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Abstract

Background—Patients undergoing percutaneous coronary intervention (PCI) react differently to 
antiplatelet drugs. Those with low responsiveness to clopidogrel have a higher risk of cardiac 
ischemic events. The goal of this study is to conduct a head-to-head comparison of the safety and 
effectiveness of intensified antiplatelet therapies (either double-dose clopidogrel [DOUBLE] or 
adjunctive cilostazol [TRIPLE]) and conventional strategy (STANDARD) in post-PCI patients.
Methods—In this single-center, randomized, controlled trial, we used thromboelastography 
(TEG), a platelet function test, to select 1078 PCI patients at high thrombotic risk and compared 
the intensified antiplatelet therapies with standard antiplatelet therapy. The primary outcome was 
the incidence of major adverse cardiac and cerebrovascular events at 18 months post-PCI, 
defined as a composite of all-cause death, myocardial infarction, target vessel revascularization 
or stroke. Bleeding Academic Research Consortium (BARC) defined bleeding complications 
(types 1, 2, 3, or 5) were the safety endpoints.
Results—The primary endpoint occurred in 52 patients (14.4%) in STANDARD group, 38 
patients (10.6%) in DOUBLE group and 30 patients (8.5%) in TRIPLE group (HR: 0.720, 
95%CI: 0.474-1.094, DOUBLE vs. STANDARD; HR: 0.550, 95%CI: 0.349-0.866, TRIPLE vs. 
STANDARD). No significant difference in the rates of major bleeding (BARC grade≥3) was 
found in DOUBLE group (3.34% vs. 1.93% in STANDARD, P=0.133) and TRIPLE group 
(2.53% vs 1.93% in STANDARD, P=0.240). The rate of BARC-defined minor bleeding 
increased in DOUBLE group (27.4% vs. 20.3% in STANDARD, P=0.031), but not in TRIPLE 
group (23.6% vs. 20.3% in STANDARD, P=0.146). 
Conclusions—In patients with low responsiveness to clopidogrel, as measured by 
thromboelastography, the intensified antiplatelet strategies with adjunctive use of cilostazol 
significantly improved the clinical outcomes without increasing the risk of major bleeding. 
Decreased trend of negative outcomes could be observed in patients with double dosage of 
clopidogrel, but the difference was not significant.
Clinical Trial Registration—URL: http://www.clinicaltrials.gov Unique Identifier: 
NCT01779401.

Key Words: anti-platelet, platelet function, high post-treatment platelet reactivity, cilostazol 

STANDARD). No significant difference in the rates of major bleeding (BARC grade≥e≥ee 3) was 
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Clinical Perspective

What is new?

In PCI patients with low responsiveness to clopidogrel, defined by platelet function test, 

adjunctive use of cilostazol to dual anti-platelet therapy could significantly reduce ischemic 

adverse events without increasing the risk of major bleeding.

Although both intensified anti-platelet strategies (double-dose clopidogrel and adjunctive 

cilostazol) achieved increased platelet inhibition, only the triple strategy with adjunctive use 

of cilostazol significantly reduced adverse events in long-term follow-up.

No increased rate of major bleeding with intensified antiplatelet therapy (double-dose 

clopidogrel and adjunctive cilostazol) in patients with high post-treatment platelet reactivity 

was observed.

What are the clinical implications?

Although high post-treatment platelet reactivity is associated with increases adverse events, 

simply intensified P2Y12 inhibitor treatment might not improve clinical outcomes.

As a selective reversible phosphodiesterase type 3 inhibitor, cilostazol owns unique 

antithrombotic and vasodilatory properties, which contribute to the improvement of clinical 

outcomes. 

clopidogrel and adjunctive cilostazol) in patients with high post-treatment plateleleleleleleleleleteeeeeeee  rerer actitt vity 

was observed.
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Introduction

In the drug-eluting stent era, the prevention of ischemic events is a major challenge for the 

treatment of patients who have received percutaneous coronary intervention (PCI).1, 2 Dual anti-

platelet therapy (DAPT) with aspirin and a kind of P2Y12-inhibitor has been recommended by 

guidelines to prevent thrombotic complications.3, 4 However, the anti-platelet effect of the most 

widely used P2Y12 receptor inhibitor, clopidogrel, is hampered by the slow and variable 

transformation of the prodrug to the active metabolite.5 Clopidogrel needs to undergo a two-step 

metabolic transformation before binding to the platelet P2Y12 ADP receptor. This conversion 

procedure is regulated by the CYP450 system which presents genetic poly-morphisms in

different populations, partly determining the extent to which clopidogrel inhibits ADP-induced 

platelet activation.5-7 Post-PCI patients who have a low response, or are even nonresponsive to 

clopidogrel have an increased risk of ischemic events as compared to normal responders.8-11

Nowadays, low responsiveness to clopidogrel is mainly identified through the platelet 

function test. Previous cohort studies and meta-analyses have largely suggested that patients with 

high post-treatment platelet reactivity, as measured by platelet function tests, are at an increased 

risk of adverse events after PCI; despite this, the current post-PCI antiplatelet therapy remains a 

standardized DAPT strategy in most clinical settings. In recent years, pilot studies have explored

new post-PCI antiplatelet strategies in patients with high post-treatment platelet reactivity,

including the addition of cilostazol to dual antiplatelet therapy12, 13 and doubling the dosage of 

clopidogrel.14, 15 In addition, an increasing body of data suggests that East Asian patients have 

different risk profiles for both thrombophilia and bleeding compared with white patients, and that 

procedure is regulated by the CYP450 system which presents genetic poly-morphihihihihihismsmmmmmssssss inininininini

different populations, partly determining the extent to which clopidogrel inhibits ADP-induced 

plateleleleleleleletetetetetetet activivivivvvvatatatatatatatioioioiioioion.5-7 Post-PCI patients who have aa low response,,,, ooooor arrreee even nonresponsive to 

cloppppoppiiidiii ogrel havevevevevevee anaanan incncncncccrer asssedededededd risk of iscscchemiccc eeeevenenents asasasasasasas ccccccomomomomomommpppap reeeeddd d to nonoormmmmmmal respooooooonnnndnn ereererrs.8-11
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a different ‘therapeutic window’ of post-treatment platelet reactivity might be appropriate in East 

Asian patients.16, 17 Just as stated in the Word Heart Federation expert consensus on antiplatelet 

therapy in East Asian patients18, at present, few randomized data on the efficacy and safety of 

P2Y12 receptor inhibitors for the treatment of East Asian patients with ACS or undergoing PCI, 

other than those from the COMMIT trial19, have been published.

Several pilot trials have shown the salutary effects of double-dosage clopidogrel and triple 

antiplatelet therapies in East-Asian patients. However, head-to-head comparison of intensified 

anti-platelet strategies against standard DAPT on long-term outcomes still needs to be further 

investigated. The present study used thromboelastography (TEG), a method of platelet function

testing, to select post-PCI patients with low responsiveness to clopidogrel, and compared the

clinical outcomes of post-PCI patients who received intensified antiplatelet therapy versus 

standard DAPT.

Methods

The data, analytic methods, and study materials will not be made available immediately to other 

researchers for purposes of reproducing the results or replicating the procedure. The reason for 

the lack of availability is that we have signed an agreement with the sponsor to restrict approach 

to study data, and the access must be agreed by both investigator and sponsor. Request to get 

these materials can be sent to the corresponding author, and we will provide them to vetted and 

qualified applicants. 

nvestigated. The present study used thromboelastography (TEG), a method of pllllllaatataaa eleeeee etetetetetet fffffffununununununctctctctctctioioioioioionnnnnn

esting, to select post-PCI patients with low responsiveness to clopidogrel, and compared the

cliniciciciciciccalalalalalal outcoooooommmmmemem s ooof post-PCI patients who receivvveed intensified ananananntiplatatateelet therapy versus 

tannnnnndddaddd rd DAPTTTTTT..
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Study Design

The CREATIVE (Clopidogrel Response Evaluation and AnTi-platelet InterVEntion in High 

Thrombotic Risk PCI Patients) trial is a single-center, randomized, open-label trial conducted at 

Fuwai Hospital, the National Center for Cardiovascular Diseases of China. The details of the 

design have been registered on clinicaltrials.org. The study disposition is shown in Figure 1 and 

the screening process is shown in supplemental Figure 1. In brief, a total of 9741 post-PCI 

patients underwent TEG test to evaluate post-treatment platelet reactivity, and of them, 1078 PCI 

patients with low-responsiveness to clopidogrel were randomized into three groups utilizing 

different anti-platelet strategies after signing informed consent: standard antiplatelet therapy 

(clopidogrel 75mg daily plus aspirin 100mg daily, the STANDARD group), double-dose 

clopidogrel (clopidogrel 150mg daily plus aspirin 100mg daily, the DOUBLE group) and 

adjunctive use of cilostazol (cilostazol 100mg twice per day plus DAPT, the TRIPLE group). The 

data were independently managed by a contract research organization (PAREXEL International 

Corp., US). The primary data analysis was performed by the investigators with cooperation from 

the Medical Research & Biometrics Center of Fuwai Hospital. The corresponding author had full 

access to all data in the study and held final responsibility for the decision to submit for 

publication. The study was approved by the institutional ethics committee, and all participants 

provided written informed consent. All authors vouch for the accuracy and completeness of the 

data and analyses.

Study Patients

Participants were 18 years of age or older and had at least one clinically significant stenotic 

different anti-platelet strategies after signing informed consent: standard antiplateeeeeelelelelll t ttttt ththththththererererererapapapapapapy y y y y y 

clopidogrel 75mg daily plus aspirin 100mg daily, yy the STANDARD group), double-dose 

cloppppppidididididididoooogoo rell (c(c(c(c(c(cclololololololopip doddodogrel 150mg daily plus aspirin 11100mg daily, yy thhhheee e DOOOUUUBU LE group) and 

adjujuuuuunnnncnn tive use ooooooof ciccicilossststaaaaza ol (c(c(c(c(c(cilostazol 11100mg g ttwtwwiceee pepepepepeperrrrrr dadadadadadayyyyyyy pppplp us DDDAD PTPPTT, ththththththe TRIPPPLLLELELLLE ggggroup)... TTThT e

ddadadattatata wwweeererereee inininndedededded epepepe dndndddeenene ttltlyy y mamamanananagegegedd d bybybybbb aaa ccconono trtrtracacactt tt erereereseseesearararchchch ooorgrgrganananiziiiz tttatatatioioonn (P(P(PP(PARARARARRREXEXEXEEEE ELELELLLL IIII tntntnteeererernananatitititionononalallal 
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lesion amenable to PCI. All index PCI patients received loading doses of 300 to 600 mg 

clopidogrel or maintaining clopidogrel treatment ≥ 5 days before the TEG screening to discover 

(1) if ADP-induced platelet-fibrin clot strength (MAADP) was > 47 mm, and (2) if ADP-induced 

platelet inhibition rate (IR) was < 50% (which would indicate low responsiveness to clopidogrel 

and a high risk for ischemic events)20. Major exclusion criteria include: symptoms of severe 

heart failure (NYHA Class III and above) or left ventricular ejection fraction < 40% (ultrasound 

or left ventricle angiography); severely impaired renal function before procedure (serum 

creatinine > 2.0mg/dl); bleeding tendency, a history of active peptic ulcers, a history of cerebral 

hemorrhage or cavum subarachnoidale bleeding; patients with antiplatelet agent and 

anticoagulant treatment contraindications (who hence are unable to undergo antithrombotic 

therapy); patients who are unable to withstand dual antiplatelet therapy due to allergies to aspirin, 

clopidogrel or cilostazol, heparin, contrast agents, paclitaxel and metals; patients who plan to 

undergo coronary artery bypass grafting or other surgery within 1.5 years.  

Platelet function test and CYP2C19 genotyping

Blood samples for platelet function test were obtained at 18-24 hours post-PCI and were handled 

in 2 hours since blood draw according to standard operating procedure. Reexamination of 

platelet function was performed at 3-6 month after PCI during the maintenance of antiplatelet 

therapy. The median time interval between the last-dose administration of anti-platelet drugs and 

blood sampling was 168 minutes (interquartile range, 97 to 230) during hospitalization, and was 

275 minutes (interquartile range, 148 to 327) at 3-6 months follow-up. Thromboelastography 

technology is described elsewhere.8 In brief, blood was collected in an evacuated vacuum tube 

hemorrhage or cavum subarachnoidale bleeding; patients with antiplatelet agent anananananand ddddd

anticoagulant treatment contraindications (who hence are unable to undergo antithrombotic

herapapapapapapapyyyyyy)))))); patttttatatieieieieieieienntnnnnn s whww o are unable to withstand dualalal antiplatelet thehehheerapyyy due to allergies to aspirin

cloopipipipipipidogrel or ciciciciiiiloooossstazzzzooooloo , heeeeeeeppppapp rin, contrtraaast ageeeeennnnts,,, pppaclclllllititititititi axaxaxaxaxaxelelelelelelel aaaand mmmmetallls; pppppaaaataa ients whwhwhwhwhwhhooo pplpp an toooo 

ununu dedededergrggooo cococorororoonanaaryryry aaa trtrteeerere yy y bbybybypapapassssss gggrararafftftftiining gg ororo oooththththththerereee  sususurgrggeererere yy y wiwiwiiiithhththhthhininin 1111.5.5.5 yyyeeeaeaearrrsss...
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containing 3.2% trisodium citrate and lithium heparin at least six hours after the patient had 

taken the clopidogrel dose. Modified TEG uses 4 channels to detect the effects of antiplatelet 

therapy action via the arachidonic acid (AA) and ADP pathways. The TEG Hemostasis Analyzer 

(Haemonetics Corp, Braintree, MA, USA) and automated analytical software were used to 

measure the physical properties. Low responsiveness to clopidogrel was defined as an ADP-

induced platelet-fibrin clot strength (MAADP) > 47 mm plus an ADP-induced platelet inhibition 

rate (IR) < 50%. The criteria of MAADP > 47 mm were derived from previously published long-

term observational studies.20, 21 The criteria of ADP-induced platelet IR < 50% was defined in the 

product manual of TEG mapping and was tested in our pilot trial.

CYP2C19*2 and *3 were genotyped by sequencing in central laboratory of Fuwai Hospital. 

The operating procedure was according to the CYP2C19*2 and *3 Gene Detection Kit 

instructions (Beijing SinoMDgene Technology Co., Ltd), which was performed on an ABI 

3500xL Dx DNA Analyzer (Applied Biosystems, Foster City, CA, USA). Genotypes were called 

independently by two professionals, 5% of which were verified by resequencing. CYP2C19*2 

and *3 alleles were defined as “LOF” alleles. Patients without allele of *2 or *3 (i.e. *1/*1) were 

defined as “extensive metabolizers (EM)”, those with single *2 or *3 allele (i.e. *1/*2 or *1/*3) 

were defined as “intermediate metabolizers (IM)”, and those with two *2 or *3 alleles (i.e. *2/*2, 

*2/*3 or *3/*3) were defined as “poor metabolizers (PM)”.

Study treatment and follow-up.

Eligible post-PCI patients with low-responsiveness to clopidogrel were randomly assigned to a 

strategy of anti-platelet therapy. The randomization was conducted centrally with the use of an 

product manual of TEG mapping and was tested in our pilot trial.

CYP2C19*2 and *3 were genotyped by sequencing in central laboratory of Fuwai Hospital.

The opopopopopopopere atininnng g g g g g g ppppprprp occcceeedure was according to the CYPYPYP2C19*2 and ****3333 Genenenee Detection Kit 

nsttttsttrururuuruuctions (BeBBeBeBeijiiiiii innnngg SSSiSinnnnonn MDMDMDMDMDMDMDgene Technhnnologyyy y Cooo., LLtdtdtdtdtdtdd),),),),),), wwwwwwhhhihhhh cchc wwwwwas pererrfooooorrrmrrr ed onnn n nnn ananananaaa AAAAAABI 

3535353500000000 LLxLxLLxLL DDxx DNDNDNDDNDD AAA A AAAnAnA alala yzyzy eererer ((((AAAApApApplplp ieieieeeedddd d BiBiBiosososysysystetetetetetemsmss,,, FoFoFFo ttstststteererere CCCitititititity,y,y, CCCCCCAAA,A,AA, UUUUUSAASASAASA)).).). GGGGGGeeenenene ototo ypypypeeseses wwweerere eeee cacacalllllllledeededed
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interactive voice-response system. Participants received different anti-platelet therapies for 1 

year: standard antiplatelet therapy (clopidogrel 75mg daily plus aspirin 100mg daily, the 

STANDARD group), double-dose clopidogrel (clopidogrel 150mg daily plus aspirin 100mg 

daily, the DOUBLE group) and adjunctive use of cilostazol (cilostazol 100mg twice per day plus 

DAPT, the TRIPLE group). Clinical and telephone follow-up was conducted on Day 30 and 

Months 3, 6, 9, 12 and 18 to monitor the primary and secondary endpoints. 

Study endpoints

The primary endpoint was major adverse cardiovascular and cerebrovascular events (MACCE, a 

composite of all-cause death, myocardial infarction, target vessel revascularization and 

cerebrovascular events). The secondary endpoints were major adverse cardiovascular events 

(MACE, a composite of all-cause death, myocardial infarction, and target vessel 

revascularization) and net adverse clinical and cerebral events (NACCE, a composite of all-cause 

death, all MI, stroke, and major bleeding). Other efficacy endpoints include Academic Research 

Consortium (ARC) defined stent thrombosis22, platelet function, and quality of life (Seattle 

Angina Questionnaire). Major bleeding was defined as Bleeding Academic Research Consortium 

(BARC) type≥3 bleeding.23 Myocardial infarction was defined in accordance with the universal 

definition proposed in 2007. Evaluation for stent thrombosis was performed according to the 

ARC criteria. Stroke was defined as focal loss of neurologic function caused by an ischemic or 

hemorrhagic event, with residual symptoms lasting at least 24 hours or leading to death.

Statistical analysis

The research hypothesis for this study is that the MACCE incidence rate can be significantly 

composite of all-cause death, myocardial infarction, target vessel revascularizationononononon aaaaaandndndndndnd 

cerebrovascular events). The secondary endpoints were major adverse cardiovascular events 

MACACACACACACACEEEEEE,E  a comomomomomommpopppppp sissisite of all-cause death, myocardiaiaial infarction, annnnddd d targrgrgget vessel 
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reduced in the trial group as compared to the control group. At the initiation of study design, no 

exact evidence comparing the effectiveness of TRIPLE and DOUBLE was available. Both 

intensified strategies showed potential effects to reduce high post-treatment platelet reactivity 

after PCI,24, 25 so we assumed that they had same capability to reduce MACCE. The MACCE 

incidence rate of the control group in this study was forecasted at 15%,7 and the intensified 

antiplatelet therapies applied in the trial group were forecasted to reduce the MACCE incidence 

in the 18 month follow-up period to 8% (the two strategies were both capable of reaching this 

level separately).24, 25 The sample size was calculated with the minimum meaningful effect size. 

At a two-sided alpha level of 5% and a beta error of 20%, each group is required to recruit 325 

patients based on superiority assumption. Assuming an attrition rate of about 5%, 350 patients 

would be needed in each group in the study. 

In this study, analysis was conducted based on ITT principles, and all patients who 

participated in the randomized study and received treatment will be included in the analysis. All 

continuous variables are presented as mean ± SD, and analysis of variance was used to compare 

means across multiple groups. Non-continuous and categorical variables are presented as 

frequencies or percentages and were compared using the Chi-square test. The continuity-adjusted 

Chi-square test was used for the comparison of primary endpoint. The absolute differences on 

MACCE between groups and the corresponding 95% confidence intervals would be reported. 

The Kaplan–Meier curve method was used to calculate time to clinical endpoints, and the log-

rank test was used to compare the survival curves. The Cox proportional hazards model was 

further applied to estimate the hazard ratios, and the proportional hazards assumptions were 

At a two-sided alpha level of 5% and a beta error of 20%, each group is required totototott rrececececececrurururururuiiiiiit t t tt t 323232323232555555

patients based on superiority assumption. Assuming an attrition rate of about 5%, 350 patients 

woulululululululd d d d d d bebebebebebe neeeeeeedededededededed iniinin each group in the study. 
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tested by log minus log plot. Data from all patients were censored at the date of the last available 

information. Unless otherwise specified, a 2-sided P value <0.05 was considered to indicate 

statistical significance. Statistical analysis was performed using SAS software version 9.1.3 

(SAS Institute, Cary, NC).

Results

Baseline characteristics of study patients.

From December 2012 to through March 2015, we recruited 1078 patients, of whom 362 were 

assigned to the STANDARD group, 359 to the DOUBLE group and 355 to the TRIPLE group. 

The follow-up period ended in September 2016, when information on vital status was available 

for all patients except six. Baseline characteristics of the ITT-analysis population were well 

balanced among the three groups (Table 1). Most of the non-study medications and PCI 

procedures were also well matched except for the use of proton pump inhibitors (11.3% in 

STANDARD, 8.1% in DOUBLE, and 9.9% in TRIPLE, P=0.028; Table 2). The transradial 

approach was used in 94.4%, 94.2% and 93.5% of patients in the three groups, respectively 

(P=0.635); total stent lengths per patient were 31.86±16.89mm, 32.79±18.66mm and 

31.71±17.16mm, respectively, (P=0.672). 

Clinical outcomes.

The primary endpoint of MACCE events at 18 month post-PCI (defined as a composite of all-

cause death, myocardial infarction, target vessel revascularization or stroke) occurred in 52 

patients (14.4%) in the STANDARD group, 38 patients (10.6%) in the DOUBLE group, and 30 

assigned to the STANDARD group, 359 to the DOUBLE group and 355 to the TRRRRRRRIPPPPPIPLELELELELELE gggggggrorororororoupupupupupup......

The follow-up period ended in September 2016, when information on vital status was available

for alalalalalalall ll l l l ppppapp tiennnnnntstststststss eeeeeeexcccceeepe t six. Baseline characteristicsss ooof the ITT-TT anaallyyysy is pppooopo ulation were well
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patients (8.5%) in the TRIPLE group (Table 3). Absolute difference in 18-month MACCE rates 

between the TRIPLE and STANDARD groups was -5.9% (95% confidence interval [CI]: -8.8% 

to -1.4%), demonstrating the superiority of the TRIPLE strategy over standard DAPT. Regarding 

the DOUBLE group, there was no significant difference compared with the STANDARD group 

(absolute difference = -3.8%; 95%CI, -7.2 to 1.3). Figure 2 shows the cumulative Kaplan-Meier 

estimates of MACCE and BARC-defined major bleeding. The risks of cardiac death, nonfatal 

MI, target vessel revascularization, and stroke did not differ significantly among the three groups 

(see Figure 3, Table 3). Significantly decreased risk of secondary endpoints, include MACE 

(hazard ratio [HR]: 0.506, 95%CI: 0.306-0.836) and NACCE (HR: 0.584, 95%CI: 0.353-0.967), 

could also be detected in the TRIPLE group as compared to the STANDARD group (see Figure 

3, Table 3). Again, the DOUBLE strategy did not show significant difference with respect to 

MACE or NACCE. 

The 12-month landmark analysis of clinical outcomes is shown in supplemental Table 1. 

The incidence rates of MACCE at 12 month were 13.0% in the STANDARD group, 9.7% in the 

DOUBLE group and 6.8% in the TRIPLE group. Absolute difference in 12-month MACCE rates 

between TRIPLE and STANDARD was -6.2% (95%CI: -8.8% to -2.2%). The DOUBLE group 

did not show significant difference compared with the STANDARD group (absolute difference = 

-3.3%; 95%CI, -6.5 to 1.7). The risks of cardiac death, nonfatal MI, target vessel 

revascularization, stroke and BARC-defined major bleeding did not differ significantly among 

the three groups. Significant decreased risk of MACE and NACCE could be detected in TRIPLE 

group, but not in DOUBLE group.

hazard ratio [HR]: 0.506, 95%CI: 0.306-0.836) and NACCE (HR: 0.584, 95%CIIIIII:::::: 0.00000 35353535353 3333333--0.0.0.0.0.0.9696969696967)7)7)7)7)7),,,,,,

could also be detected in the TRIPLE group as compared to the STANDARD group (see Figure 

3, Taaaaaablblblblblblb eeeeee 3). AgAgAgAgAgAgAgaiaaaaaa n, ttttht e DOUBLE strategy did not shhhow significannnnt difffferererrence with respect to 

MAAAAAACCCECCC or NACCCCCCCCCCCCCE.EE.E.
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Definite or probable stent thrombosis≤12 months occurred in 6 patients (1.66%) in the 

STANDARD group, 2 patients (0.56%) in the DOUBLE group, and 4 patients (1.13%) in the 

TRIPLE group (log-rank P=0.32), as shown in supplemental Table 2 and Table 4. All stent 

thrombosis cases occurred within 8 months from the index procedure while the patients were 

taking clopidogrel; 7 cases occurred within 30 days of PCI. There were no new definite or 

probable stent thrombosis between the 12 to 18 month period of the follow-up (see Table 4). All 

the above results were consistent in the “as treated” analysis.

Bleeding

The rates of BARC-defined major bleeding were similar in the three groups (3.34% vs. 1.93%, 

P=0.133, DOUBLE vs. STANDARD; 2.53% vs 1.93%, P=0.240, TRIPLE vs. STANDARD; see 

Figure 2). The rate of BARC-defined minor bleeding increased in the DOUBLE group (27.4% 

vs. 20.3% in STANDARD, P=0.031), but not in the TRIPLE group (23.6% vs. 20.3% in 

STANDARD, P=0.146). The absence of a significant difference in BARC-defined major 

bleeding was consistent at the 12 month landmark analysis (supplemental Table 1).

Compliance with study regimen

Premature discontinuation of the study drugs was more common in the DOUBLE group and the 

TRIPLE group than in the STANDARD group (22.5% vs. 14.5%, P=0.018; 26.1% vs. 14.5%, 

P=0.007). The median duration of exposure to double-dosage of clopidogrel was 281 days 

(interquartile range, 149 to 365); the median duration of exposure to cilostazol was 246 days 

(interquartile range, 109 to 365). Drug-related adverse events were the major reason for 

discontinuation of medication in TRIPLE group, including namely headache (n=29), followed by 

The rates of BARC-defined major bleeding were similar in the three groups (3.34%4%4%4%4%4% vvvvvvssss.ss. 1111111.9.9.9.9.9.9333333%,%,%,%,%,%,  

P=0.133, DOUBLE vs. STANDARD; 2.53% vs 1.93%, P=0.240, TRIPLE vs. STANDARD; see 

Figuuuuuurerererereree 222222)). TTTTThehehehehehehe rrrrrrrate eee of BARC-defined minor bleeddid nnng increased innnn tthe DODD UBLE group (27.4% 
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easy bruisability or bleeding (n=27), tachycardia (n=18), and gastrointestinal side effects (n=14). 

In the DOUBLE group, the major reasons for discontinuation were easy bruisability or bleeding 

(n=35), gastrointestinal side effects (n=19) and drug expenditure (n=16). 

Platelet function test and genotype test.

As shown in Figure 4, the changes of MAADP and platelet IR between the baseline and the 3-6 

month follow-up were significant in the DOUBLE group (11.33±10.53 vs 18.14±18.53, P=0.018; 

57.2±5.9 vs 49.9±11.0, P=0.015) and the TRIPLE group (14.08±11.06 vs 21.65±25.23, P=0.006; 

54.8±6.3 vs 48.2±12.4, P=0.033), but not in the STANDARD group (14.72±10.62 vs 

15.32±17.43, P=0.325; 53.6±4.1 vs 51.8±8.5, P=0.472). Changes between the DOUBLE and 

TRIPLE groups were similar (P=0.308). The clopidogrel metabolism enzyme CYP2C19 

genotype was tested in about 65% of all participants (total number is 700; 216 in the 

STANDARD group, 245 in the DOUBLE group, and 239 in TRIPLE group). There were 112 

patients (16%) without allele of *2 or *3 (i.e. *1/*1). The defined intermediate metabolizers (i.e. 

*1/*2 or *1/*3) were 329 patients (47%) and the defined poor metabolizers (i.e. *2/*2, *2/*3 or 

*3/*3) were 259 patients (37%). The distributions of different genotypes in the three groups were 

similar (see Figure 4C). 

Discussion

The CREATIVE trial demonstrated that the adjunctive use of cilostazol as compared to standard 

DAPT in patients with low-responsiveness to clopidogrel can significantly reduce the rate of 

MACCE, a composite of all-cause death, myocardial infarction, target vessel revascularization or 

15.32±17.43, P=0.325; 53.6±4.1 vs 51.8±8.5, P=0.472). Changes between the DOOOOOOUBUBUBUBUBUBLELELELELELEE aaaaaandndndndndnd  

TRIPLE groups were similar (P=0.308). The clopidogrel metabolism enzyme CYP2C19 
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stroke. A similar benefit was also seen for the reduction of MACE and NACCE. In addition, the 

beneficial effects of the triple anti-platelet strategy were achieved without a significantly 

increased risk of major bleeding. Although the double-dosage clopidogrel strategy showed a 

trend of reduced MACCE rates, it did not achieve significant improvement of clinical outcomes.

In dual antiplatelet therapy with aspirin and P2Y12 inhibitor, the evaluation of antiplatelet 

therapies has been largely focused on reducing ischemic event occurrence (efficacy). However, 

bleeding (safety) has also been a heightened risk with the emergence of more potent antiplatelet 

drugs and strategies. The balance between the risk reduction in ischemic events and the risk 

increase in bleeding events has attracted much attention in recent years, leading to the 

introduction of the novel clinical composite endpoint “net adverse clinical events”. Accordingly, 

the present study did not only focus on the efficacy of intensive antiplatelet therapy, but also paid 

attention to the safety. 

Low responsiveness to clopidogrel is mainly identified through platelet function testing11, 21

Platelet aggregation analysis using light transmittance aggregometry (LTA) and 

thromboelastography (TEG) are the two main platelet function testing methods used in clinical 

settings in China. Although LTA platelet aggregation measurement is presently the most popular 

clinical test method, it requires a larger blood sample and is time consuming and complicated26;

moreover, the agonist type and concentration differ from laboratory to laboratory, making it 

difficult to compare test results. 27 TEG has gained popularity in recent years; it is able to 

measure the quantitative platelet inhibition rate to determine low responsiveness to clopidogrel 

and aspirin8. Nowadays there is no “gold standard” for platelet function testing. Aside from

ncrease in bleeding events has attracted much attention in recent years, leading toooooo tttttthehehehehehe 

ntroduction of the novel clinical composite endpoint “net adverse clinical events”. Accordingly, 
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TEG, there are also other methods of platelet function testing, such as VerifyNow, vasodilator-

stimulated phosphoprotein (VASP) phosphorylation analysis, and Multiplate measurement.

VerifyNow evaluates the combination of both platelet activation and aggregation, while VASP 

measurements only reflect the potential for platelet activation. The Multiplate measurement is 

based on the combination of platelet activation and adhesion of activated platelets to a foreign 

surface. Despite these differences and the lack of standardization, each method correlates 

significantly with P2Y12 inhibitor active metabolite concentrations, with the highest correlations 

reported for VerifyNow PRU, TEG and VASP; weaker correlations were reported for LTA and 

Multiplate. High on-treatment platelet reactivity (HOPR) as defined by each method has been 

significantly associated with an increased occurrence of thrombotic and ischemic events after

PCI in high-risk patients. 

Patients with low responsiveness to clopidogrel suffer at a high rate from stent thrombosis 

and cardiac ischemic events after PCI procedures than normal responders.10, 11 So far, the 

ADAPT-DES trial has been the largest scale registry examining the relationship between platelet 

reactivity and stent thrombosis after drug-eluting stent implantation. In this prospective, 

multicenter population, those with high on-treatment platelet reactivity had a 3-fold adjusted 

hazard for the occurrence of 30-day stent thrombosis.10 In 2010, Gurbel PA et al. published a 

long-term observational study and reported that ADP inhibition rate (borderline value of 50.9%) 

and MA ADP (borderline value of 46.6mm) are excellent indicators of platelet dysfunction and 

low responsiveness to clopidogrel.20 In our study, we combined these two indicators, defining a 

patient with an ADP inhibition rate of < 50% and a MA ADP of > 47mm to be at high thrombotic 

Multiplate. High on-treatment platelet reactivity (HOPR) as defined by each methhhhhhodododododod hhhhhhasasasasasas  bebebebebebeenenenenenenen  

ignificantly associated with an increased occurrence of thrombotic and ischemic events after
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risk. Previous studies have reported that 20-25% of PCI patients have low responsiveness to 

clopidogrel.18, 28, 29 Several factors (e.g., age, BMI, diabetes, chronic kidney disease, congestive 

heart failure, drug-drug interaction, the CYP2C19 variant) have been suggested to determine 

clopidogrel response.30-32

Remarkably, the Asian population has almost twice the prevalence of the CYP2C19 loss of 

function (LOF) genotype as compared to the Caucasian population, thus contributing to the high 

prevalence of low-responsiveness to clopidogrel in Asians.29 In our study, more than 60% of 

patients (low responsiveness to clopidogrel) had the mutant allele of CYP2C19. However, few 

East Asian patients have been included in the trials to assess the use of CYP2C19 receptor 

inhibitor agents, particularly the potent agents prasugrel and ticagrelor. Additionally, an 

increasing body of data suggests that East Asian patients have differing risk profiles for both 

thrombophilia and bleeding compared with white patients, and that a different ‘therapeutic 

window’ of on treatment platelet reactivity might be appropriate in East Asian patients. 

Deficient data specific to East Asian patients are available to demonstrate the superiority of 

intensified antiplatelet therapy over conventional strategy, which is the initial aim of CREATIVE 

study.

The current post-PCI antiplatelet therapy remains a standardized strategy, although clinical 

evidence has indicated that MACCE incidence is higher in patients with low responsiveness to 

clopidogrel. Our study indicated that the adjunctive use of cilostazol could significantly reduce 

the rate of MACCE in patients with low-responsiveness to clopidogrel, without a significant 

increased risk of major bleeding. 

East Asian patients have been included in the trials to assess the use of CYP2C1999999 rrececececececepepepepepeptotototototorr r r r r 

nhibitor agents, particularly the potent agents prasugrel and ticagrelor. Additionally, an 
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Previous efforts have explored new post-PCI antiplatelet strategies, including double-

dosage clopidogrel, triple antiplatelet therapy with the addition of cilostazol/warfarin, or 

replacing clopidogrel with potent P1Y12 inhibitors (prasugrel or ticagrelor). 12, 13, 24, 25, 33 The 

triple antiplatelet strategy with warfarin significantly increased the risk of bleeding, so this 

strategy is mainly used for atrial fibrillation coronary patients after PCI procedure.34-37 Although 

meta-analysis of pilot studies showed that a double dosage of clopidogrel lowered the incidence 

of post-PCI adverse events, its effect is controversial.14, 15 The GRAVITAS trial was the first 

large-scale investigation of personalized antiplatelet therapy (guided by VerifyNow) in elective 

PCI patients.38 In this study, a high dosage of clopidogrel was ineffective in reducing 6-month

composite ischemic event occurrence. A possible explanation for the neutral results is that high-

dose clopidogrel reduced the prevalence of high on-treatment platelet reactivity at 30 days in 

only 60% of patients, indicating that clopidogrel was not an optimal remedy to overcome high 

on-treatment platelet reactivity. The findings from our study is partly consistent with 

GRAVITAS study, but significant improvement is observed in the TRIPLE group. Different 

from GRAVITAS study and the present study, ARCTIC and ANTARCTIC study take a strategy 

of monitoring platelet-function to adjust antiplatelet drug, instead of continuous intensified 

strategy. Both of them showed no significant improvements in clinical outcomes with platelet-

function monitoring and treatment adjustment. These evidence, together with our findings, 

indicates that although HOPR is associated with increases adverse events, simply intensified 

P2Y12 inhibitor treatment might not improve clinical outcomes. But it is worth noting that, up to 

now, no data related to ticagrelor is available.

PCI patients.38 In this study, a high dosage of clopidogrel was ineffective in reduccccccininininining g g g g g 666666--momomomomomontntntntntnthhhhhh
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A clinical trial conducted in Korea showed that the triple antiplatelet strategy with cilostazol

could significantly inhibit platelet reactivity.39 The KAMIR study retrospectively analyzed 4203 

PCI patients who were divided into the dual antiplatelet group (aspirin + clopidogrel) and triple 

antiplatelet group (aspirin + clopidogrel + cilostazol).33 In this study, the hospital readmission 

rates were 3.4% vs. 2.2% (P = 0.022), and the mortality rates at 8 months were 4.9% vs. 3.1% in

the double strategy and the triple strategy, respectively (P=0.007). An interesting trial conducted 

in the type 2 diabetes population showed that adding cilostazol could achieve greater platelet 

inhibition as compared to double-dosage clopidogrel, which is not influenced by genetic 

polymorphisms.39, 40 In 2009, the ACCEL-RESISTANCE study39 firstly reported that adjunctive 

cilostazol could reduce the rate of HOPR and intensify platelet inhibition. In 2013, the HOST-

ASSURE study41 indicated that adjunctive use of cilostazol was non-inferior to doubling the 

dose of clopidogrel for 1 month. The present study, to our knowledge, is the first randomized 

trial to demonstrate that adjunctive cilostazol could improve the long-term clinical outcomes in 

in patients with low-responsiveness to clopidogrel.

In the present study, although both intensified anti-platelet strategies achieved increased 

platelet inhibition, only the triple strategy significantly reduced adverse events (all-cause death, 

myocardial infarction, target vessel revascularization or stroke) in long-term follow-up. The rate 

of ischemic adverse events in the DOUBLE group was lower than in the STANDARD group, but 

the difference was not significant. In 2013, the HOST-ASSURE trial reported that the adjunctive 

use of cilostazol was non-inferior to doubling the dose of clopidogrel in 1 month post-PCI 

period. In fact, even the 1-month rate of adverse events was lower in TRIPLE group (1.2% vs. 

polymorphisms.39, 40 In 2009, the ACCEL-RESISTANCE study39 firstly reported tttttthahahahahahat t t adadadadadaddjujujujujujuuncncncncncnctitititititiveveveveveve 
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1.4%).41 Our study further strengthens the evidence of the adjunctive use of cilostazol in high on-

treatment platelet reactivity.

Several previous efforts exploring the adjunctive use of cilostazol found that TRIPLE 

strategy could reduce the rate of high on-treatment platelet reactivity. However, results of TEG 

test at 3-6 month post PCI did not show significant difference between TRIPLE and DOUBLE 

groups in the present study. Possible explanation for the neutral results is that: first, previous 

studies (ACCEL-RESISTANCE study and HOST-ASSURE study) reexamined platelet function 

at 1-month post PCI, while we did the reexamination at 3-6 month post PCI, this time difference 

might lead to changes in the pharmacodynamics of cilostazol; second, drug discontinuation was 

more common in TRIPLE group than that in DOUBLE group (22.5% vs. 26.1%), partly 

influencing the results; third, as antiplatelet effect of cilostazol is dependent on its plasma level, 

the prolonged time interval between TEG sampling and cilostazol administration at 3-6 month

follow-up (presented in Methods) could also contribute to relatively low inhibitory level in 

TRIPLE. Despite similar effects on platelet function, the adjunctive use of cilostazol still 

provides clinical benefits in the present study. Multiple functions of cilostazol may contribute to 

the improvement of outcomes. As a selective reversible phosphodiesterase type 3 inhibitor, 

cilostazol owns unique antithrombotic and vasodilatory properties. Cilostazol inhibits platelet 

aggregation induced by ADP, arachidonic acid, collagen, and epinephrine. TRIPLE strategy 

could bring additive elevation of intracellular cAMP through both increase of cAMP production 

by clopidogrel and inhibition of cAMP degradation by cilostazol.

Prevalence of high on-treatment reactivity in our original cohort was relatively low. Based 
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on the criteria of MAADP > 47 mm, prevalence of HOPR was 31.3% (3046/9741, see 

supplementary Figure 1). Previous data has shown that HOPR prevalence was over 50% in East 

Asian patient, if criteria derived from Western population were used.16, 18 As mentioned above, 

this observation might be primarily caused by a higher frequency of the CYP2C19 loss-of-

function alleles in East Asians. Possible explanation for the relatively low prevalence of HOPR 

in the present study cohort is that: as cutoffs of platelet function testing methods (TEG, 

VerifyNow and VASP) were derived from different clinical evidence, the HOPR populations 

defined by different methods could also be inconsistent. In the future, appropriate cut-off points 

for HOPR should be established in large-scale cohort in East Asian patients.

In the present study, no increased rate of major bleeding with intensified antiplatelet therapy 

in patients with high on-treatment platelet reactivity was observed. This phenomenon could be 

also found in GRAVITAS, ARCTIC and ANTARCTIC.38, 42, 43 Moreover, a recent meta-analysis 

published by Aradi et al further strengthened intensifying antiplatelet therapy on the basis of 

platelet function testing did not expose patients to higher risk for bleeding.44 Contrary to this, in 

the TRITON–TIMI 38 study45, prasugrel increased the risk for TIMI major bleeding events by 

32%, while ticagrelor was also associated with a 25% increase in this endpoint in the study of 

PLATO trial46. As bleeding complications are as serious as thrombotic events after PCI, platelet 

function testing is a potentially effective tool to guide antiplatelet treatment and prevent bleeding 

events in those receiving intensified antiplatelet therapy.

Study limitations

Despite the encouraging findings, our study has some limitations. First, this is a single center 

for HOPR should be established in large-scale cohort in East Asian patients.

In the present study, no increased rate of major bleeding with intensified antiplatelet therapy
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trial. Although single center design helps maintaining standard procedures (TEG/gene testing, 

PCI, and medication), a multi-center design could provide more convincing data, especially for 

this head-to-head comparison trial on intensified strategies. Second, premature discontinuation of 

the study drug was more common in the DOUBLE and TRIPLE groups than in the STANDARD 

group, which may have affected the outcomes. However, our results were identical whether 

analyzed by the intention to treat or per protocol. Third, this study included only East Asian PCI 

patients. Because the strength of platelet reactivity and anti-platelet therapy on clinical events 

can be different, which is influenced by gene variation or environment, the mechanistic 

popularization from the result of the present study may be inappropriate. Finally, a decreased 

trend of major primary endpoint could be found in the DOUBLE group, although the p value did 

not reach a significant level. At the initial of study design, no exact evidence was available for 

the superiority of TRIPLE strategy over DOUBLE, so we assumed that the two intensified 

antiplatelet strategies had same capability to reduce MACCE. This might lead to the insufficient 

power to test the effectiveness of DOUBLE strategy. 

Conclusions

In East Asian PCI patients with low responsiveness to clopidogrel, as measured by 

thromboelastography, the intensified antiplatelet strategies with adjunctive use of cilostazol 

significantly reduced platelet reactivity and the MACCE rate without increasing the risk of major 

bleeding. Decreased trend of negative outcomes could be observed in patients with double 

dosage of clopidogrel, but the difference was not significant.
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Table 1. Baseline characteristics of the patients according to treatment group.

STANDARD
N=362

DOUBLE
N=359

TRIPLE
N=355 P value

Gender (male) 214 (59.1%) 219 (61.0%) 211 (59.4%) 0.136
Age (year) 58.64±8.75 58.12±8.97 58.39±9.03 0.201
BMI (kg/m2) 25.78±3.12 26.02±3.16 25.69±3.04 0.073
SBP (mmHg) 128.1±17.5 127.2±16.4 126.9±15.4 0.599
DBP (mmHg) 77.6±10.7 78.6±10.5 77.3±9.3 0.197
Diabetes mellitus 121 (33.4%) 115 (32.0%) 121 (34.1%) 0.838
Hypertension 243 (67.1%) 219 (61.0%) 229 (64.5%) 0.228
Dyslipidemia 233 (64.4%) 246 (68.5%) 229 (64.5%) 0.408
Previous stroke 39 (10.8%) 37 (10.3%) 46 (13.0%) 0.503
Smoking 124 (34.3%) 137 (38.2%) 137 (38.6%) 0.320
Previous MI 57 (15.7%) 59 (16.4%) 44 (12.4%) 0.260
Previous CABG 8 (2.2%) 7 (1.9%) 4 (1.1%) 0.495
Previous PCI 72 (19.9%) 77 (21.4%) 67 (18.9%) 0.688
Atrial fibrillation 9 (2.5%) 4 (1.1%) 7 (2.0%) 0.367
Presentation 0.9931
   NSTEMI 43 (11.9%) 48 (13.4%) 46 (13.0%)
   STEMI 25 (6.9%) 24 (6.7%) 26 (7.3%)
   Unstable angina 148 (40.9%) 148 (41.2%) 140 (39.4%)
   Stable angina 146 (40.3%) 139 (38.7%) 143 (40.3%)
Values are mean±SD or n (%). BMI, body mass index; BP, blood pressure; MI, myocardial infarction; 
PCI, percutaneous coronary intervention; CABG, coronary artery bypass graft; NSTEMI, non-ST 
segment elevation MI; STEMI, ST-segment elevation MI.
Continuous variables were compared using analysis of variance. Categorical variables were compared 
using the Chi-square test.

Presentation 0.0.0.0.0.0 999999999999313131313131
 NSTEMI 43 (11.9%) 48 (13.4%) 46 (13.0%)
 STEMI 25 (6.9%) 24 (6.7%) 26 (7.3%)
 Unstable angina 148 (40.9%) 148 (41.2%) 140 (39.4%)
 Stable angina 146 (40.3%) 139 (38.7%) 143 (40.3%)

Valuessssss aaaaaaarerererererere mmmmmmmeaeaeaeaeaeean±nnnn SDDDDDD or n (%). BMI, body mass index;;;;;; BBBBP, blood pressururuurre; MIIMMIMII, myocardial infarction; 
PCI,I,I,,,, pppppppeeeeree cutaneeeeeououououououous coronaryyyy intervev ntion; CABG, coronononary arteryyyyyy bypppaaaassss s grggg affft; NSTEMI, non-ST 
egmgmmmgmmmene t elevation MIMMIM ; STSTSTSTTTTEMEMEMEMEMEMEMI,I,I,I,I,I, SSSSSSSTTTTTTT-TT seseeeeegmgmgmgmgmgmennttt elevatttioooon MIMM .

Contntntntntntiiiniii uous variableseeses wererererrree compmpmpmmmpm ared u isiingg analyssissss offf vvvariaiaaiaiaancncncncncnceeeee.e. CCCCCCCaaata eggororoorrical vvvarrrrrriaiaiaiaiaiaiabbbbles weeeeeeererererererere ccommmommparedddd dd
usinnnnnng g ggggg thtttt e Chi-sqsqsqsqsqsqquuuuauu rree tesssts ...
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Table 2. Baseline treatments and procedure characteristics according to treatment group.

STANDARD
N=362

DOUBLE
N=359

TRIPLE
N=355 P value

Procedure time (minute) 26.34±16.10 29.77±21.05 28.55±20.85 0.061
No. of stents 1.65±0.75 1.73±0.85 1.73±0.84 0.215
Length of stents (mm) 31.86±16.89 32.79±18.66 31.71±17.16 0.672
Transradial approach 339 (94.4%) 338 (94.2%) 330 (93.5%) 0.635
Pre-dilatation 254 (70.2%) 264 (73.5%) 258 (72.7%) 0.578
B2/C type lesions 282 (78.8%) 297 (83.9%) 277 (78.7%) 0.128
No. of target lesions 0.064
      1 274 (75.7%) 242 (67.4%) 235 (66.2%)
      ≥2 88 (24.3%) 117 (32.6%) 120 (33.8%)
Chronic total occlusion lesions 48 (13.4%) 56 (15.6%) 47 (13.3%) 0.741
Left main lesions 15 (4.1%)     14 (3.9%)     16 (4.5%) 0.582
Bifurcation lesions 114 (31.5%) 109 (30.4%) 105 (29.6%) 0.855
Clopidogrel exposure at time of 
enrollment 0.579

   Loading dose, 300 mg 85 (23.5%) 92 (25.6%) 84 (23.7%)
   Loading dose, 600 mg 50 (13.8%) 54 (15.0%) 49 (13.8%)
   Maintenance, 75 mg 5d 227 (62.7%) 213 (59.3%) 222 (62.5%)
Perioperative anticoagulation
  Low-molecular-weight heparin 197 (54.4%) 192 (53.5%) 195 (54.9%) 0.925
  Fondaparinux 111 (30.7%) 118 (32.9%) 107 (30.1%) 0.706
  Unfractionated heparin 138 (38.1%) 134 (37.3%) 140 (39.4%) 0.843
  IIb/IIIa inhibitors 44 (12.2%) 52 (14.5%) 44 (12.4%) 0.598
Statin 1818 (86.7%) 1895 (89.2%) 1761 (90.6%) 0.625
Calcium-channel blocker 480 (22.9%) 514 (24.2%) 418 (21.5%) 0.081
Proton pump inhibitor 41 (11.3%) 29 (8.1%) 35 (9.9%) 0.028
Values are mean±SD or n (%).
Continuous variables were compared using analysis of variance. Categorical variables were compared 
using the Chi-square test.

 Loading dose, 300 mg 85 (23.5%) 92 (25.6%) 84 (23.7%)
 Loading dose, 600 mg 50 (13.8%) 54 (15.0%) 49 (13.8%)
 Maintenance, 75 mg 5d 227 (62.7%) 213 (59.3%) 222 (62.5%)

Perioperative anticoagulation
Low-molecular-weight heparin 197 (54.4%) 192 (53.5%) 195 (54.9%) 0.925
Foooooondndndndndnddapapapapapapaparararararrinininininininuxuxuxuxuxuxx 111 (30.7%) 118 (32.9%)) 101007 (30.1%) 0.706
UnUnUnUnUnnUnfffffrff actionattttedededdededed hhepepepepeparrrrrrininniinin 11111138 ((((3833333 .1%))))) 131313333344444 4 (3(3(3(3(3(37.7.7.77.77 3%%%%)))))) 14144141440 (39.9.9.9.9.9.9 4%4%4%4%4%4%4%))))))) 0.0.0.0.0.0.8484848484843333333
IIIIIII bbb/bbbb IIIa inhibitorssss 4444444444444 (12122.2%) 52522525252 (14.5555.555%%%%)%% 444444 (12121212121212.44%) 0000.000 598888

Statatatatatatininininininn 18188 (86.7%)%)%)%)%) 1818181818181 9595959599595 ((((((89898988889.2%%%%) 171776111111 (((((((90.6%)) 0.625
Calcccccciuiuiuiuiuiuiummmmmm-chanananananannnnnnenenen l blbblblockekkekeer 484848484848480 (2(2(2(2(2(2(22.22222 9%%%%%%%))))))) 551515151515 4 (2(2(2(22(2(2444.4444 222%2%22 )))))) 414418 (2(2(2(2(2(2(21.1.1.111.5%))))))) 0.081
PPPrPrPr totototononon pppumumumppp iiinininhihihihihibibibibibittototorrr 41414141 ((((1111111111 33.3%)%)%)%))%) 222929292 (((888.1%%%1%1%1%)))) 3533535535 ((((9999.9%9%9%9%9%%))) 00000.020202020288888
V l ±SD (%)
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Table 3. Primary and secondary endpoints

Endpoints STANDARD DOUBLE TRIPLE
Hazard Ratio (95%CI)
DOUBLE vs 
STANDARD

Hazard Ratio (95%CI)
TRIPLE vs 
STANDARD

Primary endpoint: all-cause 
death, MI, TVR or stroke 52 (14.4% ) 38 (10.6% ) 30 (8.5% ) 0.720 (0.474,1.094) 0.550 (0.349,0.866)

Secondary endpoints:
All-cause death 6 (1.7%) 2 (0.6%) 0 (0.0%) 0.334 (0.067,1.655) 0
Cardiac death 5 (1.4%) 1 (0.3%) 0 (0.0%)
Myocardial Infarction 23 (6.4%) 15 (4.2%) 12 (3.4%) 0.652 (0.340,1.249) 0.525 (0.261,1.055)
Target vessel 
revascularization 20 (5.5%) 13 (3.6%) 14 (3.9%) 0.644 (0.321,1.296) 0.705 (0.356,1.395)

Stroke 9 (2.5%) 10 (2.8%) 7 (2.0%) 1.117 (0.454,2.750) 0.674 (0.240,1.893)
Stent thrombosis 6 (1.7%) 2 (0.6%) 4 (1.1%)
Major Bleeding 7 (1.93%) 12 (3.34%) 9 (2.53%) 1.734 (0.683,4.405) 1.310 (0.488,3.518)
MACE: all-cause death, MI 
or TVR 45 (12.4%) 30 (8.4%) 23 (6.5%) 0.656 (0.414,1.042) 0.506 (0.306,0.836)

NACCE: all-cause death, 
MI, stroke or major bleeding 41 (11.3%) 35 (9.7%) 25 (7.0%) 0.854 (0.544,1.340) 0.584 (0.353,0.967)

The percentages are Kaplan–Meier estimates of the rate of endpoints at 18 month. Patients could have had more than one 
type of endpoint.
P values were calculated by means of Cox regression analysis.

: all cause death,
ke or major bleeding 41 (11.3%) 35 (9.7%) 25 (7.0%) 0.854 (0.544,1.340) 0.5858585858584 44 44 (0(0(0(0(0(0.3.3.3.3.3.3535555 ,

entages are Kaplan–nn Meier estimates of the rate of endpointdd s at 18 month. Patients couldddddd hhhhhhavavavavavaveeeeee hahahahahahad d d d d d momomomomomorererererere ttttthh
ndpoint.d
were calculated by means of Cox regression analysis.

 by guest on February 2, 2018
http://circ.ahajournals.org/

D
ow

nloaded from
 

http://circ.ahajournals.org/


10.1161/CIRCULATIONAHA.117.030190
 

33
 

Table 4. Cases of stent thrombosis in three groups.

Time to 
event, day Classification Asprin Clopidogrel Cilostazol Outcomes

STANDARD 0 Definite Continued Continued MI, TVR
0 Definite Continued Continued MI, TVR
21 Definite Continued Continued MI, TVR
67 Probable Continued Continued MI, cardiac death
93 Probable Continued 0 MI, TVR
242 Probable Continued Continued MI, cardiac death

DOUBLE 18 Probable Continued 75mg MI
146 Probable 0 Continued MI, cardiac death

TRIPLE 0 Definite Continued Continued Continued MI, TVR
5 Probable Continued Continued 0 MI
27 Probable Continued Continued 0 MI, TVR
62 Definite Continued Continued Continued MI

Classification of stent thrombosis is according to the Academic Research Consortium criteria. 
MI, myocardial infarction; TVR, target vessel revascularization.MI, myocardial infarction; TVR, target vessel revascularization.
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Figure Legends

Figure 1. Flow Diagram of the CREATIVE Study.

Figure 2. Cumulative Kaplan-Meier Estimates of the Time to the First Adjudicated 

Occurrence of Primary Endpoints (MACCE) and Major Bleeding Endpoint. MACCE = 

major adverse cardiac and cerebrovascular events. 

Figure 3. Cumulative Kaplan-Meier Estimates of the Time to the First Adjudicated 

Occurrence of Adverse Events. Cumulative event curves through 18 months of NACCE (A), 

MACE (B), all-cause death (C), myocardial infarction (D), stroke (E), and target lesion 

revascularization (F). NACCE = net adverse clinical and cerebral events; MACE = major 

adverse cardiac events.

Figure 4. Change of Platelet Function and Distribution of CYP2C19 Genotype. (A) Changes 

of ADP-induced platelet-fibrin clot strength (MAADP). (B) Changes of ADP-induced platelet 

inhibition rate. (C) Distribution of CYP2C19 Genotype in 700 subjects. Extensive Metabolizer: 

CYP2C19 *1/*1; Intermediate Metabolizer: CYP2C19 *1/*2 or *1/*3; Poor Metabolizer: 

CYP2C19 *2/*2, *2/*3, *3/*3.

Figure 3. Cumulative Kaplan-Meier Estimates of the Time to the First Adjuddddddicicicicicicatatattttedededededed   

Occurrence of Adverse Events. Cumulative event curves through 18 months of NACCE (A), 

MACECECECECECEC ((((((B)), alalalalalalallllllll------caausuuu e death (C), myocardial infarcccttion (D), strokeeee ((E), aaana d target lesion 

evvavavavvassscsss ularizatioiooooon nnnnnn (F((F(F). NNNNNNACCECECECCCC  = net advdvverse cccliiiinicacacal anananananndddddd cecececececerrrrererr bbbrb allll eeeevennntsss; MMMMMMMACE ======= mmmaamm jjjojjj r 

dadadad eveveversrsseee ee cacacardrdrdddddiaiaiaiii ccc eeveveveneneee ttstss...
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SUPPLEMENTAL MATERIAL 

 

Supplemental Table 1. Primary and secondary endpoints at 12 month. 

Endpoints STANDARD DOUBLE TRIPLE 
Hazard Ratio (95%CI) 

DOUBLE vs STANDARD 

Hazard Ratio (95%CI) 

TRIPLE vs STANDARD 

Primary endpoint: all-cause 

death, MI, TVR or stroke 
47 (13.0%) 35 (9.7%) 24 (6.8%) 0.736 (0.475-1.140) 0.506 (0.309-0.827) 

Secondary endpoints:      

All-cause death 6 (1.7%) 2 (0.6%) 0 (0.0%) 0.309 (0.062-1.540) 0 

Myocardial Infarction 21 (6.0%) 14 (3.9%) 11 (3.0%) 0.702 (0.357-1.378) 0.547 (0.264-1.131) 

Target vessel 

revascularization 
16 (4.4%) 12 (3.3%) 12 (3.4%) 0.701 (0.330-1.488) 0.734 (0.346-1.558) 

Stroke 7 (1.9%) 9 (2.5%) 4 (1.1%) 1.294 (0.482-3.473) 0.579 (0.170-1.978) 

Stent thrombosis 6 (1.7%) 2 (0.6%) 4 (1.1%)   

Major Bleeding 7 (1.9%) 12 (3.3%) 9 (2.5%) 1.734 (0.683-4.405) 1.310 (0.488-3.518) 

MACE: all-cause death, MI 

or TVR 
41 (11.3%) 28 (7.8%) 20 (5.6%) 0.683 (0.421-1.108) 0.496 (0.290-0.849) 

NACCE: all-cause death, MI, 

stroke or major bleeding 
38 (10.5%) 32 (9.1%) 21 (5.9%) 0.869 (0.545-1.385) 0.553 (0.324-0.942) 

The percentages are Kaplan–Meier estimates of the rate of endpoints at 12 month. Patients could have had more than one type of endpoint. 

P values were calculated by means of Cox regression analysis. 
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Supplemental Table 2. Cases of stent thrombosis in three groups at 12 month. 

 Time to event, 

day 
Classification Asprin Clopidogrel  Cilostazol Outcomes 

STANDARD 0 Definite Continued Continued  MI, TVR 
 0 Definite Continued Continued  MI, TVR 
 21 Definite Continued Continued  MI, TVR 
 67 Probable Continued Continued  MI, cardiac death 
 93 Probable Continued 0  MI, TVR 
 242 Probable Continued Continued  MI, cardiac death 
  

 
    

DOUBLE 18 Probable Continued 75mg  MI 
 146 Probable 0 Continued  MI, cardiac death 
  

 
    

TRIPLE 0 Definite Continued Continued Continued MI, TVR 
 5 Probable Continued Continued 0 MI 
 27 Probable Continued Continued 0 MI, TVR 
 62 Definite Continued Continued Continued MI 

Classification of stent thrombosis is according to the Academic Research Consortium criteria.  

MI, myocardial infarction; TVR, target vessel revascularization.   
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Supplemental Figure 1. Study Diagram Showing Screening and Selection of 

Participants. 
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Appendix 

 

CREATIVE Investigators 

Xun Yuan, MD1; Hongwen Ji, MD, PhD2; Zhou Zhou, MD, PhD3; Zhaohui Liu, BS3; Jue 

Chen, MD1; Jinqing Yuan, MD, PhD1; Haibo Liu, MD, PhD1; Jie Qian, MD1; Fenghuan Hu, 

MD1; Chunli Shao, MD, PhD1; Hanjun Zhao, MD, PhD1; Yihong Hua, MD, PhD1; Jie Lu, 

MD, PhD1 

 

CREATIVE Investigators Affiliations 

1 Department of Cardiology, State Key Laboratory of Cardiovascular Disease, Fuwai 

Hospital, National Center for Cardiovascular Diseases, Chinese Academy of Medical 

Sciences and Peking Union Medical College, Beijing, China 

2 Department of Anesthesiology, State Key Laboratory of Cardiovascular Disease, Fuwai 

Hospital, National Center for Cardiovascular Diseases, Chinese Academy of Medical 

Sciences and Peking Union Medical College, Beijing, China 

3 State Key Laboratory of Cardiovascular Disease, Beijing Key Laboratory for Molecular 

Diagnostics of Cardiovascular Diseases, Diagnostic Laboratory Service, Fuwai Hospital, 

National Center for Cardiovascular Diseases, Chinese Academy of Medical Sciences and 

Peking Union Medical College, Beijing, China 

 


