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Purpose: Whether addition of cilostazol is superior to increasing dose of clopido-
grel in patients with hyporesponsiveness to chronic clopidogrel therapy is un-
known. Materials and Methods: We studied 73 patients with hyporesponsiveness 
to clopidogrel on standard dual antiplatelet therapy for more than 2 weeks. Clopi-
dogrel hyporesponsiveness was defined as percent inhibition of P2Y12 reaction 
units (PRU) <30% on VerifyNow P2Y12 assay. Patients were randomly assigned 
to increased dose of clopidogrel (aspirin 100 mg+clopidogrel 150 mg daily: group 
A, n=38) or to receiving additional cilostazol (aspirin 100 mg+clopidogrel 75 
mg+cilostazol 100 mg bid daily: group B, n=35). Results: Baseline percent inhibi-
tion of PRU and PRU was similar between 2 groups (13.0±10.2% versus 
11.8±9.7%, p=0.61, and 286.3±54.7 versus 295.7±53.7, p=0.44, respectively). At 
follow-up, percent inhibition of PRU was higher and PRU was lower significantly 
in group B than in group A (38.5±17.9% versus 28.3±16.6%, p=0.02, and 
207.3±68.2 versus 241.3±76.7, p=0.050, respectively). Among those still showing 
hyporesponsiveness to clopidogrel at follow-up (21 patients in group A, 10 pa-
tients in group B), 12 patients completed further crossover study. Compared to the 
baseline, magnitude of change in percent inhibition of PRU and PRU showed an 
improved tendency after the crossover (from 2.7±8.7% to 15.8±18.4%, p=0.08, 
and from -18.6±58.0 to -61.9±84.3, p=0.08). Conclusion: Adjunctive cilostazol 
improved clopidogrel responsiveness better than the higher maintenance dose of 
clopidogrel in hyporesponsive patients with chronic clopidogrel therapy.
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INTRODUCTION

Response to clopidogrel shows wide individual variability, and substantial portion 
of patients have hyporesponsiveness or resistance to clopidogrel.1 Increase of clop-
idogrel dose or addition of cilostazol has been reported to enhance the responsive-
ness of platelets to clopidogrel.2,3 Currently, there are several reports showing the 
superiority of addition of cilostazol over higher maintenance dose of clopidogrel to 
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ization after DES implantation was similar in both groups, 
30 (29-33) days in group A and 30 (24-32) days in group B 
(p=0.324). Platelet function test was performed 4 weeks af-
ter randomization. Each patient’s compliance was monitored 
by counting the number of pills remaining at follow-up 
time. Patients still showing hyporesponsiveness to clopido-
grel after 4 weeks of randomization were asked to partici-
pate in the crossover study. Patients who agreed to be en-
rolled, received crossover treatment, and follow-up platelet 
function test was repeated 4 weeks after the crossover. 
There was no washout phase between 2 treatment periods.

 
Clopidogrel responsiveness assay
Responsiveness to clopidogrel was measured using the Ver-
ifyNow P2Y12 assay (Accumetrics Inc., San Diego, CA, 
USA). The VerifyNow P2Y12 assay is a rapid whole blood 
point-of-care test for measuring the effects of clopidogrel 
on the P2Y12 receptor. 

The VerifyNow-P2Y12 system contains 20 μmol of ade-
nosine diphosphate (ADP) to activate P2Y1 and P2Y12 re-
ceptors and 22 μmol of prostaglandin E1 to reduce nonspe-
cific contribution of the P2Y1 receptor. The assay measures 
the change in the optical signal caused by ADP-induced 
platelet aggregation, using cartridges containing fibrinogen 
coated beads. The results are expressed in P2Y12 reaction 
units (PRU). Percent inhibition of ADP-induced platelet ag-
gregation is also calculated as follows: [1-(PRU after clopi-
dogrel/PRU at baseline)]×100. The PRU at baseline is ob-
tained in the thrombin receptor activating peptide channel 
and serves as an estimate of the baseline platelet function 
independent of P2Y12 inhibition or without having a value 
prior to clopidogrel. Hyporesponsiveness to clopidogrel 
was defined as percent inhibition of ADP-induced platelet 
aggregation <30%.6,7 

 
Study end points and sample size
The primary endpoint was percent inhibition of PRU at fol-
low-up of 4 weeks after randomization. The secondary end 
points included PRU at follow-up of 4 weeks after random-
ization, change in percent inhibition of PRU and PRU.

The primary endpoints of group A and group B were as-
sumed to be 30±15% and 40±15%, respectively, which are 
approximation between the values in two studies. In AC-
CEL-RESISTANCE study, percent inhibition of PRU was 
23.1±29.9% vs. 39.6±24.1% in each high maintenance dose 
of clopidogrel and triple antiplatelet group.4 And ACCEL-
AMI study showed similar pattern with percent inhibition 

improve the responsiveness to clopidogrel.4,5 In these studies, 
however, the response of platelets was assessed just before 
the coronary intervention after 300 mg or 600 mg loading 
dose of clopidogrel. Meanwhile, there are limited data as-
sessing the platelet activity in a steady state of clopidogrel af-
ter a substantial period of usual maintenance dose. Since the 
stent thrombosis of drug-eluting stent (DES) is not a problem 
confined to acute coronary syndrome, it is a notable issue to 
find more efficient regimen in the hypo-responsive group in 
a chronic stable condition after DES implantation.

The primary aim of this study is to investigate whether the 
addition of cilostazol is superior to increasing dose of clopi-
dogrel in the patients with hyporesponsiveness to clopido-
grel in spite of standard dual antiplatelet therapy for more 
than 2 weeks. Additionally, we performed another 4 weeks 
of crossover study targeting the patients with hyporespon-
siveness to clopidogrel after 4 weeks of initial intensified 
antiplatelet therapy.

MATERIALS AND METHODS
　　　

Study population and study design
The study was a single-center, prospective, open-labeled, 
randomized platelet function study to compare the effects 
of adjunctive cilostazol versus high maintenance dose of 
clopidogrel in the patients with hyporesponsiveness to 
clopidogrel. Patients who showed hyporesponsiveness to 
clopidogrel under the standard dual antiplatelet therapy (as-
pirin 100 mg/day+clopidogrel 75 mg/day) for more than 2 
weeks after DES implantation was included. Exclusion cri-
teria were as follows: hypersensitivity to aspirin, clopido-
grel, or cilostazol; congestive heart failure; acute coronary 
syndrome within 2 weeks; cerebrovascular event within 3 
months; major bleeding within 3 months; bleeding diathesis; 
thrombocytopenia (<100000/uL); hematocrit <30%; use of 
glycoprotein IIb/IIIa receptor antagonist within 1 month; 
concomitant use of warfarin; renal dysfunction (serum creat-
inine >2 mg/dL); liver disease (serum bilirubin >2 mg/dL). 

Patients meeting inclusion and exclusion criteria were 
randomly assigned to increased dose of clopidogrel (aspirin 
100 mg+clopidogrel 150 mg daily: group A), or to receiv-
ing additional cilostazol (aspirin 100 mg+clopidogrel 75 
mg daily+cilostazol 100 mg bid daily: group B). Patients 
were randomly assigned in a ratio of 1 : 1, with the use of 
balanced computer-generated blocks of four, to either group 
A or group B. The median interval at the time of random-
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dogrel. Of these, 80 patients met inclusion and exclusion 
criteria, but 1 patient refused to participate in this study. Fi-
nally, 79 patients were enrolled: 39 patients were randomly 
assigned to increased dose of clopidogrel (group A) and 40 
to receiving additional cilostazol (group B). In group A, 1 
patient had diarrhea and stopped the medication earlier than 
planned. In group B, 5 patients needed to withdraw the 
planned protocol due to severe headache. As a result, total 
38 patients in group A and 35 patients in group B complet-
ed the trial. The patient flow is summarized in Fig. 1. Base-
line characteristics including hemoglobin level and platelet 
count did not differ significantly between group A and 
group B. Medications which were taken at baseline were 
not significantly different, either (Table 1). During follow-
up period, there was no minor/major bleeding, or adverse 
cardiovascular events in both groups. 

 
VerifyNow P2Y12 assay
Baseline percent inhibition of PRU and PRU was similar in 
both group B and group A (13.0±10.2% versus 11.8±9.7%, 
p=0.61, and 286.3±54.7 versus 295.7±53.7, p=0.44, consecu-
tively). At follow-up, percent inhibition of PRU was signifi-
cantly greater in group B than in group A (38.5±17.9% ver-
sus 28.3±16.6%, p=0.02). The level of PRU was also 
statistically lower in group B at 4 week-follow-up (207.3± 
68.2 versus 241.3±76.7, p=0.050). Similarly, the change in 
percent inhibition of PRU was statistically much larger in 
group B (24.9±17.0% versus 16.4±17.2%, p=0.04). Al-
though there was no statistically significant difference in the 
change of PRU between the two groups, group B showed a 
tendency of larger change in PRU (-78.1±65.1 versus 

of 30.7±27.5% vs. 43.0±24.4%, respectively. Considering 
α-error as 0.05 and β-error as 0.80, the required sample size 
was 36. Assuming that drop-out rate would be 10%, we in-
cluded 40 patients in each group.

 
Statistical analyses
Data are expressed as mean±SD or frequencies. Categorical 
variables were compared by χ2 tests or Fisher’s exact tests 
as seems to be appropriate. Comparison of the continuous 
variables was performed by independent t-test or Mann-
Whitney U test. Baseline and follow-up test results were 
compared with paired t-test or Wilcoxon signed ranks test 
where appears to be appropriate. p values are two-tailed 
and p<0.05 was considered significant. PASW® Statistics 
18 (SPSS Inc., Chicago, IL, USA) was used in the statisti-
cal analysis.

Ethical consideration
The institutional review board of Samsung Medical Center 
approved this study, and all subjects gave their informed 
consent to participation. This study is registered with Clini-
calTrials.gov, number NCT00620646.

 

RESULTS
 

Patient characteristics and follow-up
From February 2008 to November 2008, a prospective but 
nonconsecutive series of 318 patients on standard dual anti-
platelet therapy for more than 2 weeks underwent Veri-
fyNow P2Y12 assay to screen the responsiveness to clopi-

Fig. 1. Flow diagram of the study process. DES, drug-eluting stent.

Total patients who underwent baseline platelet function test after DES insertion (n=318)

Randomization (n=79)

Exclusion criteria (n=238)
Acute coronary syndrome within 2 weeks, 

optimal response to clopidogrel, etc.

Group A (Aspirin 100 mg+clopidogrel 150 mg qd)
(n=39)

Clopidogrel hypo-responsiveness after 4 weeks (n=21)

Group B (Aspirin 100 mg+clopidogrel 75 mg qd+cilostazol 100 mg bid)
(n=40)

Clopidogrel hypo-responsiveness after 4 weeks (n=10)

Refusal (n=1)

Crossover (n=9) Crossover (n=3)

Final group A (n=38) Final group B (n=35)Drop out due to adverse drug re-
action (n=1)

Drop out due to adverse drug 
reaction (n=5)
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among 35 patients (28.6%) in the group B showed follow-
up percent inhibition of PRU less than 30% at 4 weeks after 
the 1st randomization. The percentage of sustained hypore-
sponsiveness to clopidogrel was significantly lower in 

-54.2±67.6, p=0.13) (Fig. 2).

Crossover study
Twenty-one among 38 patients (55.3%) in group A, and 10 

Table 1. Baseline Characteristics of the Patients
Group A (n=38) Group B (n=35) p value 

Age   60±15   60±10 0.80
Female   9 (23.7%)   9 (25.7%) 0.84
BMI 25.5±3.3 24.8±2.6 0.27 
Diabetes mellitus 10 (26.3%) 11 (31.4%) 0.63
Hypertension 25 (65.8%) 21 (60.0%) 0.61 
Dyslipidemia   8 (21.1%)   6 (17.1%) 0.67 
Current smoking   4 (10.5%)   9 (25.7%) 0.10 
Previous PCI   6 (15.8%) 10 (28.6%) 0.19 
Previous CABG 1 (2.6%) 1 (2.9%) 0.95 
Previous stroke 3 (7.9%) 2 (5.7%) 0.71 
LV ejection fraction (%) 61±8   62±10 0.64
Hemoglobin (mg/dL) 13.8±1.5 13.6±1.4 0.47 
Platelet count (×1000/uL) 201±58 197±51 0.78 
Statin 33 (86.8%) 26 (74.3%) 0.17 
    CYP3A4 metabolized 20 (52.6%) 21 (60.0%) 0.53 
Beta-blocker 24 (63.2%) 17 (48.6%) 0.21 
ACE inhibitor   4 (10.5%) 3 (8.6%) 1.00
Angiotensin receptor blocker 22 (57.9%) 22 (62.9%) 0.67 
Nitrates   6 (15.8%) 3 (8.6%) 0.48 
Calcium channel blocker 11 (28.9%)   9 (25.7%) 0.76 

BMI, body mass index; PCI, percutaneous coronary intervention; CABG, coronary artery bypass graftintg; LV, left ventricle; ACE, angiotension converting 
enzyme.

Fig. 2. Percent inhibition of PRU and PRU at baseline and follow-up. (A) At baseline, group A and B showed no statistical difference in percent inhibition of 
PRU. After 4 weeks of randomization, group B showed significantly higher value of percent inhibition of PRU. (B) Group A and B initially presented no statisti-
cal difference in PRU. After 4 weeks of randomization, group B showed significantly lower value of PRU. (C) In the difference in percent inhibition, group B 
showed statistically larger change compared to group A after 4 weeks of antiplatelet regimens. (D) Group B showed the similar tendency of the larger 
change in PRU compared to group A after 4 weeks of antiplatelet regimens. PRU, P2Y12 reaction units.
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ness or resistance to clopidogrel.1 Since hypo-responsive-
ness to clopidogrel has been reported to be associated with 
adverse clinical outcomes,8,9 finding more effective regimen 
in the patients with hyporesponsiveness to clopidogrel has 
evoked great interests. Increase of clopidogrel dose or addi-
tion of cilostazol to the standard dual anti-platelet therapy 
was suggested as another option to solve this problem.2,3,10-12 
The ACCEL-RESISTANCE and ACCEL-AMI study com-
pared these two regimens and demonstrated that platelet in-
hibition of adjunctive cilostazol was more intense than 150 
mg maintenance dose of clopidogrel.4,5 However, baseline 
platelet function test was performed immediately before 
PCI in the above study. Therefore, they could not reflect the 
steady state obtained only after a substantial period of clop-
idogrel treatment.13

As a phosphodiesterase ш inhibitor, cilostazol acts on a 
pathway different from clopidogrel, one of the P2Y12 re-
ceptor inhibitor.14 Cilostazol inhibits phophodiesterase ac-
tivity, suppresses cyclic adenosine monophosphate degra-
dation, and activates vasodilator-stimulated phosphoprotein. 
Hence, cilostazol acts on the pathway which belongs to the 
downstream of clopidogrel action without passing through 
P2Y12 receptor.15,16 Moreover, cilostazol is metabolized 
mainly by cytochrome P450 (CYP) 3A4 pathway and, to a 
lesser extent, by CYP2C19, the major metabolizing path-
way of clopidogrel.16 Those pharmacologic aspects of cilo-
stazol can be a good reason of why cilostazol is superior to 
higher maintenance dose of clopidogrel.

Meanwhile, the side effect of cilostazol should not be ig-
nored before conceding triple antiplatelet therapy as superi-
or one. In our study, 5 patients among 40 patients in group 
B and 1 patient among 3 patients in group B after crossover 

group B than in group A (p=0.02). Among them, 13 pa-
tients agreed to be continually enrolled in the crossover 
study. They included 10 patients from group A and 3 pa-
tients from group B. One patient who switched the regimen 
from A to B had to cease the medication earlier due to se-
vere headache. Therefore, 12 patients completed the cross-
over study. At the second follow-up, total 5 patients achieved 
optimal response to clopidogrel with the percent inhibition 
of PRU over 30% (Fig. 3A). They included 1 patient chang-
ing the regimen from additive cilostazol to increased dose 
of clopidogrel and 4 patients from increased dose of clopi-
dogrel to additive cilostazol. The number of patients en-
rolled in the crossover study was small to be statistically 
analyzed. However, compared to the baseline, magnitude 
of change in percent inhibition of PRU and PRU showed 
an improved tendency after the crossover (from 2.7±8.7% 
to 15.8±18.4%, p=0.08, and from -18.6±58.0 to -61.9± 
84.3, p=0.08) (Fig. 3B and C).

DISCUSSION

This study demonstrated that adjunctive cilostazol was su-
perior to higher maintenance dose of clopidogrel in im-
proving responsiveness to clopidogrel in hypo-responsive 
patients to chronic dual antiplatelet therapy after DES. In 
patients who remained persistently hyporesponsive to clop-
idogrel in spite of intensified antiplatelet therapy, crossover 
treatment seems to further improve platelet inhibition.

One of the problems encountered with clopidogrel is that 
response to clopidogrel shows wide individual variability, 
and a substantial portion of patients have hyporesponsive-

Fig. 3. Data of the patients enrolled the followed crossover study. (A) Among the 12 patients enrolled crossover study, total 5 patients overcame clopido-
grel hypo-responsiveness. (B) In change in percent inhibition of PRU from baseline, the crossover data showed a tendency of overall improved platelet in-
hibition. (C) In change in PRU from baseline, the patients also showed the larger degree of platelet inhibition in trend after the crossover. PRU, P2Y12 reac-
tion units.
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life of clopidogrel and cilostazol. 
In conclusion, adjunctive cilostazol improved clopidogrel 

responsiveness better than higher maintenance dose of 
clopidogrel in hyporesponsive patients with chronic clopi-
dogrel therapy.
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