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The purpose of this study was to determine the effect of the addition of cilostazol to aspirin
plus clopidogrel on platelet aggregation after intracoronary stent implantation. Twenty
patients who underwent coronary stent placement were randomly assigned to therapy with
aspirin plus clopidogrel (dual-therapy group, n = 10) or aspirin plus clopidogrel plus
cilostazol (triple-therapy group, n = 10). A loading dose of clopidogrel (300 mg) and
cilostazol (200 mg) was administered immediately after stent placement, and clopidogrel
(75 mg/day) and cilostazol (100 mg twice daily) were given for 1 month. Platelet aggrega-
tion in response to adenosine diphosphate (ADP; 5 and 20 pmol/L) or collagen and
P-selectin (CD-62P) expression was assayed at baseline, 2 hours, 24 hours, 1 week, and 1
month after stent placement. Inhibition of ADP-induced platelet aggregation was signifi-
cantly higher in patients receiving triple therapy than those receiving dual therapy from 24
hours after stent placement, and inhibition of collagen-induced platelet aggregation was
significantly higher in the triple-therapy group beginning 1 week after stent placement.
P-Selectin expression was significantly lower in the triple-therapy than dual-therapy group
at 1 week and 30 days. In conclusion, compared with dual antiplatelet therapy, triple
therapy after coronary stent placement resulted in more potent inhibition of platelet
aggregation induced by ADP and collagen. These findings suggest that triple therapy may

be wused clinically to prevent thrombotic complications
© 2007 Elsevier Inc. All rights reserved. (Am J Cardiol 2007;100:610-614)

placement.

after coronary stent

Cilostazol is a drug with a different mechanism of action
than clopidogrel. Cilostazol inhibited activity of the enzyme
cyclic adenosine monophosphate (cAMP) phosphodiester-
ase in platelets and the production of platelet-derived
growth factor in endothelial cells.! In randomized trials,
cilostazol was as effective as ticlopidine®>* or clopidogrel®
in preventing stent thrombosis after coronary stent place-
ment, and triple antiplatelet therapy with aspirin and cilosta-
zol plus clopidogrel or ticlopidine was more effective in
preventing stent thrombosis than dual therapy with aspirin
plus clopidogrel or ticlopidine. However, less is known
about the effects of these treatments on platelet function test
results. We therefore compared the effects of triple (aspirin
plus clopidogrel plus cilostazol) and dual therapy (aspirin
plus clopidogrel) on platelet aggregation and P-selectin
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(CD-62P) expression in patients undergoing coronary inter-
vention.

Methods

The 20 patients awaiting elective coronary stent implanta-
tion were randomly assigned to treatment with aspirin plus
clopidogrel (dual-therapy group, n = 10) or aspirin plus
clopidogrel plus cilostazol (triple-therapy group, n = 10)
after coronary angiography. All patients received aspirin
(200 mg/day) for =1 week before coronary intervention.
Loading doses of clopidogrel (300 mg) and cilostazol (200
mg) were administered immediately after stent placement,
and patients were maintained on clopidogrel 75 mg/day,
cilostazol 100 mg twice daily, and aspirin 200 mg/day for
30 days.

Unfractionated heparin was administered intravenously
to all patients before percutaneous coronary intervention to
achieve an activated clotting time >300 seconds. Heparin
therapy was not continued after coronary stent placement.
Glycoprotein IIb/IIla inhibitors were not given, as specified
by the research protocol. Patients with a contraindication to
antiplatelet agents were excluded, including those with
thrombocytopenia (<100,000 platelets/wL), history of
bleeding diathesis, illicit drug or alcohol abuse, acute myo-
cardial infarction (within 2 weeks), or recent use of an
antiplatelet agent other than aspirin. The study protocol was
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approved by the hospital institutional review board and
performed in accordance with international ethical regula-
tions. Participants gave written informed consent.

Blood samples were obtained just before percutaneous
coronary intervention and at 2 hours, 24 hours, 1 week, and
1 month after intervention using the double-syringe tech-
nique, in which the first 5 ml of blood was drawn into an
empty syringe, which was discarded. Blood samples were
drawn into sodium citrate—containing tubes (Vacutainer,
Becton-Dickinson, Inc., San Jose, California) for platelet
aggregation studies and ethylenediaminetetraacetic acid—
containing tubes (Vacutainer) for flow cytometry.

Platelet aggregation tests were started within 60 minutes
after blood sampling. People performing platelet aggrega-
tion and flow cytometric tests were blinded to patient ran-
domization. Platelet-rich plasma was prepared immediately
by centrifuging blood samples at 200 g for 10 minutes, and
platelet-poor plasma was prepared by centrifugation at
1,600 g for 10 minutes. As agonists, we used adenosine
diphosphate (ADP) at final concentrations of 5 and 20 uM
(mol/L) and collagen at a final concentration of 2 ug/ml.
Platelet aggregation was assessed at 37° using a PACKS-4
aggregometer (Helena Laboratories Corp., Beaumont,
Texas) and expressed as maximal percentage of change in
light transmittance from baseline platelet-rich plasma, using
platelet-poor plasma as a reference.

Blood samples were incubated with ADP 20 uM at
room temperature for 10 minutes to stimulate platelet
activation. Samples were subsequently incubated for 20
minutes at room temperature with phycoerythrin-conju-
gated anti—P-selectin monoclonal antibody (Pharmingen,
San Diego, California), a marker of platelet activation,
and Peridinin Chlorophyll Protein-conjugated anti-
CD41a (Pharmingen) as control. Each sample was diluted
10-fold in phosphate-buffered solution containing 1%
paraformaldehyde to fix the cells. Platelet surface expres-
sion of P-selectin was analyzed using FACScan flow
cytometry (Becton-Dickinson, Inc.) within 4 hours of cell
fixation while the epitopes were still stable. Platelets
were identified by their characteristic light-scattering
profiles. Results were expressed as percentage of specific
antibody-positive platelets, defined as those with a fluo-
rescence intensity >99% of control platelets.

Continuous variables are presented as mean * SD and
compared using Wilcoxon’s signed-rank test or Mann-
Whitney U test. Categorical variables are presented as num-
ber or percentage and compared using chi-square test or
Fisher’s exact test. Statistical significance is defined as p
<0.05.

Results

There were no significant differences in patient character-
istics between the 2 groups (Table 1). No major adverse
cardiovascular events, including death, myocardial infarc-
tion, stroke, or stent thrombosis, occurred during the
I-month study period. In addition, there were no serious
adverse reactions causing drug discontinuation and no ma-
jor bleeding episodes requiring transfusion.

Platelet aggregation profiles are shown in Table 2 and
Figure 1. At baseline, platelet aggregation induced by ADP

Table 1
Patient characteristics at baseline

Variable Dual-Therapy Triple-Therapy
Group (n = 10) Group (n = 10)
Age (yrs) 56.0 = 10.2 56.6 £9.4
Men 5 6
Hypertension 5 5
Diabetes mellitus 3 2
Smoker 5 5
Stent length (mm) 46 £ 24 44 =21

Platelet count (/L) 270,000 * 51,000 228,000 £ 78,000

Values expressed as mean = SD or number of patients.

Dual-therapy group treated with aspirin plus clopidogrel. Triple-therapy
group treated with aspirin plus clopidogrel plus cilostazol.

There were no statistically significant differences between the 2 groups.

Table 2
Mean platelet aggregation over time
Agonist Dual-Therapy Triple-Therapy p Value
Group Group
(n = 10) (n = 10)
ADP (5 pmol/L)
Baseline 46.6 = 14.0 409 £ 18.3 0.472
2h 40.8 £ 15.2 37.9 £ 195 0.693
24 h 345 = 17.0*% 20.2 = 15.1* 0.012
7d 34.5 + 7.6* 19.3 = 12.3* 0.004
30d 322 £ 7.4% 13.4 £9.8* 0.000
ADP (20 pmol/L)
Baseline 67.6 = 13.4 58.4 =209 0.226
2h 642+ 114 61.5 129 0.814
24 h 51.7 = 14.4* 359 *+ 18.9* 0.044
7d 51.3 £ 9.1* 342 +23.1* 0.045
30d 494 * 11.0* 31.2 £ 15.0* 0.008
Collagen (2 wg/ml)
Baseline 66.7 = 20.0 653 *15.5 0.753
2h 653 155 60.7 = 16.4 0.524
24 h 63.9 =21.2 514 +21.7 0.212
7d 654 122 314 = 17.9* 0.000
30d 559 *13.7 36.5 = 13.4* 0.007

All values expressed as mean * SD.

Dual-therapy group treated with aspirin plus clopidogrel; Triple-therapy
group treated with aspirin plus clopidogrel plus cilostazol.

*p <0.05 compared with respective baseline values using Wilcoxon’s
signed-rank test.

and collagen were similar between the 2 groups. Inhibition
of ADP-induced platelet aggregation gradually increased
over time in both groups. At 24 hours after stent placement,
platelet aggregation induced by both concentrations of ADP
(5 or 20 umol/L) significantly decreased compared with
baseline in both groups. Beginning 24 hours after stent
placement and at all further time points, inhibition of plate-
let aggregation induced by both concentrations of ADP was
significantly higher in patients receiving triple therapy than
in those receiving dual therapy.

In the dual-therapy group, there was no inhibition of
collagen-induced platelet aggregation during the 1-month
study period. However, in the triple-therapy group, collagen-
induced platelet aggregation was significantly lower 1 week
after stent placement than at baseline. Moreover, collagen-
induced platelet aggregation was significantly lower at 1
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Figure 1. (A to C) Agonist-induced platelet aggregation and (D) percentage of P-selectin expression over 30 days. Percentage of platelet aggregation after
stimulation with (A) ADP 5 uM, (B) ADP 20 uM, or (C) collagen 2 pg/ml. (D) Percentage of P-selectin—positive platelets after stimulation with ADP 20
M. All results expressed as mean + SD. "p <0.05; *p <0.01 between the 2 groups (compared using Mann-Whitney U test). Black circles, aspirin plus

clopidogrel; white circles, aspirin plus clopidogrel plus cilostazol.

Table 3
Percentage of P-selectin—positive platelets over time after stimulation
with adenosine diphosphate 20 wmol/L

Dual-Therapy Group Triple-Therapy Group p Value
(n = 10) (n = 10)
Baseline 81.0 £ 10.2 82.1 £ 6.8 0.693
2h 792 £55 73.8 £7.1 0.472
24 h 76.6 = 8.4 68.7 = 6.8 0.293
7d 719 9.5 532 *+ 17.2% 0.042
30d 73.7 £ 129 55.5 £ 13.1% 0.024

Dual-therapy group treated with aspirin plus clopidogrel; Triple-therapy
group treated with aspirin plus clopidogrel plus cilostazol.
*p <0.05 compared with baseline using Wilcoxon’s signed-rank test.

week in the triple-therapy group than in the dual-therapy
group. Platelet P-selectin expression after ADP (20 uM)
stimulation is shown in Table 3 and Figure 1. Patients in the
dual-therapy group showed no decrease in platelet P-selec-
tin expression over 1 month. In contrast, platelets from
patients in the triple-therapy group showed a significant
decrease in P-selectin expression 1 week after stent place-
ment versus baseline. In addition, ADP-induced P-selectin
expression was significantly lower in the triple-therapy
group than in the dual-therapy group at 1 week and 1 month
after stent placement.

In addition, ADP-induced P-selectin expression was sig-

nificantly lower in the triple therapy group than in the dual
therapy group at 1 week and 1 month after stent placement.
Figure 2 showed individual variability in reduction of ago-
nist-induced platelet aggregation and P-selectin expression
between baseline and 1 month. Most patients in the triple
therapy group showed decreased agonist-induced platelet
aggregation and P-selectin expression at 1 month compared
with baseline activity.

Discussion

We showed here that a triple-therapy regimen of cilostazol,
clopidogrel, and aspirin showed more potent inhibition of
ADP-induced platelet aggregation than dual therapy with
aspirin and clopidogrel. This difference first appeared 24
hours after coronary stent placement and was maintained
thereafter, suggesting that clopidogrel and cilostazol had a
rapid and persistent action.”® We also found that platelet
P-selectin expression and collagen-induced platelet aggre-
gation were not inhibited by dual antiplatelet therapy with
aspirin and clopidogrel, which agrees with previous find-
ings.” However, triple antiplatelet therapy with aspirin, clo-
pidogrel, and cilostazol inhibited collagen-induced platelet
aggregation and platelet P-selectin expression beginning 1
week after stent placement. P-Selectin, a marker of platelet
activation expressed exclusively by activated platelets, pro-
motes fibrin deposition, inducing leukocyte accumulation in
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Figure 2. Individual comparison of (Ato C) agonist-induced platelet aggregation and (D) percentage of P-selectin expression over 30 days. Percentage of
platelet aggregation after stimulation with (A) ADP 5 uM, (B) ADP 20 uM, or (C) collagen 2 ug/ml. (D) Percentage of P-selectin—positive platelets after
stimulation with ADP 20 uM. Black circles, aspirin plus clopidogrel; white circles, aspirin plus clopidogrel plus cilostazol.

areas of vascular injury and arterial thrombogenesis.!0-!!
Thus, P-selectin may be important during thrombogenesis
after stent placement, and the addition of cilostazol to the
conventional dual regimen may decrease thrombotic com-
plications in patients at high risk of stent thrombosis. A
recent clinical study involving 3,012 patients showed that triple
therapy was more effective than dual therapy in preventing
stent thrombosis, suggesting that the laboratory findings pre-
sented here may be translated to clinical settings.®

The exact mechanism of beneficial effects of triple anti-
platelet therapy remains uncertain. ADP-induced platelet
activation and aggregation may have an important role in
the pathogenesis of arterial thrombosis. Although clopi-
dogrel and cilostazol inhibit ADP-induced platelet aggrega-
tion using different mechanisms of action, both increase
intracellular cAMP, clopidogrel by inhibiting ADP-induced
inhibition of adenylate cyclase and cilostazol by inhibiting
phosphodiesterase III.'213 Intracellular cAMP was shown to
correlate with degree of inhibition of platelet aggregation.'#
Thus, the additive antiplatelet effects of cilostazol and clo-

pidogrel may be caused by their ability to increase cCAMP
using different mechanisms of action. The addition of
cilostazol to an aspirin plus clopidogrel regimen resulted in
additional suppression of platelet P-selectin expression and
also showed an appreciable decrease of incidence of stent
thrombosis after coronary stent placement.®!> This is espe-
cially important because of the recent finding of resistance
to aspirin and clopidogrel in a substantial number of patients
undergoing coronary stent placement. This resistance was
associated with increased risk of stent thrombosis and other
cardiac events.'®!7 Thus, the role of cilostazol in patients
with resistance to aspirin and clopidogrel should be clari-
fied. In addition, several large-scale recent publications and
many clinicians currently use a 600-mg (or even 900-mg)
loading dose of clopidogrel, and there are several reports on
faster onset of platelet inhibition using a higher loading dose
than a conventional loading dose of 300 mg.'8-1° If a higher
loading dose of clopidogrel is used in triple therapy, it is
supposed that a more rapid and potent antiplatelet effect
could be achieved.
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A few limitations need to be addressed. First, the sample
size is small, but we found a significant difference in platelet
aggregation between the triple and dual antiplatelet regi-
mens. Second, study drugs were administered immediately
after stent placement, which is not current standard care in
patients undergoing coronary stent placement. Our study
evaluated serial changes in platelet aggregation after coro-
nary stent placement and was similar in design to previous
studies.?0-2! Third, this study was not designed to show that
a triple regimen could decrease platelet aggregation in pa-
tients who may be at particular risk of adverse events after
percutaneous coronary intervention, such as those with high
platelet reactivity after clopidogrel treatment. To provide a
rationale for the use of a triple antiplatelet regimen after
coronary stent placement in patients at high risk of throm-
botic complications, specific tests should be performed in
such patients. For such patients, higher daily dosing regi-
mens of clopidogrel could also be beneficial in decreasing
platelet aggregation.??

1. Okuda Y, Kimura Y, Yamashita K. Cilostazol. Cardiovasc Drug Rev
1993;11:451-465.

2. Park SW, Lee CW, Kim HS, Lee HJ, Park HK, Hong MK, Kim JJ,
Park SJ. Comparison of cilostazol versus ticlopidine therapy after stent
implantation. Am J Cardiol 1999;84:511-514.

3. Yoon Y, Shim WH, Lee DH, Pyun WB, Kim 1J, Jang Y, Cho SY.
Usefulness of cilostazol versus ticlopidine in coronary artery stenting.
Am J Cardiol 1999;84:1375-1380.

4. Hashiguchi M, Ohno K, Nakazawa R, Kishino S, Mochizuki M, Shiga
T. Comparison of cilostazol and ticlopidine for one-month effective-
ness and safety after elective coronary stenting. Cardiovasc Drugs
Ther 2004;18:211-217.

5. Lee SW, Park SW, Hong MK, Lee CW, Kim YH, Park JH, Kang SJ,
Han KH, Kim JJ, Park SJ. Comparison of cilostazol and clopidogrel
after successful coronary stenting. Am J Cardiol 2005;95:859—-862.

6. Lee SW, Park SW, Hong MK, Kim YH, Lee BK, Song JM, Han KH,
Lee CW, Kang DH, Song JK, Kim JJ, Park SJ. Triple versus dual
antiplatelet therapy after coronary stenting: impact on stent thrombo-
sis. J Am Coll Cardiol 2005;46:1833-1837.

7. Tanaka T, Ishikawa T, Hagiwara M, Onoda K, Itoh H, Hidaka H.
Effects of cilostazol, a selective cAMP phosphodiesterase inhibitor on
the contraction of vascular smooth muscle. Pharmacology 1988;36:
313-320.

8. Kunishima T, Musha H, Eto F, Iwasaki T, Nagashima J, Masui Y, So
T, Nakamura T, Oohama N, Murayama M. A randomized trial of
aspirin versus cilostazol therapy after successful coronary stent im-
plantation. Clin Ther 1997;19:1058-1066.

9. Gurbel PA, Malinin Al, Callahan KP, Serebruany VL, O’Connor CM.
Effect of loading with clopidogrel at the time of coronary stenting on
platelet aggregation and glycoprotein IIb/Illa expression and platelet-
leukocyte aggregate formation. Am J Cardiol 2002;90:312-315.

10. Yokoyama S, Ikeda H, Haramaki N, Yasukawa H, Murohara T,
Imaizumi T. Platelet P-selectin plays an important role in arterial
thrombogenesis by forming large stable platelet-leukocyte aggregates.
J Am Coll Cardiol 2005;45:1280-1286.

11. Palabrica T, Lobb R, Furie BC, Aronovitz M, Benjamin C, Hsu YM,
Sajer SA, Furie B. Leukocyte accumulation promoting fibrin deposi-
tion is mediated in vivo by P-selectin on adherent platelets. Nature
1992;359:848-851.

12. Ryningen A, Olav Jensen B, Holmsen H. Elevation of cyclic AMP
decreases phosphoinositide turnover and inhibits thrombin-induced
secretion in human platelets. Biochim Biophys Acta 1998;1394:235—
248.

13. Defreyn G, Gachet C, Savi P, Driot F, Cazenave JP, Maffrand JP.
Ticlopidine and clopidogrel (SR 25990C) selectively neutralize ADP
inhibition of PGEl-activated platelet adenylate cyclase in rats and
rabbits. Thromb Haemost 1991;65:186-190.

14. Kariyazono H, Nakamura K, Shinkawa T, Yamaguchi T, Sakata R,
Yamada K. Inhibition of platelet aggregation and the release of P-
selectin from platelets by cilostazol. Thromb Res 2001;101:445-453.

15. Ahn JC, Song WH, Kwon JA, Park CG, Seo HS, Oh DJ, Rho YM.
Effects of cilostazol on platelet activation in coronary stenting patients
already treated with aspirin and clopidogrel. Korean J Intern Med
2004;19:230-236.

16. Muller I, Besta F, Schulz C, Massberg S, Schonig A, Gawaz M.
Prevalence of clopidogrel non-responders among patients with stable
angina pectoris scheduled for elective coronary stent placement.
Thromb Haemost 2003;89:783-787.

17. Matetzky S, Shenkman B, Guetta V, Shechter M, Bienart R, Golden-
berg I, Novikov I, Pres H, Savion N, Varon D, Hod H. Clopidogrel
resistance is associated with increased risk of recurrent atherothrom-
botic events in patients with acute myocardial infarction. Circulation
2004;109:3171-3175.

18. Price MJ, Coleman JL, Steinhubl SR, Wong GB, Cannon CP, Teirstein
PS. Onset and offset of platelet inhibition after high-dose clopidogrel
loading and standard daily therapy measured by a point-of-care assay
in healthy volunteers. Am J Cardiol 2006;98:681-684.

19. Montalescot G, Sideris G, Meuleman C, Bal-dit-Sollier C, Lellouche
N, Steg PG, Slama M, Milleron O, Collet JP, Henry P, Beygui F,
Drouet L. A randomized comparison of high clopidogrel loading doses
in patients with non-ST-segment elevation acute coronary syndromes:
the ALBION (Assessment of the Best Loading Dose of Clopidogrel to
Blunt Platelet Activation, Inflammation and Ongoing Necrosis) trial.
J Am Coll Cardiol 2006;48:931-938.

20. Lev EI, Patel RT, Maresh KJ, Guthikonda S, Granada J, DeLao T,
Bray PF, Kleiman NS. Aspirin and clopidogrel drug response in
patients undergoing percutaneous coronary intervention: the role of
dual drug resistance. J Am Coll Cardiol 2006;47:27-33.

21. Gurbel PA, Bliden KP, Hayes KM, Yoho JA, Herzog WR, Tantry US.
The relation of dosing to clopidogrel responsiveness and the incidence
of high post-treatment platelet aggregation in patients undergoing
coronary stenting. J Am Coll Cardiol 2005;45:1392-1396.

22. Beckerath NVB, Kastrati AK, Wieczoreck AW, Pogatsa-Murray
GPM, Sibbing DS, Schoemig AS. A double-blind randomized com-
parison between two different clopidogrel maintenance doses after
percutaneous coronary intervention (ISAR-CHOICE 2 Trial). Eur
Heart J 2006;27:abstract 5039.



	Effects of Triple Antiplatelet Therapy (Aspirin, Clopidogrel, and Cilostazol) on Platelet Aggregation and P-Selectin Expression in Patients Undergoing Coronary Artery Stent Implantation
	Methods
	Results
	Discussion
	References


