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Comparison of Triple Versus Dual Antiplatelet Therapy After
Drug-Eluting Stent Implantation (from the DECLARE–Long Trial)

Seung-Whan Lee, MD, PhDa, Seong-Wook Park, MD, PhDa,*, Young-Hak Kim, MD, PhDa,
Sung-Cheol Yun, PhDa, Duk-Woo Park, MDa, Cheol Whan Lee, MD, PhDa,

Myeong-Ki Hong, MD, PhDa, Hyun-Sook Kim, MD, PhDb, Jae-Ki Ko, MD, PhDb,
Jae-Hyeong Park, MD, PhDc, Jae-Hwan Lee, MD, PhDc, Si Wan Choi, MD, PhDc,

In-Whan Seong, MD, PhDc, Yoon Haeng Cho, MDd, Nae-Hee Lee, MDd,
June Hong Kim, MD, PhDe, Kook-Jin Chun, MD, PhDe, and Seung-Jung Park, MD, PhDa,

for the DECLARE-Long Study Investigators

To evaluate the impact of cilostazol on neointimal hyperplasia after drug-eluting stent
(DES) implantation for long coronary lesions, we performed a randomized multicenter
prospective study comparing triple antiplatelet therapy (aspirin, clopidogrel, and cilostazol;
triple group, n � 250) and dual antiplatelet therapy (aspirin and clopidogrel; standard
group, n � 250) for 6 months in patients with long lesions (>25 mm) requiring a long DES
(>32 mm). The primary end point was in-stent late loss at 6-month angiography. The 2 groups
had similar baseline clinical and angiographic characteristics. In-stent late loss (0.22 � 0.48 mm
vs 0.32 � 0.51 mm, p � 0.031) and in-segment late loss (0.34 � 0.49 mm vs 0.51 � 0.49 mm,
p � 0.001) at 6-month follow-up angiography were significantly lower in the triple group
versus the standard group. There was a trend toward lower rates of in-segment restenosis
in the triple group versus the standard group (6.7% vs 11.2%, p � 0.104). Target lesion
revascularization (TLR; 2.8% vs 6.8%, p � 0.036) and major adverse cardiac events (2.8%
vs 7.6%, p � 0.016), including death, myocardial infarction, and TLR at 9 months were
significantly lower in the triple group than in the standard group. At 9 months, the 2 groups
had similar rates of stent thrombosis (0.4% vs 0.4%, p � 0.999), death (0% vs 0.8%, p �
0.499), and myocardial infarction (0.4% vs 0.4%, p � 0.999). In conclusion, cilostazol
significantly reduced late loss at 6 months after DES implantation and the occurrence of
TLR and major adverse cardiac events in patients with long coronary lesions. © 2007

Elsevier Inc. All rights reserved. (Am J Cardiol 2007;100:1103–1108)
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ilostazol, a phosphodiesterase III inhibitor, has been
hown to reduce smooth muscle proliferation and intimal
yperplasia after endothelial injury and to reduce the rate of
estenosis after balloon angioplasty and bare metal stent
mplantation compared with aspirin and clopidogrel or ticlo-
idine.1–5 However, the impact of cilostazol on neointimal
yperplasia after drug-eluting stent (DES) implantation has
ot been tested. Despite the use of DESs, patients with long
oronary lesions remain at a higher risk of restenosis.6–11
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he restenosis after coronary stenting is primarily attributed
o neointimal hyperplasia. Therefore, to determine whether
ilostazol reduces neointimal hyperplasia after DES implan-
ation in complex coronary lesions, we performed a ran-
omized multicenter prospective study comparing triple an-
iplatelet therapy (aspirin, clopidogrel, and cilostazol)
ersus dual antiplatelet therapy (aspirin and clopidogrel) for
months in patients with long coronary lesions treated with
ES.

ethods
Patient selection: The detailed Drug-Eluting stenting

ollowed by Cilostazol treatment reduces LAte REstenosis
n patients with Long native coronary lesions (DECLARE–
ong) protocol has been published,12 including study de-
ign, organization, clinical measurement, and angiographic
easurement. This prospective randomized study involved

00 patients �18 years of age with angina pectoris and/or
ositive stress test findings and a native coronary lesion.
he study involved 5 cardiac centers in Korea between
ugust 2004 and August 2005. Angiographic eligibility for

nclusion was a target lesion with a diameter stenosis
50%, visual reference diameter �2.5 mm and length �25

m, and a planned total stent length �32 mm. Patients were

www.AJConline.org



e
d
�
v
h
p
a
�
r
s
�
(
w
p
e
l
t
t
v

h
s
e
d
t
c
t
2
e
s
f
b
a
f
P
m
t

d
s
g
d

w
u
i
m
d
d
t
c
e
p
r
b
p
[
f

n
d

d
y
t
i
w
w
a
u
o
p
a

r
c
e
2
w
o
w
w
b

n
b
s
M
a
t
e
T
l
i
r
r
(
s
i
g
I
r
a
C
a
M

L
s
s
C
m
0
5
e
u
t

1104 The American Journal of Cardiology (www.AJConline.org)
xcluded if they had (1) contraindication to aspirin, clopi-
ogrel, or cilostazol; (2) left main disease (diameter stenosis
50% by visual estimate); (3) graft vessel disease; (4) left

entricular ejection fraction �30%; (5) recent history of
ematologic disease or leukocyte count �3,000/mm3 and/or
latelet count �100,000/mm3; (6) hepatic dysfunction with
spartate aminotransferase or alanine aminotransferase level
3 times the upper normal reference limit; (7) history of

enal dysfunction or serum creatinine level �2.0 mg/dl; (8)
erious noncardiac co-morbid disease with a life expectancy
1 year; (9) planned bifurcation stenting in the side branch;

10) primary angioplasty for acute myocardial infarction
ithin 24 hours; or (11) inability to follow the protocol. In
atients with multiple lesions fulfilling the inclusion and
xclusion criteria, the operator decided on the hierarchy of
esions and declared the target lesion for each patient before
he procedure. The institutional review board at each par-
icipating center approved the protocol. All patients pro-
ided written informed consent.

Randomization and procedures: After the guidewire
ad crossed the target lesion, patients were randomly as-
igned in a 1:1 ratio to undergo implantation of a sirolimus-
luting stent or a paclitaxel-eluting stent. After DES ran-
omization, patients were randomly allocated in a 1:1 ratio
o the triple antiplatelet group (aspirin, clopidogrel, and
ilostazol; triple group, n � 250) or the dual antiplatelet
herapy group (aspirin and clopidogrel; standard group, n �
50) on the basis of a 2-by-2 factorial design using sealed
nvelopes containing a computer-generated randomization
equence. Stratified and block randomization was per-
ormed according to participation sites. From �24 hours
efore the procedure and thereafter, all patients received
spirin (200 mg/d) and clopidogrel (loading dose of 300 mg
ollowed by 75 mg/day for �6 months) for all patients.
atients in the triple group received a loading dose of 200
g cilostazol immediately after the procedure and 100 mg

wice daily for 6 months.
Coronary stenting was performed according to the stan-

ard technique.6 The decision of predilation versus direct
tenting was made by the operator. The use of intravenous
lycoprotein IIb/IIIa inhibitors was at the operators’
iscretion.

Study end point and definitions: The primary end point
as in-stent late loss at 6-month follow-up study. To eval-
ate the efficacy of study drugs, the secondary end points
ncluded 6-month angiographic outcomes, such as in-seg-
ent late loss and the rate of binary restenosis defined as a

iameter stenosis �50%, and 9-month major adverse car-
iac events including death, myocardial infarction (MI), and
arget lesion revascularization (TLR). Target vessel revas-
ularization and the rate of stent thrombosis were also
valuated. To evaluate safety of study drugs, secondary end
oints included major bleeding (i.e., intracranial bleeding
equiring surgery or transfusion of �2 U of packed red
lood cells), minor bleeding, any adverse reactions (neutro-
enia [neutrophil count �1.5 � 109/L], thrombocytopenia
thrombocyte count �100 � 109/L], skin rash, liver dys-

unction, and gastrointestinal disturbance) requiring termi- p
ation of study drugs, and incidence of drug discontinuation
uring the treatment period.

Angiographic success was defined by in-segment final
iameter stenosis �50% by quantitative angiographic anal-
sis. MI was defined by a creatine kinase MB fraction �3
imes the upper limit of normal. TLR was considered clin-
cally driven if prompted by symptoms or signs consistent
ith myocardial ischemia or if the lesion diameter stenosis
as �70% at follow-up.13 Stent thrombosis was defined as

ny of the following after the procedure: angiographic doc-
mentation of stent occlusion with or without the presence
f thrombus associated with an acute ischemic event, unex-
lained sudden death, and MI not clearly attributable to
nother coronary lesion.14,15

Follow-up: Repeat coronary angiography was routinely
ecommended at 6 months after stenting or earlier if indi-
ated by clinical symptoms or evidence of myocardial isch-
mia. Clinical follow-up was performed at 30, 90, 180, and
70 days after the index procedure. The drug compliance
as assessed using the compliance questionnaire, and lab-
ratory and clinical assessment of adverse drug side effects
as performed at every visit. All adverse clinical events
ere adjudicated by an independent events committee
linded to the treatment groups.

Quantitative coronary angiographic analysis: Coro-
ary angiograms were obtained before the procedure (i.e.,
aseline), after the procedure, and at follow-up, and were
ubmitted to the angiographic core analysis center (Asan
edical Center, Seoul, Korea) for analysis by independent

ngiographers. Digital angiograms were analyzed after in-
racoronary nitroglycerin administration using an automated
dge detection system (CASS II; Pie Medical, Maastricht,
he Netherlands). Angiographic variables included absolute

esion length, stent length, reference vessel diameter, min-
mum lumen diameter, percent diameter stenosis, binary
estenosis rate, acute gain, late loss, and the patterns of
ecurrent restenosis. Quantitative coronary angiographic
QCA) measurements of target lesions were obtained for the
tent-implanted segment only (i.e., in-stent) and the region
ncluding the stent-implanted segment as well as the mar-
ins 5 mm proximal and distal to the stent (i.e., in-segment).
n-segment late loss was calculated using the maximum
egional late loss method.16 Lesion morphology was defined
ccording to the guidelines of the American College of
ardiology and American Heart Association.17 Patterns of
ngiographic restenosis were quantitatively assessed using
ehran classification.18

Statistical analysis: On the basis of the results of the
ong-DES registry study,6 we assumed a mean �SD in-
tent late loss of 0.52 � 0.50 mm in patients treated with
tandard dual antiplatelet therapy after DES implantation.
alculation of the sample size was based on an equivalent
argin for in-stent late loss of 0.16 mm, 2-sided � level of

.05, and 90% power. Total sample size was estimated to be
00 patients (250 patients per group) for the trial on the
xpectation of 20% patient loss during angiographic follow-
p. Analyses of the 2 groups were performed according to
he intent-to-treat principle or a per-protocol basis (i.e.,

atients were analyzed as part of their assigned treatment
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roup only if they complied with the assigned antiplatelet
egimen for 6 months). Continuous variables are presented
s means � SD or medians with interquartile ranges and
ompared using Student unpaired t or Mann-Whitney U
ests. Categoric variables are presented as numbers or per-
entages and were compared using chi-square or Fisher’s
xact tests. To assess possible interaction of DES for the
rimary outcome measures, we used multiple linear regres-
ion analysis. For the primary outcome measures, adjusted
reatment effects were represented as treatment estimate
ifferences � SE. A p value �0.05 was considered to
ndicate a significant difference. Statistical analysis was
erformed using commercially available software (SPSS
ersion 11; SPSS, Inc., Chicago, Illinois).

esults
Baseline characteristics of the patients: Table 1 lists

he baseline clinical characteristics of the 2 groups. There
ere no significant differences between groups in baseline

linical characteristics and risk factors.

Procedural results and in-hospital outcomes: Table 2
ists angiographic characteristics and procedural results.
he 2 groups have similar anatomic and procedural charac-

eristics. All stents were successfully implanted, and the
ngiographic success rate was 99.2% in both groups. No
n-hospital events occurred in either group, including stent
hrombosis, Q-wave MI, emergency bypass surgery, or
eath. Procedure-related non–Q-wave MI occurred in 22
atients (8.8%) in the triple group and in 25 patients
10.0%) in the standard group (p � 0.646).

Angiographic outcomes: Baseline and postprocedural
CA outcomes for the 2 groups are listed in Table 3. The 2
roups had similar baseline and postprocedural QCA char-
cteristics. Follow-up angiography was performed in 210
atients (84.0%) in the triple group and in 205 patients

able 1
aseline clinical characteristics

ariable Triple Group
(n � 250)

Standard Group
(n � 250)

p Value

ge (yrs) 60.9 � 9.0 61.2 � 9.1 0.620
en 162 (64.8%) 159 (63.6%) 0.780
ypertension 137 (54.8%) 138 (55.2%) 0.889
iabetes mellitus 85 (34.0%) 81 (32.4%) 0.704
otal cholesterol �200 mg/dl 75 (30.0%) 71 (28.4%) 0.715
urrent smoker 94 (37.6%) 93 (37.2%) 0.649
revious percutaneous coronary

intervention
26 (10.4%) 24 (9.6%) 0.766

revious coronary artery bypass
surgery

8 (3.2%) 6 (2.4%) 0.588

linical diagnosis 0.628
Stable angina pectoris 118 (47.2%) 109 (43.6%)
Unstable angina pectoris 85 (34.0%) 91 (36.4%)

�2 wks 47 (18.8%) 50 (20.0%)
eft ventricular ejection

fraction (%)
59 � 9 58 � 9 0.080

ultivessel coronary
involvement (�2 epicardial
arteries)

167 (66.8%) 149 (59.6%) 0.095
82.0%) in the standard group (p � 0.552). Median dura- v
ions of angiographic follow-up were 188 days (interquartile
ange 177 to 203) and 186 days (interquartile range 177 to
02) for the triple and standard groups, respectively (p �
.467). Results of QCA measurements at follow-up are
isted in Table 3. In-stent and in-segment late loss were
ignificantly lower in the triple group versus the standard
roup. Late loss at the proximal edge (0.03 � 0.44 vs 0.18

0.48 mm, p � 0.003) and distal edge (�0.06 � 0.42 vs
.04 � 0.42 mm, p � 0.028) were also significantly lower
n the triple group versus the standard group. In-stent min-
mum lumen diameter was larger in the triple group than in
he standard group, which did not reach statistical signifi-
ance (p � 0.104). However, in-segment minimum lumen
iameter was significantly larger in the triple group (Figure 1).
n-stent restenosis was similar between groups, but there
as a trend toward a lower rate of in-segment restenosis in

he triple group versus the standard group (6.7% vs 11.2%,
� 0.104). Patterns of in-stent restenosis are listed in Table
. In patients with restenoses, there were similar patterns of
estenosis in the 2 groups.

DES interaction effects were not statistically significant
in-stent late loss, p � 0.894; in-segment late loss, p �
.863). Significant reductions for in-stent late loss (esti-
ated difference � SE, 0.11 � 0.05 mm, p � 0.014) and

n-segment late loss (estimated difference � SE, 0.18 �
.06 mm, p �0.001) were found after adjustment for the
ES. In patients treated with a sirolimus-eluting stent, the

riple group had less in-stent late loss (0.03 � 0.34 vs 0.15 �
.38 mm, p � 0.019) and in-segment late loss (0.15 � 0.31

able 2
ngiographic characteristics and procedural results

ariable Triple Group
(n � 250)

Standard Group
(n � 250)

p Value

ES/PES 125/125 125/125
arget lesion location 0.664
Left anterior descending 155 (62.0%) 152 (60.8%)
Left circumflex 23 (9.2%) 29 (11.6%)
Right 72 (28.8%) 69 (27.6%)
hronic total occlusion 30 (12.0%) 24 (9.6%) 0.387
stial location 36 (14.4%) 40 (16.0%) 0.618
hrombus 13 (5.2%) 16 (6.4%) 0.566
evere tortuosity 6 (2.4%) 6 (2.4%) 0.999
evere calcium 8 (3.2%) 9 (3.6%) 0.805
ifurcation (side branch

�1.5 mm)
93 (37.2%) 95 (38.0%) 0.854

aximal device diameter
(mm)

3.52 � 0.42 3.46 � 0.39 0.137

aximal inflation
pressure (atm)

15.8 � 3.6 15.3 � 3.4 0.084

se of intravascular
ultrasound

106 (42.4%) 98 (39.2%) 0.467

se of glycoprotein IIb/
IIIa inhibitor

3 (1.2%) 5 (2.0%) 0.659

redilation before stenting 245 (98.0%) 248 (99.2%) 0.450
ultivessel stenting 112 (44.8%) 93 (37.2%) 0.084

reatment of side branch
after stenting

48 (19.2%) 50 (20.0%) 0.822

o. of used stents at the
target lesion

1.49 � 0.60 1.47 � 0.60 0.769

PES � paclitaxel-eluting stent; SES � sirolimus-eluting stent.
s 0.33 � 0.41 mm, p �0.001) compared with the standard
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roup, but in-stent angiographic restenosis (1.0% vs 4.7%, p
0.212) and in-segment angiographic restenosis (1.0% vs

.7%, p � 0.119) were not statistically different between

able 3
uantitative angiographic measurements

ariable Triple Group
(n � 250)

Standard Group
(n � 250)

p Value

atient at follow-up
angiography

210 (84.0%) 205 (82.0%) 0.552

eference diameter (mm) 2.84 � 0.49 2.82 � 0.46 0.617
esion length (mm) 34.3 � 12.4 34.0 � 11.9 0.791
tented length (mm) 41.4 � 13.6 40.3 � 13.0 0.348
inimum lumen diameter (mm)

In-segment
Before procedure 0.71 � 0.48 0.69 � 0.47 0.683
After procedure 2.17 � 0.47 2.17 � 0.45 0.957
At follow-up 2.07 � 0.55 1.93 � 0.57 0.010

In-stent
After procedure 2.49 � 0.40 2.49 � 0.28 0.967
At follow-up 2.25 � 0.60 2.15 � 0.59 0.104

iameter stenosis (%)
In-segment

Before procedure 73.4 � 16.6 73.6 � 16.1 0.885
After procedure 16.6 � 12.3 15.9 � 11.1 0.499
At follow-up 24.2 � 18.6 27.1 � 18.4 0.110

In-stent
After procedure 6.1 � 17.4 6.0 � 15.0 0.963
At follow-up 18.2 � 22.3 20.8 � 22.2 0.237

cute gain, mm
In-segment 1.46 � 0.63 1.48 � 0.58 0.818
In-stent 1.78 � 0.56 1.80 � 0.52 0.740
ate loss (mm)
In-segment 0.34 � 0.49 0.51 � 0.49 0.001
In-stent 0.22 � 0.48 0.32 � 0.51 0.031
inary angiographic restenosis
In-segment 14 (6.7%) 23 (11.2%) 0.104
In-stent 13 (6.2%) 17 (8.3%) 0.408

igure 1. Cumulative distribution curve of in-segment minimal lumen
iameter before and after the procedure and at follow-up angiography. The
n-segment minimal lumen diameter in the triple group was significantly
arger than in the standard group (2.25 � 0.60 vs 1.93 � 0.57 mm, p �
.010).
roups. Similarly, in patients treated with a paclitaxel-elut- B
ng stent, the triple group had less in-stent late loss (0.39 �
.54 vs 0.50 � 0.56 mm, p � 0.164) and in-segment late
oss (0.52 � 0.56 vs 0.69 � 0.50 mm, p � 0.027) compared
ith the standard group, but in-stent angiographic restenosis

11.3% vs 12.1%, p � 0.859) and in-segment angiographic
estenosis (12.3% vs 17.2%, p � 0.321) were not statisti-
ally different between groups.

When the outcomes of patients were analyzed on a per-
rotocol basis (212 patients in the triple group and 247 in
he standard group), triple therapy was associated with sig-
ificantly smaller in-stent late loss (0.21 � 0.49 vs 0.32 �
.50 mm, p � 0.038) and in-segment late loss (0.33 � 0.48
s 0.50 � 0.49 mm, p � 0.001). However, in-stent angio-
raphic restenosis (5.7% vs 8.4%, p � 0.309) and in-
egment angiographic restenosis (6.3% vs 11.3%, p �
.084) did not differ between groups.

Clinical outcomes: A minimum 9-month clinical fol-
ow-up was performed in 246 patients (98.4%) in the triple
roup and in 248 (99.2%) in the standard group (p � 0.451).
linical outcomes at 30 days and 9 months are listed in
able 5. Two deaths (1 cardiac, 1 noncardiac) occurred in

he standard group and none occurred in the triple group
uring the study period (p � 0.499). MI occurred in 1
atient (0.4%) in the triple group and 1 patient (0.4%) in the
tandard group (p � 0.999). Stent thrombosis occurred in 1
atient in each group. Of the 2 cases of stent thrombosis, 1
as angiographically documented at 3 days after the index
rocedure and the patient was successfully treated with
epeat intervention. The other patient presented with target
essel ST-segment elevation MI and cardiogenic shock 3
onths after the index procedure. This patient died before

mergency revascularization. The rate of TLR was signifi-
antly lower in the triple group than in the standard group.
owever, the rate of target vessel revascularization did not
iffer significantly. Major adverse cardiac events (i.e.,
eath/MI/TLR) and death/MI/target vessel revascularization
t 9 months were significantly less common in the triple
roup versus the standard group. Rates of clinically driven
LR (1.6% vs 5.6%, p � 0.028) and target vessel revascu-

arization (2.8% vs 6.8%, p � 0.036) were lower in the
riple group than in the standard group.

Adverse drug side effects and compliance: No patient
xperienced major bleeding requiring transfusion (Table 6).

able 4
ngiographic patterns of restenosis

ariable* Triple Group
(n � 14)

Standard Group
(n � 23)

p Value

ocal 7 (50%) 16 (69.6%) 0.234
IA (articulation or gap) 0 0
IB (margin) 1 5
IC (focal body) 5 9
ID (multifocal) 1 2
iffuse 7 (50%) 7 (30.4%) 0.234
II (intrastent) 3 6
III (proliferative) 0 0
IV (total occlusion) 4 1

* Classified according to Mehran criteria.18
leeding episodes in both groups were ecchymoses. Skin
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ash and gastrointestinal disturbance were more common in
he triple group than in the standard group. Rates of other
dverse events, including thrombocytopenia and hepatic
ysfunction, were similar in the 2 groups. Drug discontin-
ation for adverse events and other reasons was more com-
on in the triple group (15.2%) than in the standard group

1.2%, p �0.001). The most common reasons for termina-
ion of cilostazol in the triple group were skin rash and
astrointestinal disturbance.

iscussion

he major finding of this study is that cilostazol treatment
or 6 months is associated with reduction of late loss after
ES implantation in long coronary lesions. This translates

able 5
linical outcomes at follow-up

ariable Triple Group
(n � 250)

Standard Group
(n � 250)

p Value

ollow-up at 30 days
Death 0 0 0.999
MI 1 0 0.999

Non–Q-wave 1 0
Q-wave 0 0

TLR 1 (0.4%) 0 0.999
Target vessel revascularization 1 (0.4%) 0 0.999
Major adverse cardiac event 1 (0.4%) 0 0.999
ollow-up at 9 months
Death 0 2 (0.8%) 0.499

Cardiac 0 1 (0.4%)
Non-cardiac 0 1 (0.4%)

MI 1 (0.4%) 1 (0.4%) 0.999
Non–Q-wave 1 (0.4%) 0
Q-wave 0 1 (0.4%)

TLR 7 (2.8%) 17 (6.8%) 0.036
Target vessel revascularization 9 (3.6%) 18 (7.2%) 0.075
Stent thrombosis 1 (0.4%) 1 (0.4%) 0.999

Acute 0 0
Subacute 1 (0.4%) 0
Late 0 1 (0.4%)

Death/MI/target vessel
revascularization

9 (3.6%) 20 (8.0%) 0.036

Major adverse cardiac event 7 (2.8%) 19 (7.6%) 0.016

able 6
dverse drug effects

ariable Triple Group
(n � 250)

Standard Group
(n � 250)

p Value

leeding 2 (0.8%) 4 (1.6%) 0.234
Major 0 0 0.999
Minor 2 (0.8%)* 4 (1.6%)* 0.234
ash 12 (4.8%) 3(1.2%) 0.033
astrointestinal trouble 12 (4.8%) 2 (0.8%) 0.012
hrombocytopenia 1 (0.4%) 1(0.4%) 0.999
eutropenia 0 0 0.999
epatic dysfunction 1 (0.4%) 4 (1.6%) 0.217
rug discontinuation 38(15.2%) 3 (1.2%) �0.001

* All had ecchymosis without any episode of major bleeding requiring
ransfusion during follow-up.
nto a trend toward less angiographic restenosis (p � 0.104) p
nd significant reduction of TLR and major adverse cardiac
vents.

Cilostazol is a potent oral antiplatelet agent with a rapid
nset of action that selectively inhibits phosphodiesterase
II and leads to a higher level of cyclic adenosine mono-
hosphate within platelets, thereby suppressing platelet ag-
regation. Cilostazol has been shown to have similar anti-
latelet effects as ticlopidine19,20 or clopidogrel21 and a
imilar safety profile. In addition to its antiplatelet effect,
ilostazol inhibits neointimal formation via several mecha-
isms. It increases the cyclic adenosine monophosphate
evel in vascular smooth muscle cells, which upregulates
ntioncogenes p53 and p21 and hepatocyte growth factor.
he increase in P53 protein blocks cell cycle progression
nd induces apoptosis in vascular smooth muscle cells,
eading to an antiproliferative effect. In addition, upregula-
ion of local hepatocyte growth factor stimulates the process
f reendothelization after vessel injury, resulting in inhibi-
ion of neointimal formation via inhibition of abnormal
ascular smooth muscle cell growth and improvement of
ndothelial function.22 In previous studies investigating the
mpact of cilostazol on neointimal hyperplasia, cilostazol
as proven to inhibit smooth muscle proliferation and in-

imal hyperplasia after endothelial injury and restenosis
fter balloon angioplasty or bare metal stent implantation
ompared with aspirin and clopidogrel or ticlopidine.1–5

owever, the impact of cilostazol on neointimal hyperplasia
fter DES implantation has not been tested. This study is the
rst to our knowledge to determine whether cilostazol re-
uces neointimal hyperplasia after DES implantation in
omplex lesions, especially in long coronary lesions, which
emain at a higher risk of restenosis despite the use of
ESs.6–11

We chose in-stent late loss, a surrogate of neointimal
yperplasia, as a primary end point of our study because it
eflects the efficacy of DESs and is a more reliable mea-
urement than the restenosis rate in discriminating efficacy
f a stent within a DES.23 In our study, the in-stent late loss
as significantly decreased by 33.2% (95% confidence in-

erval, 21.5% to 44.7%) with cilostazol treatment. In addi-
ion, we found that in-stent late loss was decreased in
atients assigned to undergo triple therapy in the sirolimus-
luting stent or paclitaxel-eluting stent groups. These find-
ngs were also observed in the Cilostazol for Restenosis
rial (CREST),4 in which cilostazol was associated with a
ignificant 14.2% reduction of in-stent late loss after bare metal
tent implantation. The difference in relative reduction of in-
tent late loss between the present study and CREST4 is a
esult of the degree of in-stent late loss in the control group,
ut absolute reductions of in-stent late loss were 0.11 and
.15 mm, respectively. These findings suggest that cilosta-
ol effectively suppresses neointimal hyperplasia and im-
roves the efficacy of DESs.

Interestingly, in the proximal and distal edges, we
chieved significant reduction of late loss with cilostazol
reatment, resulting in greater absolute reduction in in-seg-
ent late loss (0.17 mm) than in in-stent late loss (0.11
m), findings consistent with those of CREST (0.18 mm

nd 0.15 mm, respectively).4 In-segment loss is another key
easure of DES performance. Therefore, significant sup-
ression of late lumen loss by cilostazol may ensure im-
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roved clinical and angiographic restenosis. In this study,
n-segment restenosis occurred in 6.7% of patients in the
riple group and in 11.2% in the standard group, a 40.2%
elative risk reduction that did not reach significance (p �
.104) mainly because of the low incidence of restenosis
fter DES implantation and insufficient statistical power to
etect the difference in restenosis. However, we found that
he reduction of late loss in the triple group brought about a
ignificant reduction in 9-month TLR (2.8% vs 6.8%, p �
.036), which supported the formal predictive model that
ate loss is positively correlated with TLR.16,23 Furthermore,
s a result of the reduced need of TLR, the incidences of
-month major adverse cardiac events and death/MI/target
essel revascularization were also significantly lower in the
riple group than in the standard group.

The present study has several limitations. First, despite
ts prospective, randomized design, this study was open
abel in design. To compensate for this limitation, serial
CA analysis and assessment of outcomes were performed

n a blinded manner. Second, there was another possible
ias associated with clinical decision related to TLR by
perators, but this limitation might be offset by ischemia-
riven TLR. Third, our use of routine 6-month angiography
ay have resulted in an underestimation of the rates of

estenosis and TLR compared with a study with a longer
ngiographic follow-up period.
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