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Abstract
Introduction  Cilostazol has been widely used to prevent peripheral vascular events after PCI. However, guidelines 
in cilostazol-based triple antiplatelet therapy for patients with ischemic heart disease undergoing PCI remain unclear. 
The purpose of this study was to assess the efficacy and safety of DAPT (aspirin and clopidogrel) compared to 
cilostazol -based TAPT (aspirin, clopidogrel and cilostazol).

Methods  We conducted a comprehensive search of the Medline, Embase, Scopus, Cochrane, and Web of Science 
databases until November 2024 to identify RCTs comparing DAPT with cilostazol -based TAPT in patients with 
ischemic heart disease undergoing PCI. Pooled risk ratios (RRs) with 95% CIs were calculated.

Results  Eight RCTs (5,299 patients) were included in this systematic review and meta-analysis. A significantly reduced 
risk of all-cause mortality in hospital was observed with DAPT compared to cilostazol -based TAPT (RR: 0.27, 95% 
CI: 0.07 to 0.94, p = 0.04). Also, A significantly reduced risk of headache and palpitation was observed with DAPT 
compared to cilostazol -based TAPT, with pooled RR (RR: 0.15, 95% CI: 0.06 to 0.33, p < 0.001) and (RR: 0.24, 95% CI: 0.08 
to 0.73, p = 0.01), respectively. However, no difference was observed between DAPT and cilostazol -based TAPT on 
vessel revascularization, stroke, stent thrombosis, myocardial infarction and major adverse cardiac events.

Conclusion  Aspirin and clopidogrel were associated with a lower risk of adverse events compared to cilostazol-
based TAPT. However, the addition of cilostazol did not improve clinical outcomes. Further trials are needed to clarify 
the role of cilostazol -based TAPT for patients with ischemic heart disease undergoing PCI.
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Introduction
Ischemic heart disease (IHD) continues to be the leading 
cause of morbidity and mortality globally despite devel-
opments in diagnosis and treatment [1]. Percutaneous 
coronary intervention (PCI) remains the cornerstone 
treatment for revascularization in IHD patients [1, 2], 
aimed at reducing ischemic complications and improv-
ing outcomes. Post-PCI antiplatelet therapy is essential in 
reducing the risk of thrombotic events [2, 3]. Dual anti-
platelet therapy (DAPT), combining aspirin and clopido-
grel, has traditionally been the standard of care [3]. Early 
studies demonstrated a lower rate of stent thrombosis 
and major adverse cardiovascular events (MACE) with 
DAPT compared to aspirin alone [4]. Recent guidelines 
recommend a DAPT regimen for at least 6–12 months 
post-PCI, followed by indefinite aspirin use [5].

Aspirin, a COX-1 irreversible inhibitor, has been a 
cornerstone antiplatelet agent for preventing arterial 
thrombus formation [6]. The P2Y12 receptor antago-
nist clopidogrel was added following the CURE trial, 
which showed reduced ischemic events when combined 
with aspirin in acute coronary syndrome (ACS) patients 
[7]. However, despite DAPT’s effectiveness, recurrent 
ischemic episodes remain a concern, especially in high-
risk groups such as patients with diabetes or multives-
sel disease [8]. Furthermore, the variability in individual 
responses to clopidogrel and its hypo responsiveness 
contribute to residual platelet activity, which has been 
associated to adverse cardiovascular events following 
PCI [9]. To address these limitations, triple antiplatelet 
therapy (TAPT) was introduced, incorporating a third 
agent such as a glycoprotein IIb/IIIa inhibitor or newer 
P2Y12 inhibitors like ticagrelor or prasugrel alongside 
aspirin and clopidogrel [8]. While TAPT offers enhanced 
ischemic protection, it also increases bleeding risk, 
necessitating individualized treatment [9]. Cilostazol, a 
phosphodiesterase III inhibitor, is a promising addition 
to TAPT due to its antiplatelet and vasodilatory effects 
[10]. It has been shown to enhance platelet inhibition 
after PCI [11] in the OPTIMUS-2 study, consistent with 
ACCEL-AMI study which demonstrated better platelet 
inhibition with cilostazol-based TAPT, supporting its 
potential as a viable antithrombotic strategy in patient 
subsets after PCI [10].

Other recent studies have investigated cilostazol-based 
TAPT in PCI patients. Xu et al. [12] found no substantial 
reduction in periprocedural myocardial infarction (PMI) 
in ACS patients [12], whereas Tang et al. [13] reported 
better outcomes in clopidogrel non-responders without 
increased bleeding risk [13]. Park et al. [14] observed 
inconsistent results, suggesting no decrease in MACE 
but a potential increase in side effects [14]. However, 
Lee et al. (2017) and Han et al. (2009) reported reduced 
ischemic events and restenosis in high-risk patients [15, 

16]. Cilostazol also demonstrated benefits in vascular 
healing following drug-eluting stent placement, particu-
larly among smokers [17, 18]. A retrospective analysis 
showed that cilostazol-based TAPT in patients under-
going PCI reduced in-hospital cardiac death and MACE 
at 8 months compared to DAPT [19]. Prospective stud-
ies also observed reduced adverse cardiovascular events 
and stent thrombosis with cilostazol TAPT without an 
increased bleeding risk; such clinical advantages may 
be related to cilostazol’s effects on thrombosis, resteno-
sis, and endothelial function [16, 19, 20]. However, con-
cerns about bleeding risk, as highlighted by trials such as 
PLATO and TRITON-TIMI 38, highlight the significance 
of balancing thrombotic protection with safety [21, 22].

This systematic review and meta-analysis evaluate the 
safety and efficacy of DAPT (aspirin and clopidogrel) 
versus cilostazol-based TAPT in PCI patients. By syn-
thesizing data from recent randomized controlled trials 
(RCTs), this analysis aims to guide clinical decision-mak-
ing by balancing thrombotic prevention with bleeding 
complications.

Methods
This systematic review and meta-analysis adhered to 
Cochrane recommended guidelines for SR-MA: Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) [23]. We registered our protocol in 
PROSPERO (ID: CRD42024610147).

Data sources and search strategy
We comprehensively searched the five major medical 
electronic databases: Cochrane, Scopus, PubMed (MED-
LINE), Web of Science (WoS) and Embase. The literature 
review covered a time frame until November 10th, 2024, 
and no restrictions were applied to the research criteria. 
Details of the search strategy are available in Table S1.

Eligibility criteria
We followed the PICOS framework to select relevant 
studies using the following inclusion criteria: (1) Popu-
lation included patients with ischemic heart disease 
undergoing Percutaneous Coronary Intervention. (2) 
Intervention of interest was cilostazol-based TAPT. (3) 
Comparator was Aspirin plus clopidogrel (DAPT). (4) 
Outcomes analysed included target vessel revasculariza-
tion, target lesion revascularization, stroke, stent throm-
bosis, myocardial infarction, cardiac death, major adverse 
cardiac events, All-cause death, non-cardiac adverse 
events and bleeding. Only randomized clinical trials were 
included, therefore excluding review articles, pilot stud-
ies, observational studies, case reports, commentaries, 
editorials, letters to editors, animal trials, in vitro studies, 
conference abstracts, and studies with overlapping data.
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Study selection
Following the systemic literature review, studies fulfill-
ing the search strategy were obtained and uploaded to 
EndNote Reference Library. After removing duplicates, 
two authors (T.A. and A.M.) independently screened 
the titles and abstracts of the results via Rayyan website. 
Studies passing the preliminary screening underwent 
further evaluation through full-text screening to ensure 
relevance. Discrepancies regarding trials’ eligibility were 
discussed among the authors, and a senior author (R.O.) 
was consulted if needed.

Data extraction
An Excel sheet with information regarding trial design, 
baseline characteristics and efficacy/safety outcomes was 
created. Three authors independently extracted data of 
interest from eligible studies, and any possible disagree-
ments were resolved by a senior author (R.O., H.J. and 
R.A.). Extracted data included study year, country, study 
design, number of patients in each group, follow-up 
period, aim and conclusion. Patients’ baseline character-
istics included gender, age, smoking history, hyperten-
sion, diabetes, dyslipidemia and previous PCI. Data on 
safety and efficacy were collected, focusing on the fol-
lowing primary safety outcomes: target vessel revascu-
larization, target lesion revascularization, stroke, stent 
thrombosis, myocardial infarction, cardiac death, major 
adverse cardiac events, All-cause death, non-cardiac 
adverse events and bleeding.

Risk of bias and certainty of evidence
Two investigators (A.M. and B.Q.) carried out the qual-
ity assessment process independently, a third investi-
gator was involved in case of any disagreements. We 
used Cochrane Risk of Bias 2 (ROB2) [24] for all studies 
included, and based on different domains assessed, each 
study was assigned as being of 1: high risk of bias, 2: some 
concerns of bias or 3: low risk of bias. Aspects evalu-
ated include the randomization process, deviation from 
intended interventions, missing outcome data, measure-
ment of the outcome and patients, selection of reported 
bias, and overall bias. The final visualization figures were 
performed by robvis which is a shiny web app for visual-
izing risk-of-bias assessments [25].

Statistical analysis
We utilized Review Manager software 5.4 (Cochrane 
Collaboration, Denmark) and the DerSimonian-Laird 
random-effects model to perform all statistical analyses 
indicated. For dichotomous variables, we pooled risk 
ratios (RRs) along with their corresponding 95% confi-
dence intervals (CIs) and applied the inverse variance 
(I-V) method. A P-value below 0.05 was considered sig-
nificant. Heterogeneity across studies was measured 

using Higgins I² static; studies showing a value higher 
than 50% demonstrate significantly high heterogeneity.

Results
Search results
We retrieved 4,048 papers from five electronic data-
bases. Using EndNote software, duplicate articles were 
eliminated, leaving us with a total of 2,785 papers. 
After reviewing titles and abstracts, 2,771 papers were 
excluded. We then assessed the full texts of the remain-
ing 14 studies for final eligibility. Ultimately, eight papers 
were included in our meta-analysis [12–18, 26]. The 
study selection process is illustrated in Figure S1.

Baseline characteristics of included studies
This review included 8 RCTs published from 2009 to 
2023. The analyzed RCTs reported data for 5299 patients. 
DAPT was administered in 2,679 patients while 2,620 
individuals received TAPT. The mean age of patients was 
61.4 years. Male patients constituted > 70% of the study 
sample. 3 trials were conducted in China, 4 in Korea, and 
1 in Brazil. Duration of follow-up ranged from 9 months 
to 2 years across included RCTs. 21.4% of patients were 
smokers, 19.47% had dyslipidemia, 5% patients had 
undergone PCI previously, and 35.2% patients had dia-
betes. The details of study characteristics and patients’ 
baselines are reported in Tables 1 and 2.

Clinical outcomes
All-cause death
The pooled analysis demonstrated a comparable risk of 
all-cause death with DAPT and TAPT (RR: 1.41, 95% CI: 
0.89 to 2.22, p = 0.14). Heterogeneity was low (I2 = 19%). 
A subgroup analysis was performed based on duration of 
follow-up. The relative risk remained nonsignificant for 
all-cause death at a follow-up of 2 years, 18 months, and 
1 year (RR: 1.15; 95% CI: 0.74 to 1.79, p = 0.55). However, 
a significantly increased risk was observed for all-cause 
death at 1 month with DAPT (RR: 1.15; 95% CI: 0.74 to 
1.79, p = 0.02). The difference between subgroups was 
non-significant (Pinteraction = 0.19). Figure S2.

Cardiac death
The pooled analysis demonstrated a comparable risk of 
cardiac death with DAPT and TAPT (RR: 1.40, 95% CI: 
0.72 to 2.69, p = 0.32). Heterogeneity was low (I2 = 23%). 
The relative risk remained nonsignificant for cardiac 
death at all follow-up intervals (2 years, RR: 1.50, 95% CI: 
0.25 to 8.93, p = 0.66; 18 months RR: 2.97, 95% CI: 0.12 
to 72.58, p = 0.51; 1 year, RR: 0.87, 95% CI: 0.32 to 2.37, 
p = 0.79-, and 1-month RR: 3.64, 95% CI: 1.02 to 12.99, 
p = 0.05). The difference between subgroups was non-sig-
nificant (Pinteraction = 0.37). Figure S3.
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MACE
The pooled analysis demonstrated a comparable risk of 
MACE with DAPT and TAPT (RR: 1.27, 95% CI: 0.90 to 
1.78, p = 0.18). Heterogeneity was moderate (I2 = 56%). A 
similar effect was observed at a follow-up of 1 year (RR: 
1.13, 95% CI: 0.73 to 1.74, p = 0.58), and 18 months (RR: 
1.29, 95% CI: 0.76 to 2.18, p = 0.34). However, at short-
term follow-up of 1 month, a significantly increased risk 
for MACE was observed with DAPT (RR: 2.98, 95% CI: 
1.09 to 8.15, p = 0.03). The difference between subgroups 
was non-significant (Pinteraction = 0.22). Figure S4.

Myocardial infarction
The pooled analysis demonstrated a comparable risk of 
myocardial infarction with DAPT and TAPT (RR: 1.20, 
95% CI: 0.77 to 1.85, p = 0.42). Heterogeneity was low 
(I2 = 0%). The relative risk remained nonsignificant for 
myocardial infarction at all follow-up intervals (2 years, 
RR: 1.33, 95% CI: 0.47 to 3.81, p = 0.59; 18 months RR: 
1.24, 95% CI: 0.59 to 2.60, p = 0.58; 1 year, RR: 1.08, 95% 
CI: 0.55 to 2.12, p = 0.83, and 1-month RR: 1.49, 95% CI: 
0.25 to 8.89, p = 0.66). The difference between subgroups 
was non-significant (Pinteraction = 0.98). Figure S5.

Stroke
The pooled analysis demonstrated a comparable risk of 
stroke with DAPT and TAPT (RR: 1.51, 95% CI: 0.85 to 
2.68, p = 0.16). Heterogeneity was low (I2 = 0%). A sub-
group analysis was performed based on duration of fol-
low-up which showed a non-significant difference across 
a follow-up of 1 month (RR: 6.95, 95% CI: 0.36 to 134.34, 
p = 0.20), 1 year (RR: 2.24, 95% CI: 0.82 to 6.15, p = 0.12), 
18 months (RR: 1.41, 95% CI: 0.54 to 3.67, p = 0.48), and 2 
years (RR: 0.86, 95% CI: 0.29 to 2.53, p = 0.78, Pinteraction = 
0.44). Figure S6.

Stent thrombosis
The pooled analysis demonstrated a comparable risk of 
stent thrombosis with DAPT and TAPT (RR: 0.64, 95% 

CI: 0.26 to 1.55, p = 0.32). Heterogeneity was low (I2 = 0%). 
The subgroup based on the duration of follow-up showed 
a non-significant difference across a follow-up of 1 month 
(RR: 1.49, 95% CI: 0.25 to 8.89, p = 0.66), 1 year (RR: 0.48, 
95% CI: 0.13 to 1.73, p = 0.26), and 18 months (RR: 0.49, 
95% CI: 0.09 to 2.68, p = 0.41, Pinteraction = 0.57). Figure S7.

Target vessel revascularization
The pooled analysis demonstrated a trend of increased 
risk of target vessel revascularization with DAPT com-
pared to TAPT without reaching statistical significance 
(RR: 1.61, 95% CI: 1.00 to 2.58, p = 0.05). Heterogene-
ity was low (I2 = 41%). The relative risk remained non-
significant for myocardial infarction at 1-year RR: 1.45, 
95% CI: 0.89 to 2.35, p = 0.13). At 18 months, a signifi-
cantly increased risk was observed in the DAPT group 
(RR: 3.21, 95% CI: 1.06 to 9.76, p = 0.04). The difference 
between subgroups was non-significant (Pinteraction = 
0.20). Figure S8.

Target lesion revascularization
The pooled analysis demonstrated a comparable risk of 
target lesion revascularization with DAPT and TAPT 
(RR: 1.35, 95% CI: 0.73 to 2.51, p = 0.33). Heterogeneity 
was moderate (I2 = 52%). A subgroup analysis was per-
formed based on duration of follow-up which showed a 
non-significant difference across a follow-up of 1 month, 
1 year, and 2 years (Pinteraction = 0.95). Figure S9.

In-hospital events
No statistically significant difference was observed 
between DAPT and TAPT for reducing overall in-hos-
pital events (RR: 0.40, 95% CI: 0.13 to 1.20, p = 0.33). No 
heterogeneity was observed (I2 = 0%). The risk remained 
comparable for myocardial infarction (RR: 0.77, 95% CI: 
0.10 to 5.82, p = 0.80), and cardiac death (RR: 0.16, 95% 
CI: 0.02 to 1.34, p = 0.09). However, for in-hospital all-
cause death DAPT was associated with a significantly 

Table 2  Characteristics of the included patients
Name Year hypertension Smoking Dyslipidemia Previous PCI Diabetes
Han et al. 2009 DAPT (341)//TAPT (350) NA NA NA DAPT (122)//TAPT (141)
Kim et al. 2014 DAPT (341)//TAPT (350) DAPT (120)//TAPT 

(109)
DAPT (181)//TAPT 
(199)

DAPT (12)//TAPT (32) DAPT (143)//TAPT (169)

Lee et al. 2011 DAPT (341)//TAPT (350) DAPT (75)/TAPT (76) NA DAPT (16)/TAPT (18) DAPT (84)/TAPT (92)
Lee et al. 2017 DAPT (341)//TAPT (350) DAPT (50)/TAPT (54) NA DAPT (15)/TAPT (20) DAPT (68)/TAPT (57)
Park et al. 2023 DAPT (341)//TAPT (350) DAPT (137)/TAPT 1 M 

(151)/TAPT 6 M (145)
DAPT (36)/TAPT 1 M 
(28)/TAPT 6 M (30)

NA DAPT (85)/TAPT 1 M (93)/
TAPT 6 M (74)

Tang et al. 2018 DAPT (341)//TAPT (350) DAPT (137)/TAPT (137) DAPT (246)/TAPT 
(229)

DAPT (77)/TAPT (67) DAPT (115)/TAPT (121)

Xu et al. 2016 DAPT (341)//TAPT (350) DAPT (29)/TAPT (29) NA NA DAPT (24)/TAPT (22)
Mauro 
et al.

2017 DAPT (341)//TAPT (350) DAPT (15)/TAPT (16) DAPT (54)/TAPT (59) DAPT (3)/TAPT (6) Non-insulin dependent DAPT 
(121)/TAPT (58)///insulin de-
pendent DAPT (12)/TAPT (7)
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reduced risk (RR: 0.27, 95% CI: 0.07 to 0.94, p = 0.04). Fig-
ure S10.

Bleeding
The pooled analysis demonstrated a comparable risk of 
bleeding with DAPT and TAPT (RR: 0.71, 95% CI: 0.44 
to 1.13, p = 0.15). Heterogeneity was low (I2 = 36%). Figure 
S11.

Adverse events
A significantly reduced risk of headache and palpitation 
was observed with DAPT compared to cilostazol -based 
TAPT, with pooled RR (RR: 0.15, 95% CI: 0.06 to 0.33, 
p < 0.001) and (RR: 0.24, 95% CI: 0.08 to 0.73, p = 0.01), 
respectively. Figure S12–S13.

Quality assessment
The ROB-2 quality assessment tool was employed to 
evaluate the quality of the included RCTs. All studies 
included were determined to have a low risk of bias. The 
details of the quality assessment are presented in Figure 
S14.

Discussion
Studies comparing DAPT and TAPT for ischemic heart 
disease indicate that DAPT, typically combining aspirin 
with a P2Y12 inhibitor, such as clopidogrel, is an effec-
tive post-PCI strategy that reduces the risk of stent 
thrombosis and ischemic events [27]. In our study, the 
TAPT regimen specifically included cilostazol as one of 
its components, distinguishing it from the other TAPT 
strategies. Our analysis aligns with prior findings show-
ing a comparable stent thrombosis risk between DAPT 
and TAPT with cilostazol (RR, 0.64; 95% CI: 0.26 to 1.55, 
p = 0.32), indicating no significant advantage of TAPT 
with cilostazol in preventing stent thrombosis. TAPT is 
generally reserved for high-risk patients because of an 
increased risk of bleeding. Extending antiplatelet therapy 
mitigates ischemic risks but increases bleeding compli-
cations, emphasizing the importance of individualized 
treatment [28].

Studies comparing single versus dual antiplatelet ther-
apy after coronary artery bypass grafting (CABG) found 
similar major adverse cardiac and cerebrovascular events 
(MACCE) between the SAPT and DAPT groups, with 
no notable increase in bleeding, suggesting a limited sur-
vival benefit for DAPT in certain post-CABG patients 
[29]. Our findings focus specifically on TAPT incorpo-
rating cilostazol, showing its comparable effectiveness to 
DAPT, with no significant differences in MACE observed 
between the two therapies (RR: 1.27, 95% CI: 0.90 to 
1.78, p = 0.18). This finding reinforces DAPT’s suitability 
of DAPT for a broad patient population. Additionally, in 
patients with a high bleeding risk undergoing PCI, DAPT 

with ticagrelor showed lower rates of recurrent myocar-
dial infarction but increased bleeding risk, supporting a 
more personalized, risk-adjusted therapy approach [30]. 
However, in patients after rug-eluting stent implantation 
the addition of cilostazol to aspirin and clopidogrel was 
associated with significant reduction in MACE [31].

Evaluating the effectiveness of TAPT with cilostazol 
compared with DAPT in reducing cardiovascular events 
post-PCI, evidence generally favors DAPT for balanc-
ing ischemic prevention with a lower bleeding risk. Our 
study demonstrated comparable myocardial infarction 
risks between DAPT and TAPT with cilostazol (RR: 1.20, 
95% CI: 0.77 to 1.85, p = 0.42), suggesting no significant 
ischemic benefit of adding cilostazol to TAPT compared 
with DAPT. TAPT regimens, which include aspirin, a 
P2Y12 inhibitor, and cilostazol, may provide additional 
ischemic protection in specific cases such as concur-
rent atrial fibrillation. However, this results in a higher 
bleeding rate. A previous meta-analysis study showed 
that cilostazol did not reduce the bleeding significantly 
post-PCI [32]. Also, Tan et al. [33] observed no signifi-
cant differences in MACCE between TAPT and DAPT in 
post-PCI patients with atrial fibrillation, although TAPT 
resulted in significantly higher bleeding rates. Similarly, 
our findings showed an increased risk of adverse events 
with TAPT with cilostazol compared to DAPT (RR: 0.29, 
95% CI: 0.16 to 0.53, p < 0.01), supporting the preference 
for DAPT in most patients owing to its safer profile [34].

Quality improvement initiatives that reduce TAPT use 
demonstrate fewer bleeding complications with DAPT, 
while maintaining similar ischemic protection. These 
findings suggest that DAPT is safe and equally effective 
in many post-PCI patients [35]. In our bleeding outcome 
analysis, there was no significant difference between 
DAPT and TAPT with cilostazol (RR, 0.71; 95% CI: 0.44 
to 1.13, p = 0.15), reinforcing the favorable bleeding pro-
file of DAPT. Even after drug-eluting stent implantation, 
a meta-analysis study by Chen et al., 2013, revealed that 
the addition of cilostazol to aspirin and clopidogrel did 
not associated with significant reduction in the risk of 
bleeding and stent thrombosis [31]. Current data sup-
port DAPT as the preferred post-PCI option owing to its 
balanced efficacy and safety, reserving TAPT regimens, 
including cilostazol, for specific high-risk cases requiring 
enhanced ischemic protection despite increased bleeding 
risks.

The choice between DAPT and TAPT with cilostazol 
is crucial for managing patients with ischemic heart dis-
ease, balancing ischemic event reduction, and bleeding 
risk. DAPT, which combines aspirin and a P2Y12 inhibi-
tor (e.g., clopidogrel or ticagrelor), is the standard post-
PCI treatment. It effectively reduces stent thrombosis 
and recurrent ischemic events with a relatively low bleed-
ing risk and is suitable for most patients [36]. TAPT with 
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cilostazol is warranted in cases of high thrombotic risk, 
such as concurrent atrial fibrillation or complex coronary 
artery disease, in which enhanced antithrombotic pro-
tection justifies the higher bleeding risk. Studies indicate 
that although TAPT with cilostazol may offer additional 
ischemic protection, it significantly increases the risk of 
bleeding. Our results show higher adverse event rates 
with TAPT with cilostazol than with DAPT, supporting 
its use in high-risk cases only. For instance, in patients 
with atrial fibrillation undergoing PCI, TAPT increases 
major bleeding without substantially reducing adverse 
cardiovascular events, emphasizing individualized treat-
ment [33].

Clinical guidelines recommend tailoring therapy 
based on individual risk factors such as age, bleeding 
history, and comorbidities using predictive scores such 
as CHA2DS2-VASc for stroke risk and HAS-BLED for 
bleeding risk to aid risk stratification [34].

Research on short-term mortality and MACE risks 
with DAPT versus TAPT with cilostazol post-PCI gen-
erally favors DAPT as a safer option with fewer bleeding 
complications, especially in the early post-PCI period. 
DAPT effectively reduces thrombotic events and MACE 
without significantly increasing the bleeding risk, mak-
ing it preferable for most patients. Our subgroup analy-
sis revealed a significantly increased all-cause death risk 
with DAPT at 1 month (RR, 1.15; 95% CI: 0.74 to 1.79; 
p = 0.02), although this risk did not persist over a longer 
follow-up period.

Studies indicate that although TAPT with cilostazol 
may provide better thrombotic protection in high-
risk cases, it significantly increases the risk of bleeding, 
potentially negating the reduction in ischemic events. 
This results in MACE rates like those observed with 
DAPT [33]. The WOEST 2 registry also reported more 
bleeding events with TAPT regimens without signifi-
cantly reducing short-term mortality or MACE com-
pared to DAPT, supporting guidelines favoring DAPT for 
reducing bleeding risk while preventing early ischemic 
events [34]. Previous meta-analyses study by Tan et al., 
2021 [37], showed that Cilostazol has greater efficacy, 
and a better safety profile compared to traditional anti-
platelet therapies like aspirin and clopidogrel for sec-
ondary stroke prevention; however, it does not seem to 
influence functional outcomes.

Patient demographics and baseline characteristics, 
such as age, comorbidities, and genetic factors, signifi-
cantly affect antiplatelet therapy outcomes in patients 
undergoing PCI. In adults aged > 80 years, stopping anti-
platelet therapy correlates with increased MACE without 
raising minor bleeding risks, highlighting the need for 
continued therapy in high-risk older populations [38]. 
In our study, over 70% of male patients had a mean age 
of 61.4 years and high comorbidity rates. These findings 

are particularly relevant to this demographic and support 
the need for careful risk stratification. The SMART Reg-
istry indicates that intensified antiplatelet therapy is often 
used in older patients with more comorbidities to prevent 
MACE, reflecting the necessity of tailored approaches for 
complex clinical profiles [39].

Comparative studies on DAPT and TAPT in treating 
ischemic heart disease suggest that DAPT generally has 
a safer profile with reduced major bleeding risk, espe-
cially in patients without a high thrombotic risk. DAPT, 
which combines aspirin and a P2Y12 inhibitor, is widely 
used post-PCI to effectively reduce ischemic events while 
minimizing bleeding complications. Our analysis of 
adverse events demonstrated that TAPT regimens specif-
ically including cilostazol were associated with increased 
adverse events without significant improvement in isch-
emic outcomes, reinforcing the safer profile of DAPT. 
WOEST 2 reported fewer bleeding events with DAPT 
than with TAPT, without increased thrombotic compli-
cations, supporting its use in standard-risk patients [34]. 
TAPT regimens, including cilostazol or anticoagulants, 
are often reserved for high-risk cases because of the 
increased risk of bleeding. In patients with atrial fibril-
lation, TAPT including cilostazol provided additional 
ischemic protection but significantly increased the risk 
of major bleeding, potentially offsetting its benefits [33]. 
Our findings align with these observations, as TAPT’s 
higher bleeding risk without substantial ischemic ben-
efits supports its reservation in specific high-risk cases.

Several limitations should be acknowledged in this 
meta-analysis. First, the included studies were conducted 
predominantly in China, Korea, and Brazil, which may 
limit the generalizability of the findings to other popu-
lations. Second, while the overall risk of bias was low, 
variations in follow-up duration and sample sizes might 
introduce heterogeneity in certain outcomes. Third, the 
differences in the TAPT regimens across studies may 
have influenced the results. Additionally, DAPT with 
aspirin plus clopidogrel was consistently used across all 
studies, which could impact the comparative analysis and 
overall interpretation of the findings.

Conclusion
This meta-analysis demonstrates that DAPT and TAPT, 
specifically including cilostazol, offer comparable clini-
cal outcomes for patients with ischemic heart disease 
undergoing PCI. While no significant differences were 
observed in key endpoints such as all-cause mortal-
ity, cardiac death, and myocardial infarction. Given the 
increased bleeding risks associated with extended anti-
platelet therapy, individualized treatment approaches 
remain crucial. Future large-scale, multicenter RCTs 
are needed to further assess the efficacy and safety of 
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cilostazol- based TAPT compared to DAPT across 
diverse patient populations.

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​​o​r​​
g​​/​​1​0​​.​1​1​​​8​6​​/​s​4​0​​3​6​0​-​​0​2​5​-​0​​0​8​7​0​-​x.

Supplementary Material 1

Acknowledgements
None.

Author contributions
Ramez M. Odat: Conceptualization, Formal analysis, Project administration, 
Investigation, Visualization, Writing – original draft, Writing – review & editing. 
Mushood Ahmed: Resources, Software, Investigation, Formal analysis, Project 
administration, Writing – original draft, Writing – review & editing. Sakhr 
Alshwayyat: Resources, Software, Investigation, Formal analysis, Project 
administration, Writing – original draft, Writing – review & editing. Ayham 
Mohammad Hussein: Resources, Software, Investigation, Formal analysis, 
Project administration, Writing – original draft, Writing – review & editing. Taif 
Haitham AlSaraireh: Resources, Software, Writing – original draft, Writing – 
review & editing. Ahmad M. Molhem: Resources, Software, Writing – original 
draft, Writing – review & editing. Ali O. Aldamen: Software, Writing – original 
draft, Writing – review & editing. Malak Ababneh: Resources, Writing – 
original draft. Bishr Quwaider: Resources, Writing – original draft. Hritvik Jain: 
Investigation, Conceptualization, Writing – original draft, Writing – review & 
editing. Jehad A. Yasin: Investigation, Writing – original draft. Hamdah Hanifa: 
Writing – original draft. Raheel Ahmed: Supervision, Validation, Investigation, 
Writing – review & editing.

Funding
The authors have no funding sources to declare.

Data availability
Data is provided within the manuscript or supplementary information files.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
All of the authors are aware of and agree to the content of this paper.

Clinical trial number
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Faculty of Medicine, Jordan University of Science and Technology, Irbid, 
Jordan
2Rawalpindi Medical University, Rawalpindi, Pakistan
3King Hussein Cancer Center, Amman, Jordan
4Princess Basma Teaching Hospital, Irbid, Jordan
5Applied Science Research Center, Applied Science Private University, 
Amman, Jordan
6Faculty of Medicine, Al-Balqa’ Applied University, Salt, Jordan
7Ministry of Health, Amman, Jordan
8Faculty of Medicine, Al Yarmouk University, Irbid, Jordan
9Department of Internal Medicine, All India Institute of Medical Sciences 
(AIIMS), Jodhpur, India
10School of Medicine, The University of Jordan, Amman, Jordan
11Faculty of Medicine, University of Kalamoon, Al-Nabk, Syria
12Department of Cardiology, National Heart and Lung Institute, Imperial 
College London, London, UK

Received: 1 December 2024 / Accepted: 17 February 2025

References
1.	 Bradley C, Berry C. Definition and epidemiology of coronary microvascular 

disease. J Nuclear Cardiol. 2022;29(4):1763–75.
2.	 Lawton JS, Tamis-Holland JE, Bangalore S, Bates ER, Beckie TM, Bischoff JM 

et al. 2021 ACC/AHA/SCAI Guideline for Coronary Artery revascularization: a 
report of the American College of Cardiology/American Heart Association 
Joint Committee on Clinical Practice guidelines. Circulation. 2022;145(3).

3.	 Degrauwe S, Pilgrim T, Aminian A, Noble S, Meier P, Iglesias JF. Dual antiplate-
let therapy for secondary prevention of coronary artery disease. Open Heart. 
2017;4(2):e000651.

4.	 Valgimigli M, Frigoli E, Heg D, Tijssen J, Jüni P, Vranckx P, et al. Dual anti-
platelet therapy after PCI in patients at high bleeding risk. N Engl J Med. 
2021;385(18):1643–55.

5.	 Levine GN, Bates ER, Bittl JA, Brindis RG, Fihn SD, Fleisher LA et al. 2016 ACC/
AHA guideline focused update on duration of dual antiplatelet therapy in 
patients with coronary artery disease: a report of the American College of 
Cardiology/American Heart Association task force on clinical practice guide-
lines. Circulation. 2016;134(10).

6.	 Angiolillo DJ, Capodanno D. Aspirin for Primary Prevention of Cardiovas-
cular Disease in the 21st Century: a review of the evidence. Am J Cardiol. 
2021;144:S15–22.

7.	 Effects of Clopidogrel in. Addition to aspirin in patients with Acute 
Coronary syndromes without ST-Segment Elevation. N Engl J Med. 
2001;345(7):494–502.

8.	 Schüpke S, Neumann FJ, Menichelli M, Mayer K, Bernlochner I, Wöhrle J, et al. 
Ticagrelor or Prasugrel in patients with Acute Coronary syndromes. N Engl J 
Med. 2019;381(16):1524–34.

9.	 Cao D, Chandiramani R, Chiarito M, Claessen BE, Mehran R. Evolution of 
antithrombotic therapy in patients undergoing percutaneous coronary 
intervention: a 40-year journey. Eur Heart J. 2021;42(4):339–51.

10.	 Croce K. Antiplatelet Therapy after Percutaneous Coronary intervention. Circ 
Cardiovasc Interv. 2010;3(1):3–5.

11.	 Angiolillo DJ, Capranzano P, Goto S, Aslam M, Desai B, Charlton RK, et al. A 
randomized study assessing the impact of cilostazol on platelet function 
profiles in patients with diabetes mellitus and coronary artery disease 
on dual antiplatelet therapy: results of the OPTIMUS-2 study. Eur Heart J. 
2008;29(18):2202–11.

12.	 Xu L, Chen K, Liu T, Zheng X, Jiao Z, Xu Y, et al. Adjunctive loading dose of 
cilostazol in preventing periprocedural myocardial infarction. Cardiovasc Ther. 
2016;34(4):225–33.

13.	 Tang YD, Wang W, Yang M, Zhang K, Chen J, Qiao S, et al. Randomized com-
parisons of double-dose clopidogrel or adjunctive Cilostazol Versus Standard 
Dual Antiplatelet in patients with high posttreatment platelet reactivity. 
Circulation. 2018;137(21):2231–45.

14.	 Park S, Rha SW, Choi BG, Kim W, Choi WG, Lee SJ, et al. Efficacy and safety of 
cilostazol-based triple antiplatelet therapy compared with clopidogrel-based 
dual antiplatelet therapy in patients with acute ST-elevation myocardial 
infarction undergoing percutaneous coronary intervention: a multicenter, 
randomized, open-label, phase 4 trial. Am Heart J. 2023;265:11–21.

15.	 Lee CH, Lee JY, Park GM, Lee SW, Kim HS, Choi YJ, et al. Comparison of 1-Year 
outcomes of Triple (aspirin + clopidogrel + cilostazol) Versus Dual Antiplatelet 
Therapy (aspirin + clopidogrel + placebo) after implantation of second-
generation drug-eluting stents into one or more coronary arteries: from the 
DECREASE-PCI trial. Am J Cardiol. 2018;121(4):423–9.

16.	 Han Y, Li Y, Wang S, Jing Q, Wang Z, Wang D, et al. Cilostazol in addition to 
aspirin and clopidogrel improves long-term outcomes after percutaneous 
coronary intervention in patients with acute coronary syndromes: a random-
ized, controlled study. Am Heart J. 2009;157(4):733–9.

17.	 Lee SW, Park SW, Kim YH, Yun SC, Park DW, Lee CW, et al. A Random-
ized, Double-Blind, Multicenter Comparison Study of Triple Antiplatelet 
Therapy with Dual Antiplatelet Therapy to Reduce Restenosis after Drug-
Eluting Stent Implantation in Long Coronary lesions. J Am Coll Cardiol. 
2011;57(11):1264–70.

18.	 Kim HL, Suh JW, Lee SP, Kang HJ, Koo BK, Cho YS, et al. Cilostazol eliminates 
adverse smoking outcome in patients with drug-eluting stent implantation. 
Circ J. 2014;78(6):1420–7.

https://doi.org/10.1186/s40360-025-00870-x
https://doi.org/10.1186/s40360-025-00870-x


Page 10 of 10Odat et al. BMC Pharmacology and Toxicology           (2025) 26:36 

19.	 Chen KY, Rha SW, Li YJ, Poddar KL, Jin Z, Minami Y, et al. Triple Versus Dual 
Antiplatelet Therapy in patients with Acute ST-Segment Elevation myocardial 
infarction undergoing primary percutaneous coronary intervention. Circula-
tion. 2009;119(25):3207–14.

20.	 Lee SW, Park SW, Hong MK, Kim YH, Lee BK, Song JM, et al. Triple Versus 
Dual Antiplatelet Therapy after Coronary Stenting. J Am Coll Cardiol. 
2005;46(10):1833–7.

21.	 Wallentin L, Becker RC, Budaj A, Cannon CP, Emanuelsson H, Held C, et al. 
Ticagrelor versus Clopidogrel in patients with Acute Coronary syndromes. N 
Engl J Med. 2009;361(11):1045–57.

22.	 Wiviott SD, Braunwald E, McCabe CH, Montalescot G, Ruzyllo W, Gottlieb S, et 
al. Prasugrel versus Clopidogrel in patients with Acute Coronary syndromes. 
N Engl J Med. 2007;357(20):2001–15.

23.	 Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD et al. 
The PRISMA 2020 statement: an updated guideline for reporting systematic 
reviews. BMJ. 2021;n71.

24.	 Sterne JAC, Savović J, Page MJ, Elbers RG, Blencowe NS, Boutron I, et al. RoB 2: 
a revised tool for assessing risk of bias in randomised trials. BMJ. 2019;l4898.

25.	 McGuinness LA, Higgins JPT. Risk-of‐bias VISualization (robvis): an R package 
and Shiny web app for visualizing risk‐of‐bias assessments. Res Synth Meth-
ods. 2021;12(1):55–61.

26.	 Zuliani Mauro MF, Mangione JA, Costa JR, Costa R, Piva E, Mattos LA, Staico R, 
et al. Randomized angiographic and intravascular Ultrasound comparison of 
dual-antiplatelet therapy vs triple-antiplatelet therapy to reduce neointimal 
tissue proliferation in Diabetic patients. J Invasive Cardiol. 2017;29(3):76–81.

27.	 Cenko E, Manfrini O, Bugiardini R. Net adverse clinical events with P2Y12 
inhibitor therapy in older patients after percutaneous coronary interventions. 
Atherosclerosis. 2024;390:117434.

28.	 Gorgulko AP, Baranov AA, Khelimskii DA, Krestyaninov OV, Badoyan AG. Opti-
mal time of dual antiplatelet therapy in patients with coronary heart disease 
(literature review). Siberian J Clin Experimental Med. 2024;38(4):70–6.

29.	 Daoulah A, Qenawi W, Alshehri A, Jameel Naser M, Elmahrouk Y, Alshehri M, 
et al. Single Versus Dual Antiplatelet Therapy after Coronary Artery Bypass 
Grafting for Unprotected Left-Main Coronary Disease. Crit Pathways Cardiol-
ogy: J Evidence-Based Med. 2024;23(1):12–6.

30.	 Yan B, Lai A, Sun H, Tam TK, Tan GM. Pattern of dual antiplatelet use and 
12-month outcomes stratified by bleeding and ischemic risk in acute coro-
nary syndrome patients undergoing percutaneous coronary intervention. Eur 
Heart J. 2023;44(Supplement_2).

31.	 Chen Z, Qian J, Chen Y, Ma J, Ge J. Addition of Cilostazol to Conventional 
Dual Antiplatelet Therapy reduces the risk of cardiac events and Restenosis 
after Drug-Eluting Stent Implantation: a Meta‐Analysis. J Clin Pharmacol. 
2013;53(5):532–9.

32.	 Biondi-Zoccai GGL, Lotrionte M, Anselmino M, Moretti C, Agostoni P, Testa 
L, et al. Systematic review and meta-analysis of randomized clinical trials 
appraising the impact of cilostazol after percutaneous coronary intervention. 
Am Heart J. 2008;155(6):1081–9.

33.	 Tan J, Si L, Yang X, Yue J. Dual and triple antithrombotic pharmaco-
therapy i n patients with coronary heart disease complicated with atrial 
fibrillation after percutaneous coronary intervention. Trop J Pharm Res. 
2023;21(12):2693–700.

34.	 Bor WB, de Veer AJW, Olie RO, Rikken SR, Chan Pin Yin DCPY, Herrman JPH, 
et al. Dual versus triple antithrombotic therapy after percutaneous coronary 
intervention: the prospective multicentre WOEST 2 study. EuroIntervention. 
2022;18(4):e303–13.

35.	 Earle W, Abdallah G, Meagher S, Shen K, Gibson CM, Ho KKL, et al. Reducing 
use of triple therapy after percutaneous coronary intervention: results from 
a hospital-wide quality improvement initiative. Catheter Cardiovasc Interv. 
2022;100(6):941–7.

36.	 Pathak A. Dual antiplatelet therapy after pci-what do. Guidelines say? 3, IIP 
Series. 2024.

37.	 Tan CH, Wu AG, Sia CH, Leow AS, Chan BP, Sharma VK, et al. Cilostazol for 
secondary stroke prevention: systematic review and meta-analysis. Stroke 
Vasc Neurol. 2021;6(3):410–23.

38.	 Zou X, Wang L, Sun SS, Hu YX, Liu HW, Wang H, et al. Incidence and impact 
of antiplatelet therapy cessation among very older patients with stable 
coronary artery disease. Front Pharmacol. 2023;14.

39.	 Gardner RS, D’Onofrio A, Mark G, Gras D, Hu Y, Veraghtert S, et al. Real-world 
outcomes in cardiac resynchronization therapy patients: design and baseline 
demographics of the SMART‐ Registry. ESC Heart Fail. 2021;8(2):1675–80.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Aspirin plus clopidogrel versus cilostazol -based triple antiplatelet therapy in patients with ischemic heart disease undergoing PCI: a systematic review and meta-analysis of randomized controlled trials
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Data sources and search strategy
	﻿Eligibility criteria
	﻿Study selection
	﻿Data extraction
	﻿Risk of bias and certainty of evidence
	﻿Statistical analysis

	﻿Results
	﻿Search results
	﻿Baseline characteristics of included studies
	﻿Clinical outcomes
	﻿All-cause death
	﻿Cardiac death
	﻿MACE
	﻿Myocardial infarction
	﻿Stroke
	﻿Stent thrombosis
	﻿Target vessel revascularization
	﻿Target lesion revascularization
	﻿In-hospital events
	﻿Bleeding


	﻿Adverse events
	﻿Quality assessment
	﻿Discussion
	﻿Conclusion
	﻿References


