Version
4.2.8.

Results were expressed as relative risks with
95% confidence intervals. We used a Chf test to
analyze heterogeneity. We considered a p value of
0.05 or less as significant.

RESULTS
A total of 218 randomized controlled trials were

initially reviewed, 46 of these were further apprised
and 10 trials met the inclusion criteria. The other
studies were excluded because they did not measure
our set outcomes or they were.measured at 30 days
post coronary stent implantation only, but not at 6
months. All studies were published from 2000 up
to 2005.

The 10 trials include 4431 analyzable
participants with the study carried out from 1997-
2005.9-16 The quality of all the 10 studies included
in the meta-analysis was grade B.A total of 3 studies
compared TA and CA, and 7 studies compared TA
and CIA. All of the studies measured the incidence
of death from all causes and the incidence of acute
myocardial infarction. Only 4 studies measured
bleeding complications, five studies measured
percentage of diameter stenosis after 6 months of
coronary implantation, all comparing TA and CIA.

For the studies which compared TA with CA,
there was no significant difference found with
regards to the incidence of death from all causes
and AMI between the two groups RR 1.43 95% CI
(0.85, 2.42). However, there was heterogeneity of
results with regards to the event rate of death from
all causes, as seen in figure 1. The heterogeneity
was determined to be due to the study of Mueller
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Figure 2. Forest plot for incidence of acute myocardial infarction for studies that compared Ticlopidine + ASA
and Clopidogrel + ASA.
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Figure 3. Forest plot for incidence of death from all causes, for studies that compared Ticlopidine + ASA and
Cilostazol + ASA.
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Figure 4. Forest plot for incidence of acute myocardial infarction, for studies that compared Ticlopidine + ASA
and Cilostazol + ASA.
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which showed significant difference favoring
ticlopidine over clopidogrel in reducing death from
all causes (p 0.002), RR 3.13 95% CI (1.50, 6.52)
as compared to the studies of Calver and Plucinski,
which showed no significant difference, p 0.81 RR
0.4795% CI (0.02, 11.33) and p 0.14 RR 0.4595%
CI (0.16, 1.25), respectively. The overall results of
the studies did not favor one treatment arm.

Figure 2 shows a trend towards benefit with the
ticlopidine group compared to the clopidogrel group

m reducing rate of AMI, with RR 1.57, 95% CI
(0.96,2.55). Studies were noted to be homogenous.

For the studies comparing TA and CIA, no
significant difference was found with regards to the
incidence of death from all causes, RR 0.48 95%
CI (0.22, 1.03) and incidence of AMI RR 0.86 95%
CI (0.53, 1.39), between the two groups. However,
there was a trend towards benefit with cilostazol
although not significant (p=0.06), in decreasing
mortality rate, as seen in figures 3 and 4 respectively.
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Figure 5. Forest plot for incidence of bleeding complications, for studies that compared Ticlopidine + ASA and
Cilostazol + ASA.

TicIopIdne. CiostOZDl'" CloPdogrei il ~'Major "'""""" CIni:8I Evert_. 6 ~ A~ COtOOlJly 51••.• ~eiion: A Mi!t~
05 ASJ. + TiCIopidiM••••••••••ASA + CiosttUOl
03_

A$A+CiIottezof
n.t<

RR (100.u)
95%0

RR (1ixo(O
9S'jOQ

0152
15/208
016.
3/1·'"
Ol50
01101

10/3U

Tolal(9S'jOCi) HU
Tolai everU: 26 (ASA. C__ lOIl. 32 (ASA+ TiclopIoo..)
TesllOO'heler-'y. Qi' - 7.58;.1 -4 (po O.").~. 473'r.
Testfo<0""''' effect Z 0 O.SI(p - 0$04)

0/53
21/tOl
016S
0/13S
4/50
Zl196
5/321

--.-- 63.00
)lot .,elsabl.

0.69 10.3? 1.301
Jloe a.etaAbl.

6.71 10.35. lZS.73J
0.11 10.01. 2.01]
0.%0 10.01. 4.04]
Z.OO 10.69. 5.79]

~. .sl
13.27
'.47

14.?5

••••••• 100.00 0.86.10.53. 1.3']J.oz."

0.1 02 0.5 1 2 5 10

/>SA + TocIopIdIr.. ASJ. • CiosttUOl

Figure 6. Forest plot for percent of diameter stenosis, for studies that compared Ticlopidine + ASA and
Cilostazol + ASA.
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Figure 7.Forest plot for percent of diameter stenosis, for studies that compared Ticlopidine + ASA and
Cilostazol + ASA after removing two studies that caused heterogeneity.
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Test for heterogeneity among studies were noted to
be not significant.

As to the outcome on bleeding complications,
pooled data from studies involving TA versus CIA
showed that there was no statistically significant
difference between the two groups with RR 0.49
(95% CI 0.17, 1.44). the forest plot, however, show
a possible trend towards benefit on the cilostazol
group. ~,

A heterogenous set of data was found when
the percent of diameter stenosis was analyzed

·5 o
ASA + TicIopicioe ASA + C~azOi

(p<00001), although a significant difference was
noted favoring the cilostazol group OR 6.29 95%
CI (5.82, 6.77) as seen on figure 6. We noted that
the studies of Kozuma and Park caused the
heterogeneity. When analyzed on the Forrest plot
with the two studies removed, the overall effect
significantly favors cilostazol over tidopidine OR
5.35 95% CI (4.67, 6.03), figure 7. Based on the
overall weight of the summary estimate, the study
of Kozuma was given the smallest weight among
the group, 13.35% with OR 17.20 95% CI (15.91,
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18.49) while the study of Park was given the
highest, 38.75% with OR 3.70 95% CI (2.94,4.46),
both favoring cilostazol over ticlopidine.

DISCUSSION
Intracoronary stents reduce the need for

emergency coronary artery bypass grafting after
coronary intervention and reduce the incidence of
restenosis. However, their use may be associated
with unwanted effects, the most serious of which
is thombosis within the stent.' Ticlopidine although
associated with hematologic complications such as
neutropenia and thrombocytopenic purpura, have
been used in combination with aspirin as antiplatelet
regimen for these patients. Clopidogrel another anti-
thrombotic thienopyridine also have similar
mechanisim of action has been recommended by
the current ACC/ AHA/ SCAI Guidelines for PCI
for 2005 and replaced ticlopidine as the standard
therapy because it was shown to have lesser side
effects.

A meta-analysis done by Schleinitz in 2004,
compared clopidogrel, cilostazol or coumadin in
combination with aspirin, to ticlopidine plus aspirin
in assessingJfu: incidence of subacute thrombosis,
30 days after coronary stent implantation. Neither
clopidogrel plus aspirin nor cilostazol plus aspirin,
can be statistically distinguished from ticlopidine
plus aspirin in reducing the said outcome.'

In our study,we found that the combination of
aspirin and clopidogrel is not distinguishable with
aspirin and ticlopidine in reducing event rates of
AMI. Also a trend towards benefit with ticlopidine
is noted when death from all causes is analyzed.
This is determined to be caused mainlyby the study
of Mueller which significantly favored ticlopidine
over clopidogrel. On the other hand, the studies of
Kozuma and Park, although did not show significant
difference, showed a trend favoringclopidogrelover
ticlopidine. Our results have opposing outcomes
with the meta-analyses done by Bhatt in 2001 and
by Casella in 2003, where outcome measurement
of increased incidence death and .non-fatal
myocardial infarction showed significant benefit
with the combination of d6pidogrel and aspirin than
that of ticlopidine and aspirin.F'" Although both

of their studies have a total of 10 trials each, they
evaluated follow-up outcome measurements at 30
days as opposed to our study which measured 6
months outcome. Both of these studies concur with
the present ACC/ AHA/ SCAI Guidelines for
Percutaneous Coronary Intervention.

A limitation of this meta-analysis is that there
were only three available trials that measured 6
month outcomes of incidence of both death and
AMI between clopidogrel and ticlopidine. This
limitationmayhave affected the trend of our results,
and hence a large scale trial is warranted.

We have found that cilostazol plus aspirin is
statistically indistinguishable from ticlopidine plus
aspirin in preventing major cardiac events.However
there was a trend of benefit in reducing both death
and AMI among patients taking cilostazol. The
studies reviewed all showed trending towards
benefit with cilostazol in both outcomes, although
it showed a wide confidence interval for each of
the studies.

Only four studies analyzed bleeding
complications. Analysis showed a trend of benefit
for cilostazolover ticlopidineRR 0.49 95% CI (0.17,
1.44) although not significant. Only the study of
Sekiguchi favored ticlopidine over cilostazol in
reducing bleeding complications, however, it does
not show significant difference (p=O.33) RR 2.88
95% CI (0.30, 27.31).

The limiteduse of ticlopidine in the recent years
was due to its associated severe side effects
especially neutropenia and thrombocytopenic
purpura. Notably, however, in our searches, there
was no studies found that compared clopidogrelwith
ticlopidine or cilostazol that measured bleeding
complications as a long term outcome.

Heterogeneity of the set of data for the outcome
of percent diameter stenosis was resolved by
removing the studies of Kozuma and Park. The
overall effect points to a greater benefit with the
use of cilostazol over ticlopidine in improving
percentage of diameter stenosis. The benefit of
cilostazol may be attributed to its effect as a potent
vasodilator of vascular smooth muscle and inhibitor
of smooth muscle cell growth in vitro.
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REVIEWER'S CONCLUSION
Implications for Practice Our results show a trend
towards benefit in using cilostazol in the reduction
of adverse clinical events and significant
improvement in diameter stenosis over ticlopidine.
On the other hand, a trend towards benefit with
ticlopidine over clopidogrel was observed in
preventing death and AMI. No trials directly
compared cilostazol with clopidogrel with long term
outcome measurements, which is a limitation of
this study.
Implications for Research It is worth pursuing to
conduct randomized controlled trials comparing
clopidogrel with ticlopidine or cilostazol, which will
monitor long term adverse clinical events to be able
to demonstrate which anti-thrombotic will show
statistically significant benefit.

Large scale multicenter head on RCT involving
all treatment combinations would be ideal to answer
our clinical question, and a large scale trial involving

both death and AMI as an outcome (as mentioned
in the limitation) may also be an implication for
research.

REFERENCES
1. Douglas ]S, Holmes DR, Kareiakes D], et al.

Coronary stent restenosis in patients treated with
cilostazol. Circulation. 2005; 112:2826-2832.

2. Kasper DL, Braunwald E, Fauci AS, et al.Harrison's
Principles of Internal Medicine 16th Edition. 2005;
Volume 11:1461.

3. Ge ], Han Y,Jiang H, et al. RACTS: A prospective
randomized antiplatelet trial of cilostazol versus
ticlopidine in patients undergoing coronary stenting.
Journal Cardiovascular Pharmacology 2005;46:162-
166.

4. Muller C,Buttner H], Petersen], et al.A randomized
comparison of clopidogrel and aspirin versus
ticlopidine and aspirin after the placement of
coronary artery stents. Circulation 2000;101:590-3.

5. Scanlaon P], Faxon D, Audet AM,et al. ACC/ AHA
Guidelines for coronary angiography: Executive
summary and recommendations. Circulation
1999;99:2345-2357.5.

6. Kubota Y, Kichikawa K, Uchida H, et al.
Pharmacologic treatment of intimal hyperplasiaafter
metallic stent placement in the peripheral arteries.
Interest Radiology. 1995;30:532-537.

7. Schleinitz MD, Olkin I, and Heidenreich PA.
Cilostazol, clopidogrel or ticlopidine to prevent sub-
acute stent thrombosis: A meta-analysis of
randomized trials. Am Heart] 2004;148:990-7.

8. Dangas G, Kuepper F.Restenosis:Repeat narrowing
of a coronary artery - prevention and treatment.
Circulation 2002;105:2587-2587.

9. Calver AL, Blow L], Harmer S, et al. Clopidogrel
for prevention of major cardiacevents after coronary
stent implantation: 30-day and 6-month results in
patientswith smallerstents.Am Heart] 2000;140:483-
91.

10. Park Sw, Lee Cw, Kim HS,et al.Effects of cilostazol
on angiographic restenosis after coronary stent
placement. Am Heart] 2000;86:499-509.

H. Plucinski DA, Scheltema KA, et al. Comparison of
clopidogrel to ticlopidine therapy for the prevention
of major adverse cardiac events at 30 Days and 6
months followingcoronary stent implantation.] Am
Coli Cardiol 2000, 35 (Suppl A; 67A).

12. Kozuma K, Hara K, YamasakiM, et al. Effects of
cilostazol on late lumen loss and repeat
revascularization after Palmaz-Schatz coronary stent
implantation. Am Heart] 2001;141:124-30.

13. Karnishirado H, Inoue T, Mizoguchi K, et al.
Randomized comparison of cilostazol versus
ticlopidinehydrochloridefor antiplatelettherapy after
coronary stent implantation for prevention of late
restenosis. Am Heart] 2002;144:303-8.

14. Sekiguchi M, Hoshizaki H, et al. Effects of
antiplatelet agents on subacute thrombosis and
restenosis after successful coronary stenting - A
randomized comparison of ticlopidine and
cilostazol. Circulation 2004;68:610-614.

15. Han Y,Wang S,et al.Cilostazol improves long-term
outcomes after coronary stent implantation. Am
Heart] 2005;150:568.el-568.e5.

16. Takeyasu N, Watanabe S, et al. Randomized
comparison of cilostazol versus ticlopidine for
antiplatelet therapy after stenting. Circulation
2005;69:780-785.

17. Bhatt DL, Bertrand ME, Berger PB, et al. Meta-
analysis of randomized and registry comparisons
of ticlopidine with clopidogrel after stenting.] Am
Coli Cardiel 2002;39:9-14.

18. Casella G, Ottani F, et al. Safety and efficacy
evaluation of clopidogrel compared to ticlopidine
after stent implantation: An updated meta-analysis.
Italian Heart ]ouma12003;4(10):677-684

30 Philippine Journal of Cardiovascular Medicine


