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REVIEW

INTRODUCTION

Percutaneous coronary intervention (PCI) has become 
remarkably advanced over recent decades in terms of de-
vice technology, procedural techniques/experiences, and 
pre-/post-PCI adjunctive pharmacology. In particular, 
the innovation and wide application of the drug-eluting 
stent (DES) is a fundamental component of such recent 

advancements [1]. DESs have dramatically reduced reste-
nosis and the need for revascularization compared with 
bare-metal stents (BMSs) [2]; therefore, DESs have be-
come the default PCI device, regardless of any clinical or 
lesion characteristics.

In contrast to the markedly improved efficacy of PCI 
with DESs, safety concerns for very late stent thrombosis 
(ST) have been raised. Although the absolute incidence 
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of ST is quite low, most ST events manifest as an acute 
myocardial infarction (MI) or as acute coronary syn-
drome (ACS) with a high fatality rate [3-5]. Because endo-
thelial coverage after implantation of a DES is relatively 
delayed and incomplete over the long-term and is the 
major pathological determinant of ST occurrence com-
pared to BMSs [6-8], long-term dual antiplatelet therapy 
(DAPT) (i.e., aspirin plus a P2Y12 inhibitor) for 6 months 
to 1 year after implantation of a DES has been recom-
mended by guidelines from the major societies [9,10]. 
However, prolonged DAPT is associated with a dose-de-
pendent trade-off between increased risk of bleeding 
and decreased risk of ischemic events [11-13]. Addition-
ally, the increased daily pill burden and limitations re-
garding endoscopic, dental, or surgical procedures fol-
lowing DAPT are other drawbacks of prolonged DAPT, 
which may affect patient quality of life [14,15]. Even after 
consecutive release of major clinical trials to determine 
the optimal duration of DAPT after DES placement, this 
issue of balancing efficacy and safety after DES implan-
tation remains highly debated because “one size does 
not fit all” in diverse situations of real-world PCI prac-
tice. In the current review, we thoroughly evaluated the 
risk of ST after DES implantation in current PCI prac-
tice and systematically reviewed current available evi-
dence regarding the optimal duration of DAPT.

ST AFTER DES IMPLANTATION

Definition, time course, and incidence of ST after 
DES implantation
The main ST pathophysiology is characterized by angio-
graphic or post-mortem evidence of new thrombus for-
mation at a previously stented site. A pathological study 
of an aspirated thrombus from a patient with ST showed a 
mixture of a platelet-rich thrombus, fibrin fragments, and 
inflammatory components, such as neutrophils and eo-
sinophils [16]. Most patients with ST present with acute MI 
or ACS [3], but occasionally angiographic or pathological 
evidence is not available to clearly document ST. There-
fore, an academic research consortium proposed reason-
able criteria to standardize the definition [17], such as: 

Definite: Angiographic confirmation of a ST that orig-
inates in the stent or in the segment 5 mm proximal or 
distal to the stent, with one of following criteria within 

48 hours of angiography: acute onset of ischemic symp-
toms at rest; new ischemic electrocardiographic chang-
es; typical rise and fall in cardiac biomarkers; or patho-
logical confirmation of ST at autopsy or via examination 
of tissue retrieved after thrombectomy. 

Probable: Unexplained death occurring within 30 days 
after the index procedure, or any MI that is related to 
documented acute ischemia in the territory of the im-
planted stent without angiographic confirmation.

Possible: Unexplained death occurring more than 30 
days after the index procedure. 

In addition, ST is classified into early (0 to 30 days after 
index procedure), late (31 days to 1 year), and very late (> 1 
year) events according to differences in the contribution 
of the pathophysiological processes and contributing fac-
tors in each category [18,19]. Most of the definite/probable 
ST events occur early after the index procedure (≤ 30 days) 
with an overall incidence of < 1% in large registry data [19-
22]. However, there has been an ongoing risk of late and 
very late ST with cumulative incidence of 1.2% to 2.9% 
during 2 to 3 years of follow-up after DES implantation 
[18,23-25].

ST in the era of first-generation and second-gener-
ation DES
Early ST is generally affected by procedural risk factors, 
such as stent under-sizing or under-expansion, presence 
of residual dissection, and residual disease at the edge of 
the stented segment [18]. However, incomplete endothe-
lialization associated with the device platform plays an 
important role in patient- and procedure-related factors 
with regard to late-occurring ST. Autopsy studies have 
demonstrated that delayed arterial healing character-
ized by impaired endothelial coverage, persistent fibrin 
deposition, and ongoing vessel wall inflammation is an 
underlying pathophysiology for late ST after early gen-
eration DES implantation [26]. Among several factors 
associated with DES design, the durable polymer coat-
ing is a key factor predisposing for a higher risk of late 
ST [27,28]. For these reasons, second-generation DESs 
have been developed with technological improvements 
involving thinner stent struts, more biocompatible or 
bioabsorbable polymer coatings, and lower dosages of 
anti-proliferative drugs [29]. 

Some previous data show that the cumulative inci-
dence of ST after first-generation DESs is not signifi-
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cantly different from that of BMSs [18,30]. However, 
several studies show a small but significant increase in 
late-occurring ST after first-generation DESs compared 
with BMSs [2,31]. In addition, some registry data provide 
evidence for a continuous increasing risk of ST even sev-
eral years after a first-generation DES is implanted [23]. 
After wide-adoption of second-generation DESs, cur-
rently available registry data show a lower rate of ST in 
patients receiving everolimus eluting-stents (EES) com-
pared to first generation DESs [20,25]. However, these 
data were insufficiently powered to prove the superiori-
ty of second generation DESs over first generation DESs. 
Indirect evidence from two large network meta-analyses 
is available and demonstrated a lower risk of ST in the 
EES compared to the BMS groups [32,33]. A subsequent 
meta-analysis comparing long-term outcomes (median, 
3.8 years) of several DESs also showed a lower risk of ST, 
mortality, and MI in the EES compared to BMS or first 
generation DESs [34].

Clinical importance of DAPT in the prevention of ST 
DAPT is a fundamental component of ST prevention. 
The efficacy of DAPT has been demonstrated in previ-
ous randomized controlled trials (RCTs) by comparing 
DAPT with single antiplatelet or anticoagulation thera-
py [35,36]. Most BMSs are almost completely endotheli-
alized after 1 month, and are completely endothelialized 
after 3 to 6 months [37,38], but delayed and incomplete 
endothelialization is common even 6 to 12 months af-
ter DES implantation [6-8]. Therefore, 6- to 12-month 
DAPT is recommended by major interventional societ-
ies, but the recommendations are based largely on ob-
servational studies or expert opinions in the early peri-
od of DES. Subsequently, several medium-to-large sized 
RCTs have been performed to determine the optimal 
duration of DAPT after DES implantation.

OPTIMAL DURATION OF DAPT

RCTs focusing on short-term DAPT (< 1 year)
Six RCTs have been performed to determine the rel-
ative efficacy of 3 to 6 months of DAPT (Table 1). The 
Real Safety and Efficacy of 3-month Dual Antiplatelet 
Therapy following Endeavor Zotarolimus-Eluting Stent 
Implantation (RESET) [39] and Optimized Duration of 

Clopidogrel Therapy Following Treatment with the 
Zotarolimus-Eluting Stent in Real-World Clinical Prac-
tice (OPTIMIZE) [40] trials compared 3-month DAPT 
with 12-month DAPT. DAPT longer than 6 months was 
compared with 12- or 24-month DAPT in the Efficacy 
of Xience/Promus versus Cypher to Reduce Late Loss 
After Stenting (EXCELLENT) [41], Second-Generation 
Drug-Eluting Stent Implantation Followed by Six- ver-
sus Twelve-Month Dual Antiplatelet Therapy (SECURI-
TY) [42], Safety and Efficacy of Six-Month Dual Antiplate-
let Therapy After Drug-Eluting Stenting (ISAR-SAFE) 
[43], and Is There A Life for DES after Discontinuation of 
Clopidogrel (ITALIC) [44] trials. These studies have uni-
formly proved the non-inferiority of short-term DAPT 
(3 to 6 months) compared to longer-term DAPT (12 to 24 
months) with similar rates of ischemic events and low-
er rates of bleeding events. However, because of their 
non-inferiority design, the number of study subjects 
was insufficient to independently evaluate their efficacy 
on ST. In addition, a lower-than expected incidence of 
clinical events was another limitation in these studies. 
Lastly, most of these trials (except the ISAR-SAFE) ran-
domized the patients at the time of PCI, not at the time 
when DAPT was discontinued, which may have diluted 
the treatment effects.

RCTs focusing on long-term DAPT (> 1 year): impli-
cations for a DAPT trial
Five RCTs have been performed to determine the 
benefit of longer-term DAPT (> 12 months) compared 
to shorter-term DAPT (6 to 12 months) (Table 2). The 
Prolonged Dual Antiplatelet Treatment after Grading 
Stent-Induced Intimal Hyperplasia Study (PRODIGY) 
[45] compared 24-month DAPT to 6-month DAPT, and 
the Assessment by a Double Randomization of a Conven-
tional Antiplatelet Strategy versus a Monitoring-guided 
Strategy for Drug-Eluting Stent Implantation and of 
Treatment Interruption versus Continuation One Year 
after stenting (ARCTIC)-interruption [46], the Optimal 
duration of dual antiplatelet therapy after drug-eluting 
stent implantation (DES-LATE) [47], the OPTImal DUAL 
antiplatelet therapy (OPTIDUAL) [48], and the DAPT [49] 
studies compared various durations of long-term DAPT 
(18 to 48 months) to 12-month DAPT. These studies were 
designed to prove the superiority of long-term DAPT, 
and randomized the patients at the time DAPT was dis-
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Table 2. Randomized clinical trials focusing on long-term DAPT (> 1 year)

Trial
No. of 

patients
Second
 DES, %

ACS, %
Randomization,

 mon
Primary

 endpoints
Primary endpointsa,
 HR; 95% CI; p value

ST, no. of event/
no. at riskb

PRODIGY [45] 1,399 50.2 38.4 6 vs. 24 Death/MI/CVA 0.98; 0.74–1.29; 0.91 15/983 vs. 13/987

ARCTIC-
 interruption [46]

1,259 62.6 NR 12 vs. 18–24 Death/MI/ST/
 CVA/TVR

1.17; 0.68–2.03; 0.58 3/624 vs. 0/635

DES-LATE [47] 5,045 29.4 60.7 12 vs. 36 Cardiac death/MI/
 CVA

0.94; 0.66–1.35; 0.75 11/2,514 vs. 
7/2,531c

OPTIDUAL [48] 1,385 59.3 - 12 vs. 48 Death/MI/stroke/
 major bleeding

0.75; 0.50–1.28; 0.17 0/690 vs. 3/695

DAPT [49] 9,961 59.9 42.6 12 vs. 30 ST
MACE (death/MI/
 stroke)

3.45; 2.08–5.88;
 < 0.001 for ST
1.41; 1.18–1.69;
 < 0.001 for MACE

65/4,941 vs.
 19/5,020

DAPT, dual anti-platelet treatment; DES, drug-eluting stent; ACS, acute coronary syndrome; HR, hazard ratio; CI, confidence 
interval; ST, stent thrombosis; PRODIGY, Prolonged Dual Antiplatelet Treatment after Grading Stent-Induced Intimal Hyper-
plasia Study; MI, myocardial infarction; CVA, cerebrovascular accident; ARCTIC, Assessment by a Double Randomization of 
a Conventional Antiplatelet Strategy versus a Monitoring-guided Strategy for Drug-Eluting Stent Implantation and of Treat-
ment Interruption versus Continuation One Year after stenting; NR, not reported; TVR, target vessel revascularization; DES-
LATE, duration of clopidogrel therapy after drug-eluting stent; OPTIDUAL, OPTImal DUAL antiplatelet therapy; MACE, 
major adverse cardiovascular event.
aResults are HR of short-term DAPT (3 to 6 months) compared to the 12 to 24 months DPAT; p values were for superiority.
bDefinite or probable stent thrombosis.
cOnly incidence of definite stent thrombosis was available. 

Table 1. Randomized clinical trials focusing on short-term DAPT (< 1 year)

Trial
No. of

 patients
Second 
DES, %

ACS,
 %

Randomization, 
mon

Primary endpoints
Primary endpointsa,
 HR; 95% CI; p value

ST, no. of 
events/

no. at riskb

OPTIMIZE [40] 3,119 100 5.4 3 vs. 12 Death/MI/CVA/major
 bleeding

1.03; 0.77–1.38; 0.84 13/1,563 vs.
 12/1,556

RESET [39] 2,148 44.8 58.6 3 vs. 12 Cardiac death/MI/ST/
TVR/ bleeding

Risk difference
0; −2.5 to 2.5; 0.84

2/1,059 vs.
 3/1,058

EXCELLENT [41] 1,443 74.8 51.1 6 vs. 12 Cardiac death/MI/
 ischemia driven TVR

1.14; 0.70–1.86; 0.60 6/722 vs. 
1/721

ISAR-SAFE [43] 4,000 88.6 40.0 6 vs. 12 Death/MI/ST/CVA/
 bleeding

0.91; 0.55–1.50; 0.70 5/1,997 vs.
 3/2,003c

SECURITY [42] 1,399 100 38.4 6 vs. 12 Cardiac death/MI/CVA/
ST/ bleeding

Risk difference 
3.7; 2.3–5.1; 0.469

2/682 vs.
 3/717

ITALIC [44] 1,850 100 23.4 6 vs. 24 Death/MI/CVA/TVR/
 bleeding

1.07; 0.52–2.22; 0.85 3/912 vs.
 0/910

DAPT, dual anti-platelet treatment; DES, drug-eluting stent; ACS, acute coronary syndrome; HR, hazard ratio; CI, confidence 
interval; ST, stent thrombosis; OPTIMIZE, Optimized Duration of Clopidogrel Therapy Following Treatment with the Zotar-
olimus-Eluting Stent in Real-World Clinical Practice; MI, myocardial infarction; CVA, cerebrovascular accident; RESET, Real 
Safety and Efficacy of 3-month Dual Antiplatelet Therapy following Endeavor Zotarolimus-Eluting Stent Implantation; TVR, 
target vessel revascularization; EXCELLENT, Efficacy of Xience/Promus versus Cypher to Reduce Late Loss After Stenting; IS-
AR-SAFE, Safety and Efficacy of Six-Month Dual Antiplatelet Therapy After Drug-Eluting Stenting; SECURITY, Second-Gen-
eration Drug-Eluting Stent Implantation Followed by Six- versus Twelve-Month Dual Antiplatelet Therapy; ITALIC, Is There 
A Life for DES after Discontinuation of Clopidogrel.
aResults are HR for short-term DAPT (3 to 6 months) compared to 12 to 24 months DPAT; p values were for superiority.
bDefinite or probable stent thrombosis.
cOnly incidence of definite stent thrombosis was available.
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continued (except the PRODIGY trial). Therefore, these 
studies were able to directly speculate on the effect of 
prolonged DAPT after DES implantation. However, the 
ARCTIC-interruption, PRODIGY, DES-LATE, and OP-
TIDUAL trials failed to prove superiority in terms of 
their composite primary outcomes. These studies also 
shared limitations of an open-label design and a lower 
than expected event rate, which could be associated with 
underpowered results.

The largest DAPT trial provided the superiority 
of long-term (30 months) over standard duration (12 
months) DAPT. Overall, 9,921 patients were randomized 
to receive aspirin plus clopidogrel or aspirin plus pla-
cebo treatments after completing 12-month DAPT. As 
a result, long-term DAPT up to 30 months clearly de-
creased the risk of ST (hazard ratio [HR], 0.29; 95% confi-
dence interval [CI], 0.17 to 0.48; p < 0.001) and composite 
of death, MI, or stroke (HR, 0.71; 95% CI, 0.59 to 0.85; p < 
0.001) compared to standard DAPT. At the expense of an 
improved efficacy outcome, this study also showed an 
increased risk for moderate to severe bleeding (2.5% vs. 
1.6%, p = 0.001) and an increased rate of all-cause mortal-
ity in the long-term DAPT arm (2.0% vs. 1.5%, p = 0.05). 
Most of the extra mortality in the long-term DAPT arm 
was non-cardiac cause (1.0% vs. 0.5%, p = 0.002), which 
might be explained by a chance effect or the enrollment 
of a large number of patients with cancer in this arm. 
The DAPT trial has unique strengths over other stud-
ies that focused on the efficacy of long-term DAPT. This 
study was a placebo-controlled trial, which minimizes 
potential selection bias compared to other open-label 
studies. In addition, the number of participants in the 
DAPT study was larger than the sum of all other trials 
and provided sufficient power for proving their superi-
ority hypothesis and generalizability. 

The results of several meta-analyses have been pub-
lished. A network meta-analysis from Palmerini et al. 
[50] showed that those receiving shorter-term DAPT (≤ 
12 months) had a higher risk of definite or probable ST 
(HR, 2.50; 95% CI, 1.70 to 4.00) and MI (HR, 1.60; 95% CI, 
1.40 to 2.10) compared to patients receiving longer-term 
DAPT (> 12 months), but a lower risk of major bleeding 
(HR, 0.58; 95% CI, 0.45 to 0.74) and all-cause death (HR, 
0.82; 95% CI, 0.65 to 1.00), mainly driven by non-cardi-
ac causes. Similarly, another meta-analysis by Giustino 
et al. [51] also showed similar findings (odd ratio [OR], 

1.71; 95% CI, 1.26 to 2.32; p = 0.001 for ST) (OR, 1.39; 95% 
CI, 1.20 to 1.62; p < 0.001 for MI) (OR, 0.63; 95% CI, 0.52 
to 0.75; p < 0.001 for major bleeding), except the OR for 
all-cause mortality was not significant (OR, 0.87; 95% CI, 
0.74 to 1.01; p = 0.073). 

Although the interaction term between DES type and 
DAPT was not significant in the DAPT trial (p for inter-
action = 0.76), more than half of the ST events (57.1%, 
48/84) occurred in patients receiving a paclitaxel-elut-
ing stent. Similarly, the meta-analysis by Giustino et al. 
[51] reported that the risk for ST in short-term to long-
term DAPT was more exaggerated with first generation 
DESs (OR, 3.94; 95% CI, 2.20 to 7.05) compared to that of 
second generation DESs (OR, 1.54; 95% CI, 0.96 to 2.47; 
p for interaction = 0.008). In addition, another co-pri-
mary endpoint of MACE (major adverse cardiovascular 
event; defined as composite of death, stroke, and MI) also 
showed a significant interaction with stent type (p for in-
teraction = 0.048), with a lesser effect of prolonged DAPT 
in second generation DESs. Such findings indicate that 
the effect of long-term DAPT on ST prevention could be 
attenuated in the current era of second generation DES, 
and the result from the DAPT study should be cautiously 
applicable in contemporary PCI practice.

CURRENT GUIDELINE RECOMMENDATIONS 
FOR DAPT DURATION 

The traditional concept of 6 to 12 months of DAPT has 
not been supported by strong and compelling evidence 
based on RCT data; therefore, it might not be surpris-
ing that there have been some inconsistencies across 
recommendations from major societies. However, after 
publication of a series of major trials, a more reliable 
recommendation has been suggested (Tables 3 and 4). In 
the 2016 focused updates on the duration of DAPT, the 
American College of Cardiology Foundation/American 
Heart Association/Society for Cardiovascular Angiogra-
phy and Interventions (ACCF/AHA/SCAI) recommend-
ed a minimum duration decrease from 12 to 6 months 
among patients with stable coronary artery disease 
(CAD) treated with DES [52]. This recommendation was 
based on the lower risk of ST from newer-generation 
DESs and comparable results of RCTs comparing short-
term versus 12-month DAPT (Table 1). In addition, there 
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Table 3. Current updated guideline recommendations on optimal duration of DAPT: stable coronary artery disease

ACCF/AHA/SCAI 2016 Class Level

P2Y 12 inhibitor therapy with clopidogrel should be given for a minimum of 1 month to patients
 with SIHD treated with DAPT after BMS implantation.

I A

P2Y 12 inhibitor therapy with clopidogrel should be given for at least 6 months to patients with
 SIHD treated with DAPT after DES implantation.

I B

DAPT should be continued with clopidogrel for > 1 month in patients treated with a BMS
 or > 6 months in patients treated with a DES for those with SIHD treated with DAPT after BMS
 or DES implantation who have tolerated DAPT without a bleeding complication and who are not at
 high bleeding risk (e.g., prior bleeding on DAPT, coagulopathy, oral anticoagulant use).

IIb A

P2Y 12 inhibitor therapy should be discontinued after 3 months in patients with SIHD treated
 with DAPT after DES implantation who develop a high risk of bleeding (e.g., treatment with
 oral anticoagulant therapy), are at high risk of a severe bleeding complication (e.g., major
 intracranial surgery), or develop significant overt bleeding.

IIb C

ESC/EACTS 2014

DAPT is indicated for at least 1 month after BMS implantation. I A

DAPT is indicated for 6 months after DES implantation. I B

Shorter DAPT duration (< 6 months) may be considered after DES implantation in patients at
 high risk for bleeding.

IIb A

Life-long single antiplatelet therapy, usually ASA, is recommended. I A

DAPT may be used for > 6 months in patients at high ischemic risk and low bleeding risk. IIb C

DAPT, dual anti-platelet treatment; ACCF, American College of Cardiology Foundation; AHA, American Heart Association; 
SCAI, Society for Cardiovascular Angiography and Interventions; SIHD, stable ischemic heart disease; BMS, bare-metal stent; 
DES, drug-eluting stent; ESC, European Society of Cardiology; EACTS, European Association for Cardio-Thoracic Surgery; 
ASA, acetylsalicylic acid.

Table 4. Current updated guideline recommendations on optimal duration of DAPT: acute coronary syndrome

ACCF/AHA/SCAI 2016 Class Level

P2Y 12 inhibitor therapy (clopidogrel, prasugrel, or ticagrelor) should be given for at least
 12 months to patients with ACS (NSTE-ACS or STEMI) treated with DAPT after BMS or
 DES implantation. 

I B

It may be reasonable to continue DAPT (clopidogrel, prasugrel, or ticagrelor) for > 12 months 
in patients with ACS (NSTE-ACS or STEMI) treated with coronary stent implantation who
 have tolerated DAPT without a bleeding complication and who are not at high bleeding risk 
(e.g., prior bleeding on DAPT, coagulopathy, oral anticoagulant use).

IIb A

Discontinuing P2Y 12 inhibitor therapy may be reasonable after 6 months in patients with
 ACS treated with DAPT after DES implantation who develop a high risk of bleeding
 (e.g., treatment with oral anticoagulant therapy), are at high risk of severe bleeding
 complication (e.g., major intracranial surgery), or develop significant overt bleeding.

IIb C

ESC/EACTS 2014

A P2Y 12 inhibitor is recommended in addition to ASA and should be maintained over 12 months
 unless there are contraindications such as excessive risk of bleeding.

I A

DAPT, dual anti-platelet treatment; ACCF, American College of Cardiology Foundation; AHA, American Heart Association; 
SCAI, Society for Cardiovascular Angiography and Interventions; NSTE-ACS, non–ST-elevation acute coronary syndromes; 
STEMI,  ST-elevation myocardial infarction; BMS, bare-metal stent; DES, drug-eluting stent; ESC, European Society of Cardi-
ology; EACTS, European Association for Cardio-Thoracic Surgery; ASA, acetylsalicylic acid.
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were two class IIb recommendations that considered ef-
ficacy (prevention of ST and ischemic events) and risk 
(bleeding) in individuals. In patients with stable CAD 
who underwent DES implantation, 3 months of DAPT 
was reasonable in patients with a high risk of bleeding. 
In contrast, more than 6 months of ‘standard’ DAPT 
may also be reasonable in patients without such risk. 
In the setting of ACS, at least 12 months of DAPT was 
sustained, but 6-month DAPT in high-bleeding risk pa-
tients and > 12-month DAPT in those not at risk for high 
bleeding may also be reasonable (class IIB). 

These updated guidelines have two important clini-
cal implications. First, the guidelines from two major 
societies (ACCF/AHA/SCAI and European Society of 
Cardiology/European Association for Cardio-Thoracic 
Surgery) shared similar recommendations on DAPT du-
ration, which reflects the stronger supporting evidence 
compared with the previous guidelines. Second, more 
individualized DAPT duration is recommended in both 
guidelines, which is in line with the concept of ‘person-
alized medicine.’ Therefore, predicting each patient’s 

risk and benefit from long-term DAPT is currently an 
area of importance.

RISK PREDICTION MODEL TO DEFINE OPTI-
MAL DAPT DURATION

Yeh et al. [53] established a scoring system that classified 
patients who could mostly benefit from longer duration 
DAPT based on the DAPT trial. The scoring system con-
sisted of one negative component (age) and eight posi-
tive components (smoking, diabetes, MI at presentation, 
prior PCI or MI, paclitaxel-eluting stent, stent diame-
ter < 3 mm, congestive heart failure or left ventricular 
ejection fraction < 30%, and vein graft stent) (Table 5). 
Patients with a DAPT score ≥ 2 had a larger reduction 
in MI or ST with long-term DAPT (risk difference [RD], 
−3.0%; 95% CI, −4.1 to −2.0; p < 0.001) compared to those 
with a DAPT score < 2 (RD, −0.7%; 95% CI, −1.4 to 0.09; 
p = 0.07; p for interaction < 0.001). In contrast, the low 
score group showed a significant increase in bleeding 
risk (RD, 1.5%; 95% CI, 0.8 to 2.3; p < 0.001) compared 
with that in the high score group (RD, 0.4%; 95% CI, −0.3 
to 1.0; p = 0.26; p for interaction = 0.02). Although the 
direct application of such a system might be limited due 
to its modest discriminating performance in the origi-
nal cohort (c-statistic 0.70 for the ischemia model; 0.68 
for the bleeding model) and even reduced discrimina-
tion in external validation, the scoring system itself is an 
important attempt in terms of ‘personalized medicine,’ 
which balances the benefit and risk ratio of prolonged 
DAPT therapy among patients receiving DES implan-
tation.

BIOABSORBABLE VASCULAR SCAFFOLD 
THROMBOSIS AND OPTIMAL DAPT DURA-
TION

Bioabsorbable vascular scaffolds (BVSs) are a currently 
emerging interventional technology of interest charac-
terized by transient arterial support and self-degrada-
tion, which are expected to have a benefit over perma-
nent metallic DESs [54]. Several RCTs have shown that 
clinical outcomes after BVS implantation are compa-
rable to those of currently used DESs [55-60]. However, 

Table 5. Elements of the DAPT score (total score range, −2 
to 10)

Variable Points

Age, yr
≥ 75 −2

65–75 −1

< 65 0

Smoking 1

Diabetes mellitus 1

MI at presentation 1

Prior PCI or MI 1

Paclitaxel-eluting stent 1

Stent diameter < 3 mm 1

CHF or LVEF < 30 2

Vein graft stent 2

Adapted from Yeh et al., with permission from American 
Medical Association [53]. A score ≥ 2 is associated with a 
favorable benefit/risk ratio for prolonged DAPT, whereas a 
score < 2 is associated with an unfavorable benefit/risk ratio. 
DAPT, dual anti-platelet treatment; MI, myocardial infarc-
tion; PCI, percutaneous coronary intervention; CHF, con-
gestive heart failure; LVEF, left ventricular ejection fraction. 
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notwithstanding its comparable efficacy and conceptual 
advantage, concerns about a higher rate of early ST com-
pared to contemporary DESs were recently issued. Pu-
ricel et al. [61] showed that ST occurred in 3% (42/1,305) 
of the total population treated with BVSs during a 
12-month follow-up. Half of the ST events occurred 
during the early period (< 30 days) after implantation, 
and the others occurred during the late period, reflect-
ing the ongoing risk of ST over time. The higher risk of 
ST with the use of BVSs compared to DESs was consis-
tently found in two large meta-analyses from Stone et 
al. [59] (OR, 2.09; 95% CI, 0.92 to 4.75) [59] and Cassese et 
al. [60] (OR, 1.99; 95% CI, 1.00 to 3.95). This higher risk of 
thrombosis might be related to mechanical factors (i.e., 
under-expansion, loss of BVS integrity with subsequent 
mal-apposition, or anomalous resorption) and suspend-
ed or inadequate anti-platelet treatment [61-63]. To date, 
the major interventional societies have not made any 
recommendations on DAPT duration following BVS 
implantation. More compelling evidence from a RCT or 
large registry data would be required to determine the 
optimal DAPT duration following BVS implantation. 

CONCLUSIONS

Although the efficacy of prolonged DAPT to reduce 
ischemic events after DES implantation was proved in 
the DAPT trial, their results could be different in con-
temporary practice, as more advanced DES with bio-
compatible or biodegradable polymers have been widely 
used recently [64]. In addition, large-sized data from ob-
servational registries would be required to complement 
the key findings of RCTs in “real-world” clinical prac-
tice. BVSs are another new challenge in terms of deter-
mining DAPT duration. Although patients who receive 
currently available BVSs seem to be at potentially higher 
risk of early ST, optimal DAPT duration following BVS 
implantation should be determined in large-sized clin-
ical trials with a long-term follow-up. In addition, most 
previous DAPT trials were designed to use aspirin as the 
backbone drug and to test the additional efficacy and 
safety of P2Y12 receptors as a controlled intervention. 
However, clopidogrel alone potentially could have sim-
ilar or slightly better efficacy than that of aspirin alone 
for preventing recurrent ischemic events [65]. Therefore, 

data on single-use clopidogrel or newer P2Y12 blockers 
(prasugrel or ticagrelor) compared to prolonged DAPT 
would also be interesting; the ongoing GLOBAL LEAD-
ERS (comparative effectiveness of 1 month of ticagrelor 
plus aspirin followed by ticagrelor monotherapy ver-
sus a current-day intensive dual antiplatelet therapy 
in all-comers patients undergoing percutaneous coro-
nary intervention with bivalirudin and biomatrix fam-
ily drug-eluting stent use) trial (NCT01813435) and the 
STAMP-DES (short-term dual antiplatelet and mainte-
nance clopidogrel therapy after drug-eluting stent im-
plantation) trial (NCT02494284) will provide a reliable 
answer to this issue.

In conclusion, DAPT is a fundamental component of 
post-PCI care for the prevention of ST and major ad-
verse events. Based on currently available evidence, 6 to 
12 months of DAPT are recommended following DES 
implantation. Decisions about the duration of DAPT are 
best made on an individual basis and should integrate 
clinical judgment, assessment of the benefit/risk ratio, 
and patient preference.
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