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Background: The optimal dual antiplatelet therapy (DAPT) duration after second-generation 

drug-eluting stent (DES) implantation remains unclear. We aim to evaluate the efficacy and 

safety of short-term (#6 months) and long-term ($12 months) DAPT after second-generation 

DES implantation.

Methods: Randomized controlled trials (RCTs) were searched in PubMed, the Cochrane 

Library, the Embase and ClinicalTrials.gov in the English language. The endpoints included all-

cause mortality, cardiac death, non-cardiac death, myocardial infarction (MI), stent thrombosis 

(ST), stroke, all bleeding, and major bleeding. The effect estimate was expressed by using the 

hazard ratio (HR) with 95% CI and random effect models.

Results: Seven RCTs with 13,571 patients were included in this study. In terms of survival 

endpoints, there was no significant difference in all-cause mortality (HR: 0.91; 95% CI: 

0.71–1.17), cardiac death (HR: 0.93; 95% CI: 0.67–1.29), and non-cardiac death (HR: 0.89; 

95% CI: 0.62–1.28) in the 2 groups. Moreover, there was no significant difference in ischemic 

outcomes, including MI (HR: 1.15; 95% CI: 0.91–1.45), ST (HR: 1.11; 95% CI: 0.75–1.66), 

and stroke (HR: 0.85; 95% CI: 0.53–1.35) in the 2 groups. In terms of bleeding endpoints, 

there was no significant difference in all bleeding (HR: 0.81; 95% CI: 0.64–1.04) and major 

bleeding (HR: 0.82; 95% CI: 0.49–1.36) in the 2 groups. The subgroup analysis showed that 

the proportion of patients with acute coronary syndrome was not associated with the benefit of 

long-term versus short-term DAPT.

Conclusion: Short-term DAPT is not inferior to long-term DAPT in patients implanted with 

second-generation DES.

Keywords: dual antiplatelet therapy, second-generation drug-eluting stent implantation, 

meta-analysis

Introduction
Dual antiplatelet therapy (DAPT) is the standard therapy for patients with coronary 

artery disease after percutaneous coronary intervention (PCI). Second-generation 

drug-eluting stent (DES) is widely used in clinical practice. However, the optimal 

DAPT duration for second-generation DES remains unclear.

The 2016 American College of Cardiology/American Heart Association (ACC/

AHA) guidelines recommend at least 6 months of DAPT after DES implantation in 

patients with stable ischemic heart disease (SIHD).1 For patients with acute coronary 

syndrome (ACS), the guidelines recommend at least 12 months of DAPT after DES 
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implantation. Moreover, the guidelines further suggest that 

the DAPT duration should be made individually according 

to the risk of ischemia and bleeding. However, a DAPT 

duration after second-generation DES implantation was not 

recommended in the guidelines. The guidelines of the 2017 

European Society of Cardiology (ESC) update on DAPT 

in coronary artery disease (CAD) recommends that DAPT 

should be considered for 6 months after coronary stent 

implantation in patients with stable CAD,2 regardless of the 

stent type. For patients with ACS and without contraindica-

tions after coronary stent implantation, the guidelines recom-

mend a DAPT duration of 12 months. If patients have a high 

bleeding risk, the guidelines recommend a DAPT duration 

of 3 months for patients with stable CAD and 6 months for 

patients with ACS.

Studies have confirmed that second-generation DES is 

more beneficial than first-generation DES3–5 as it reduced 

the late ST risk. Therefore, it is reasonable to shorten the 

DAPT duration after second-generation DES implantation. 

Currently, some studies have evaluated the efficacy and 

safety of short-term DAPT duration after second-generation 

DES implantation.6–12 Because of the limitations of sample 

size and low event rates, the results were without statistical 

power. Accordingly, we performed a meta-analysis to 

evaluate the efficacy and safety of short- (#6 months) and 

long-term ($12 months) DAPT durations after second-

generation DES implantation.

Methods
search strategy
The study search was performed by 2 investigators (H-QL 

and W-QG). We searched for studies in PubMed, the 

Cochrane Library, Embase and ClinicalTrials.gov in English. 

The retrieval time was limited from January 1, 2000 to 

July 31, 2017. With the keywords of second-generation 

drug-eluting stent, dual antiplatelet therapy (DAPT) and 

randomized controlled trials, two investigators searched 

for RCTs independently. After reading the studies, if dis-

agreement existed, a third investigator (W-RD) discussed 

the disagreement with H-QL and W-QG to make the final 

decision. Because these analyses were based on previously 

published studies, there was no requirement for ethical 

approval and patient consent.

inclusion and exclusion criteria
The inclusion criteria included the following: 1) object 

of study: patients received DAPT after second-generation 

DES implantation; 2) intervention: short-term (#6 months) 

DAPT; 3) comparison: long-term ($12 months) DAPT; 

4) outcomes: all-cause mortality, cardiac death, non-cardiac 

death, MI, ST, stroke, all bleeding and major bleeding; 

5) study type: RCTs.

The exclusion criteria included the following: 1) the 

object of study included non-second-generation DES 

implantation; 2) the studies did not report outcomes as per 

the inclusion criteria; 3) the intervention or comparison did 

not include short-term (#6 months) DAPT or long-term 

($12 months) DAPT; 4) any observational study.

Data extraction and endpoint
The investigators extracted the characteristics of the patients, 

including age and gender, the presence of diabetes mellitus, 

hypertension, prior MI, prior coronary artery bypass grafting 

(CABG), and prior PCI, and the proportion of ACS in 

patients. The endpoints of our study included all-cause 

mortality, cardiac death, non-cardiac death, MI, ST, stroke, 

all bleeding and major bleeding. The definitions of these 

endpoints were given according to the original definition 

in the studies.

Quality assessment
Assessment of the risk of bias was performed by using the 

Cochrane Handbook risk of bias instrument. The content of 

the bias included selection bias, performance bias, detec-

tion bias, attrition bias, reporting bias and other biases. The 

degree of assessment included low risk, unclear risk and 

high risk.

statistical analyses
The statistical analyses were performed by using STATA, 

version 14.0 (StataCorp LLC, College Station, TX, USA). 

We expressed the estimated effect by using the hazard ratio 

(HR) with 95% CI and random effect models. If the studies 

reported an HR with 95% CI, we extracted them directly. If 

an HR with 95% CI was not reported in the studies, we esti-

mated by using the following formula: log-HR =2× (events 

group1 - events group2)/(events group1 + events group2), 

variance log-HR =4/(events group1 + events group2).13,14 

P-values ,0.05 indicated statistical significance. We used 

the I 2 statistic to check heterogeneity, and I 2,25% was 

considered low, 25#I 2#50% was considered moderate, 

and .50% was considered high heterogeneity. A sensitivity 

analysis was performed by excluding studies one by one, and 

then the analysis was repeated. If the direction of the overall 

effect was consistent, the results were considered stable. 
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We plotted the funnel plot and performed an Egg’s test to 

assess publication bias.

Results
According to the search strategy, 651 relevant articles were 

identified. After finding duplicates and scanning the titles and 

abstracts, we read the full text of the 14 articles. Four RCTs 

did not include an intervention of short-term (#6 months) 

DAPT,15–18 and 2 RCTs did not report specific results about 

second-generation DES.19,20 We excluded the IVUS-XPL 

trial because the patients were implanted with long DES.21 

As a result, there was a total of 7 RCTs,6–12 including 

13,571 patients, in our study. In total, 6,766 patients were in 

the short-term DAPT group, and 6,805 patients were in the 

long-term DAPT group. The details of article searching and 

the reasons for exclusion can be seen in Figure 1. The char-

acteristics of the studies and patients are shown in Tables 1 

and 2. All the included studies were RCTs with allocation 

concealment without selective reporting and open label trials. 

The quality assessment of the studies is shown in Figure 2. 

The definition of major bleeding was slightly different in the 

included studies. Other endpoints had the same definition.

Among the included studies, there was 1 RCT that 

compared results at 3 and 12 months, 1 RCT that com-

pared at 6 and 18 months, 2 RCTs that compared at 6 and 

Figure 1 Details of the searched articles and the reasons for exclusion.
Abbreviations: DaPT, dual antiplatelet therapy; Des, drug-eluting stent. T
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https://ClinicalTrials.gov/ct2/show/NCT01113372, and NIP-

PON https://ClinicalTrials.gov/ct2/show/NCT01514227). 

Some patients in the EXCELLENT https://ClinicalTrials.gov/

ct2/show/NCT00698607 and PRODIGY https://ClinicalTri-

als.gov/ct2/show/NCT00611286 trials were implanted with 

other stents, eg, 25% in the EXCELLENT and 50% in the 

PRODIGY trial; however, there were subgroups utilized to 

analyze patients with second-generation DES. The endpoints 

of all-cause mortality, cardiac death, non-cardiac death, MI, 

ST and stroke were reported in all the included studies. All 

bleeding was not reported in NIPPON and PRODIGY, and 

major bleeding was not reported in PRODIGY.

For all-cause mortality, there were 126 patients in the 

short-term DAPT group and 138 patients in the long-term 

DAPT group. For cardiac death, there were 69 patients in 

the short-term DAPT group and 74 patients in the long-term 

DAPT group. For non-cardiac death, there were 57 patients 

in the short-term DAPT group and 64 patients in the long-

term DAPT group. There were no significant differences in 

all-cause mortality (HR: 0.91; 95% CI: 0.71–1.17, P=0.48, 

I 2=5.1%), cardiac death (HR: 0.93; 95% CI: 0.67–1.29, 

P=0.68, I2=0%), and non-cardiac death (HR: 0.89; 95% CI: 

0.62–1.28, P=0.53, I2=2.4%) (Figure 3).

In terms of MI, there were 149 patients in the short-term 

DAPT group and 138 patients in the long-term DAPT group. 

For ST, there were 52 patients in the short-term DAPT group 

and 46 patients in the long-term DAPT group. For stroke, there 

were 42 patients in the short-term DAPT group and 51 patients 

in the long-term DAPT group. There were no significant 

differences in ischemic outcomes, including MI (HR: 1.15; 

95% CI: 0.91–1.45, P=0.26, I2=0%), ST (HR: 1.11; 95% CI: 

0.75–1.66), P=0.59, I2=0%), and with stroke risk (HR: 0.85; 

95% CI: 0.53–1.35, P=0.50, I2=14.8%) (Figure 4).

For all bleeding, there were 115 patients in the short-term 

DAPT group and 142 patients in the long-term DAPT group. 

Table 2 characteristics of patients

Study Age Gender DM Hypertension Dyslipidemia Smoking Prior 
MI

Prior 
PCI

Prior 
CABGS L S (male/

female)
L (male/
female)

secUriTY10 64.9±10.2 65.5±10.1 529/153 551/166 0.31 0.73 0.63 0.22 0.21 0.18 0.06
iTalic11 61.6±10.9 61.5±11.2 750/176 733/191 0.37 0.65 0.67 0.52 0.15 0.24 0.06
i-lOVe-iT 28 60.4±10.2 60.0±10.0 611/298 632/288 0.23 0.63 0.24 0.38 0.17 0.07 0.00
OPTiMiZe7 61.3±10.4 61.9±10.6 992/571 982/574 0.35 0.87 0.61 0.18 0.35 0.20 0.08
niPPOn6 67.4±9.6 67.2±9.9 1,312/341 1,304/350 0.38 0.72 0.68 0.59 0.12 0.26 0.02
eXcellenT12 na na na na na na na na na na na
PrODigY9 68±12 (Zes) 67±11 (Zes) 190/55 195/53 0.23 0.70 0.56 0.24 0.28 na 0.12

68±11 (ees) 68±11 (ees) 196/51 197/51

Abbreviations: s, short-term DaPT; l, long-term DaPT; Zes, zotarolimus eluting stents; ees, everolimus eluting stents; DM, diabetes mellitus; Mi, myocardial infarction; 
Pci, percutaneous coronary intervention; caBg, coronary artery bypass grafting; na, not available.

Figure 2 Quality assessment of the studies.

24 months, and 3 RCTs that compared at 6 and 12 months. 

The second-generation DES was used in 100% of patients 

in 5 RCTs (SECURITY https://ClinicalTrials.gov/ct2/

show/NCT00944333, ITALIC https://ClinicalTrials.

gov/ct2/show/NCT01476020, I-LOVE-IT 2 https://

ClinicalTrials.gov/ct2/show/NCT01681381, OPTIMIZE  
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For major bleeding, there were 41 patients in the short-term 

DAPT group and 48 patients in the long-term DAPT group. 

The risks of all bleeding (HR: 0.81; 95% CI: 0.64–1.04, 

P=0.1, I2=0%) and major bleeding (HR: 0.82; 95% CI: 

0.49–1.36, P=0.44, I2=27%) were similar in the 2 groups 

(Figure 5).

The results of the subgroup analysis are shown in Table 3. 

The proportion of patients with ACS was not associated 

with the overall benefit of long- versus short-term DAPT 

duration. The results of the sensitivity analysis are shown in 

Table 4, and funnel plots for the publication bias are shown 

in Figure 6.

Discussion
Comparing short-term (#6 months) with long-term ($12 

months) DAPT duration after second-generation DES 

implantation, our study found that there were no significant 

differences in survival, ischemia and bleeding outcomes.

short- versus long-term DaPT duration 
after second-generation Des
Second-generation DES was implemented with new frame 

material, new anti-proliferative drugs, such as everolimus, 

zotarolimus and biolimus, and new biodegradable poly-

meric coating. These factors reduce the risk of in-stent 

restenosis and late or very late stent thrombosis compared 

with first-generation DES. It is reasonable to shorten the 

DAPT duration after second-generation DES implantation. 

The SECURITY trial, including 1,399 patients follow-

ing second-generation DES implantation, showed that a 

6-month DAPT duration was not inferior to a 12-month 

DAPT duration regarding the risk of MACE (including 

cardiac death, ST, MI, stroke and major bleeding).10 The 

result was similar to EXCELLENT, which showed that the 

primary outcomes (death, ischemia and bleeding endpoints) 

had no significant differences between a 6- and 12-month 

Figure 3 survival endpoints of the studies.
Note: Weights are from random-effects analysis.
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DAPT duration.12 ITALIC showed that patients receiving a 

6-month DAPT duration with second-generation DES had 

similar outcomes compared with 24 months of DAPT dura-

tion.11 Moreover, OPTIMIZE compared a DAPT duration 

of 3 with 12 months and showed that the risk of ST tended 

to increase in patients with SCAD, and there was a low 

risk of ACS with a DAPT duration of 3 months; however, 

a 3-month DAPT duration was not inferior in the risk of 

all-cause death, MI, stroke and major bleeding compared 

with a 12-month DAPT duration.7 The results of NIPPON, 

including 3,307 patients, also showed that a 6-month DAPT 

duration was not inferior to an 18-month DAPT duration 

after second-generation DES implantation.6 However, the 

above studies are not without limitations. For example, 

the patients were recruited slowly over time, which results 

in selection bias. Additionally, these studies are without 

statistical power.

comparison with other studies
Palmerini et al22 compared DAPT durations of 3, 6 and 

12 months after DES using a network meta-analysis. They 

found that patients receiving a 3-month DAPT duration had 

a tendency for an increased risk of ischemic complications, 

although this risk was not found in patients with SCAD. 

Moreover, they found that the risk of bleeding tended to 

increase when the DAPT duration was increased. However, 

this study included patients with first-generation DES and 

did not further analyze patients with second-generation 

DES. Huang et al23 compared shorter DAPT durations 

with longer DAPT durations after second-generation DES 

implantation using a meta-analysis; with 5 RCTs and 8,407 

patients, they showed that longer ($12 months) DAPT dura-

tions had no significant effect compared to shorter DAPT 

durations.23 Thus, the latest study was not included in this 

study. Our study focused on DAPT duration for patients with 

Figure 4 ischemic endpoints of the studies.
Note: Weights are from random-effects analysis.
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second-generation DES and included all the available and 

relevant evidence.

complications of this study
The 2016 ACC/AHA guidelines for DAPT recommend that 

patients with ACS should have at least a 12-month DAPT 

duration after DES. The guidelines of the 2017 ESC recom-

mend that if there are no contraindications, patients with ACS 

after coronary stent implantation should be considered for a 

DAPT duration of 12 months. If patients can tolerate DAPT 

without bleeding complications, a DAPT duration longer than 

12 months should be considered. The results of I-LOVE-IT 

2 showed that a 6-month DAPT duration was not inferior to 

a 12-month DAPT duration after the biodegradable poly-

mer DES implantation. Compared with other trials, 82% of 

patients in this study were patients with ACS. This suggested 

that not all patients with ACS need to receive 12 months 

of DAPT duration after the biodegradable polymer DES 

implantation. It is reasonable to shorten the DAPT duration 

to 6 months for patients with a high risk of bleeding or for 

those that cannot tolerate DAPT. Nevertheless, the results of 

this study require more trials to make a definitive conclusion.

Figure 5 Bleeding endpoints of the studies.
Note: Weights are from random-effects analysis.

Table 3 subgroup analysis according to the proportion of patients with acs

Clinical outcomes Number ACS ,50% Number ACS .50% P-value

all-cause mortality 3 1.02 (0.48–2.17) 3 0.89 (0.66–1.20) 0.77
cardiac death 3 1.27 (0.65–2.49) 3 0.86 (0.59–1.25) 0.37
non-cardiac death 3 0.91 (0.35–2.40) 3 0.94 (0.59–1.52) 0.83
Mi 3 1.27 (0.78–2.07) 3 1.09 (0.82–1.44) 0.61
sT 3 1.56 (0.60–4.05) 3 1.00 (0.64–1.56) 0.45
stroke 3 1.18 (0.61–2.29) 3 0.74 (0.43–1.27) 0.34
all bleeding 2 0.70 (0.41–1.26) 2 0.87 (0.66–1.15) 0.61
Major bleeding 3 0.60 (0.26–1.39) 2 1.12 (0.45–2.81) 0.42

Notes: acs,50%, the proportion of patients with acs,50%; acs.50%, the proportion of patients with acs.50%.
Abbreviations: acs, acute coronary syndrome; Mi, myocardial infarction; sT, stent thrombosis.
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Table 4 Outcome of the sensitivity analysis

Endpoint Study Estimate 95% CI Endpoint Study Estimate 95% CI

all cause 
mortality

secUriTY10 0.91 0.67 1.23 cardiac 
death

secUriTY10 0.93 0.66 1.30
iTalic11 0.97 0.75 1.25 iTalic11 0.93 0.66 1.30
i-lOVe-iT 28 0.93 0.69 1.26 i-lOVe-iT 28 0.94 0.66 1.33
OPTiMiZe7 0.90 0.64 1.27 OPTiMiZe7 0.96 0.62 1.48
niPPOn6 0.84 0.65 1.08 niPPOn6 0.87 0.62 1.22
eXcellenT12 0.92 0.69 1.22 eXcellenT12 0.94 0.68 1.31
PrODigY9 0.93 0.68 1.29 PrODigY9 0.98 0.68 1.42
combined 0.91 0.71 1.17 combined 0.93 0.67 1.29

non-cardiac 
death

secUriTY10 0.90 0.58 1.39 Mi secUriTY10 1.15 0.90 1.49
iTalic11 1.04 0.70 1.54 iTalic11 1.13 0.89 1.45
i-lOVe-iT 28 0.92 0.59 1.41 i-lOVe-iT 28 1.15 0.87 1.52
OPTiMiZe7 0.85 0.55 1.33 OPTiMiZe7 1.14 0.85 1.51
niPPOn6 0.80 0.55 1.17 niPPOn6 1.12 0.89 1.43
eXcellenT12 0.89 0.59 1.34 eXcellenT12 1.13 0.89 1.44
PrODigY9 0.89 0.57 1.40 PrODigY9 1.20 0.94 1.54
combined 0.89 0.62 1.28 combined 1.15 0.91 1.45

sT secUriTY10 1.12 0.74 1.70 stroke secUriTY10 0.77 0.49 1.22
iTalic11 1.06 0.70 1.60 iTalic11 0.84 0.48 1.50
i-lOVe-iT 28 1.03 0.66 1.62 i-lOVe-iT 28 0.85 0.45 1.60
OPTiMiZe7 1.13 0.71 1.79 OPTiMiZe7 0.83 0.47 1.44
niPPOn6 1.09 0.73 1.64 niPPOn6 0.80 0.46 1.39
eXcellenT12 1.08 0.72 1.62 eXcellenT12 0.89 0.59 1.35
PrODigY9 1.38 0.85 2.24 PrODigY9 0.95 0.60 1.51
combined 1.11 0.75 1.66 combined 0.85 0.53 1.35

all bleeding secUriTY10 0.83 0.64 1.07 Major 
bleeding

secUriTY10 0.84 0.45 1.56
iTalic11 0.82 0.63 1.06 iTalic11 0.93 0.61 1.43
i-lOVe-iT 28 0.71 0.51 0.99 i-lOVe-iT 28 0.68 0.42 1.10
OPTiMiZe7 0.83 0.62 1.12 OPTiMiZe7 0.82 0.42 1.60
eXcellenT12 0.84 0.65 1.08 niPPOn6 0.76 0.38 1.49
combined 0.81 0.64 1.04 eXcellenT12 0.82 0.46 1.46

combined 0.82 0.49 1.36
Abbreviations: Mi, myocardial infarction; sT, stent thrombosis.

The results of our study suggested that a short-term 

DAPT duration is not inferior to a long-term DAPT dura-

tion for patients with second-generation DES. The subgroup 

analysis of our study showed that the proportion of patients 

with ACS was not associated with the overall benefit of 

long- versus short-term DAPT durations. However, patients 

with ACS are at high risk for myocardial infarction and stent 

thrombosis after PCI. The results of the latest SMART-

DATE trial showed that 6-month DAPT increased the risk 

of myocardial infarction compared with 12-month DAPT in 

patients with ACS undergoing PCI with current-generation 

DES.24 DAPT can be considered for patients with ACS 

without excessive risk of bleeding. Due to the high risk of 

patients with ACS and the limitation of our subgroup analy-

sis, the efficacy and safety of short-term DAPT for patients 

with ACS require more clinical trials to be evaluated. Most 

patients included in our study were at a low risk; thus, our 

conclusions may not be applicable to patients at high risk, 

such as those with complex PCI, lower-extremities artery 

disease and prior stent thrombosis. These patients were at 

increased risk of ischemic complications; thus, long DAPT 

durations may be considered in these patients. Giustino 

et al25 evaluated the efficacy and safety of different DAPT 

durations for patients with complex PCI. Complex PCI 

was defined as one of the following features: 3 vessels 

treated, $3 stents implanted, $3 lesions treated, bifurca-

tion with 2 stents implanted, total stent length .60 mm, 

or chronic total occlusion. The results showed that patients 

with complex PCI had a higher risk of ischemic events. 

Compared with short-term DAPT (3 or 6 months), long-term 

DAPT ($12 months) significantly reduced the risk of cardiac 

ischemic events.25 For patients with prior stent thrombosis, 

a study from Armstrong et al26 showed that patients with an 

initial stent thrombosis are at high risk for recurrent stent 

thrombosis; thus, a longer DAPT duration for these patients 

may be considered.

Limitations
There are several limitations in our study. First, due to the 

lack of individual data of patients with ACS, our study was 
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unable to solely evaluate the efficacy and safety in patients 

with ACS. We conducted a subgroup analysis according to 

the proportion of patients with ACS in the studies. Second, 

the definition of major bleeding is different in the included 

studies, which may lead to biases in the conclusions of a 

safe endpoint. Third, because the definition of major adverse 

cardiovascular events (MACE) is different in the included 

studies, we did not use it as an endpoint in our study. Regard-

ing the included MACE, we evaluated the efficacy and safety 

by indexes of death, ischemia and bleeding. Fourth, most of 

the P2Y12 inhibitor drugs in this study were clopidogrel; 

thus, our conclusion may only apply to DAPT with clopi-

dogrel. Finally, most patients included in this study were at 

a low risk; therefore, our conclusions may not applicable to 

patients at high risk.

Conclusion
Short-term (#6 months) DAPT duration is not inferior to 

long-term ($12 months) DAPT duration for patients with 

second-generation drug-eluting stents. Due to the limitations 

of this study, our conclusions need to be confirmed by more 

clinical trials.
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