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Abstract

Background—Dual antiplatelet therapy (DAPT) is recommended for ≥12 months following 

coronary drug-eluting stents (DES) to reduce risk of major adverse ischemic events. Randomized 

trials suggest an abbreviated DAPT duration (≤6 months) is adequately protective. However, these 

trials are individually underpowered to detect differences in rare but serious events such as stent 

thrombosis (ST).

Objectives—We performed a meta-analysis of published randomized trials to define the impact 

of abbreviated DAPT (≤6 months) on death, myocardial infarction (MI), stent thrombosis(ST) and 

bleeding complications compared to standard-duration DAPT (≥12 months).

Methods—Seven randomized controlled trials comparing abbreviated vs. standard DAPT 

regimens following DES use were identified by 2 independent investigators. Study characteristics 

were reviewed and clinical endpoint data were abstracted and analyzed in aggregate using fixed 

and random-effects models.

Results—The 7 trials included 15,874 randomized patients. Second-generation DES were used 

in most patients. Compared to standard-duration DAPT, abbreviated DAPT was not associated 

with an increase in mortality (OR 0.93; CI: 0.73 to 1.17; p = 0.52), MI (OR 1.14; CI: 0.89 to 1.45; 

p = 0.30) or ST (OR 1.25; CI: 0.81 to 1.93; p = 0.31). Abbreviated DAPT was associated with 

significantly fewer major bleeding complications (OR 0.52; CI: 0.34 to 0.82; p = 0.005). The 

results were consistent between fixed and random-effects models, with no heterogeneity. 

Sensitivity analyses adjusting for inclusion of bare metal stents, 1st generation DES and/or 

abbreviated DAPT regeimens of 3 months resulted in similar conclusions.

Conclusions—In a meta-analysis of >15,000 patients primarily treated with second-generation 

DES, abbreviated-duration DAPT (≤6 months) was associated with a significant reduction in 

Address for Correspondence: Khaled M. Ziada, MD Professor of Medicine Division of Cardiovascular Medicine Gill Heart Institute, 
University of Kentucky 900 S. Limestone Street 326 CT Wethington Bldg. Lexington, KY 40536-0200 Tel: 859-323-6195 Fax: 
859-323-6475 khaled.ziada@uky.edu. 

The authors have no conflict of interest to report in relation to this manuscript

HHS Public Access
Author manuscript
Catheter Cardiovasc Interv. Author manuscript; available in PMC 2017 March 01.

Published in final edited form as:
Catheter Cardiovasc Interv. 2016 March ; 87(4): 722–732. doi:10.1002/ccd.26110.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



major bleeding complications with no evidence of a significant increase in risk of death, MI or ST. 

Accordingly, abbreviated DAPT should be strongly considered for patients receiving second 

generation DES.
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INTRODUCTION

Dual antiplatelet therapy (DAPT) is required to prevent stent thrombosis (ST) following 

coronary stent implantation.(1) Interruption of DAPT is the primary etiology underlying ST 

in the early months following coronary stent implantation.(2) Given the serious clinical 

consequences of ST, antiplatelet therapy following stenting has been the subject of intense 

clinical research over the last two decades. The duration of mandatory DAPT was relatively 

well defined with use of bare metal stents (BMS), but variable delays in endothelialization 

following use of drug-eluting stents (DES) has rendered the optimal duration of DAPT 

following DES to be uncertain. In 2006, a US Food and Drug Administration (FDA) 

advisory panel recommended extending the duration of DAPT following DES to 12 months.

(3) While there was some evidence suggesting this duration to be associated with reduced 

risk,(4-6) there were no randomized clinical trial data to support such a recommendation. 

Nonetheless, given the concerns for higher ST rates with early DES, the 12 months of DAPT 

became the standard adopted in national practice guidelines.(7,8) Defining the optimal 

duration is further complicated by the guideline recommendation of using DAPT for one 

year in acute coronary syndrome patients regardless of type of stent,(9,10) and the recent 

results of a large randomized trial demonstrating a reduction in ischemic adverse outcomes, 

albeit with increased risk of bleeding if DAPT is used for >30 months post-stenting.(11)

Over the last 5 years, several randomized trials examined the possibility of a shorter DAPT 

duration and its impact on the major adverse ischemic events (MACE), specifically on the 

risk of ST.(12-18) In these trials, in which second-generation DES were predominantly used, 

abbreviated DAPT duration was not associated with an increased risk of ST or MACE 

overall. However, these studies were individually underpowered to detect differences 

between abbreviated and standard DAPT durations, particulary with rare events such as ST.

In this study, we sought to review and perform a meta-analysis of the randomized trials 

comparing abbreviated DAPT duration (≤6months) to the current standard duration DAPT 

(≥12months) following use of DES in coronary interventions.

METHODS

Review question and study protocol

Our analysis sought to answer the following question: Is an abbreviated-duration (≤6 

months) DAPT regimen as safe and effective in reducing major adverse outcomes following 

use of contemporary DES as a standard-duration (≥12 months) DAPT? We report this 
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protocol-driven systematic review and meta-analysis according to the Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses (PRISMA).(19)

Eligibility criteria

Two reviewers (K.M.Z. and A.A.L.) independently judged the eligibility of all studies. 

Eligible studies included randomized controlled trials (RCTs) examining the use of an 

abbreviated-duration (≤6 months) vs. standard-duration (≥12 months) DAPT after coronary 

implantation of DES. Non-randomized studies and case reports were excluded.

Search Strategy

We searched MEDLINE (January 1980 to February 2015), the Cochrane databases 

(February 2015), EMBASE (January 1980 to February 2015), CINAHL (January 1982 to 

February 2015), the US Food and Drug Administration Web site (http://www.fda.gov), and 

BIOSIS Previews (January 1980 to February 2015) using the following database-appropriate 

MESH terms: percutaneous coronary intervention, balloon angioplasty, stenting, drug-

eluting stents, duration, dual antiplatelet therapy and clinical outcomes. We identified 

additional studies by reviewing the reference lists of eligible studies, relevant review 

articles, and the published abstracts of the American Heart Association, the American 

College of Cardiology, the European Society of Cardiology, and the Trans-catheter 

Cardiovascular Therapeutics annual meetings.

Data Abstraction

Two reviewers (K.M.Z. and A.A.L.) working in duplicate and independently used a 

standardized form to abstract the data from each study. Disagreements were resolved by 

consensus. For each outcome, absolute event numbers were included and results were 

expressed as proportions among total participants with complete follow up in corresponding 

study arms. The longest follow-up data available were used for each study.

Quality assessment

We used the criteria by Juni et al to ascertain the methodological quality and the potential 

for bias of included randomized trials.(20) Briefly, the authors evaluated the study quality 

based on the following criteria: adequacy of allocation, appropriate description of 

randomization method, similarity of groups at the onset of the study, blinding for both 

participants and caregivers, blind ascertainment of outcomes, attrition and intention-to-treat 

analysis. The authors’ statements regarding blinding and other methods in the original 

manuscripts were accepted verbatim.

Data Analysis

We performed a meta-analysis of the RCTs comparing clinical outcomes of patients treated 

with abbreviated- (≤6 months) vs standard- (≥12 months) duration DAPT following 

coronary interventions using DES. The pre-specified outcomes of our analyses were all-

cause mortality, cardiac mortality, myocardial infarction (MI), stent thrombosis (ST), stroke, 

target vessel revascularization (TVR), major bleeding and combined study endpoint. Of 

note, cardiac mortality was reported in 6 and TVR in 5 of the 7 included studies.
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Concordant with the low observed heterogeneity among studies’ findings, we conducted 

fixed-effects meta-analyses to obtain estimated odds ratios (OR) for the pre-specified main 

clinical outcomes of patients treated with abbreviated- vs. standard-duration DAPT and their 

associated 95% confidence intervals (CI). The estimated OR from separate studies were 

combined according to both the Mantel-Haenszel(21) and the Peto(22) methods. Due to 

variability in patient populations, indications for stenting, endpoints and duration of therapy, 

the meta-analysis was also performed using random-effects modeling according to 

DerSimonian-Laird method.(23)

Additional senstivity analyses were performed to assess the possible interaction of use of 

bare metal stents (BMS) or 1st generation DES in some studies and use of 3 vs. 6 months in 

the abbreviated-duration DAPT regimens.

When a statistically significant difference between the abbreviated and standard duration 

DAPT regimens was detected, we calculated the number needed to treat (NNT) and the 

number needed to harm (NNH) to assess clinical relevance of the results. The NNT and 

NNH are the reciprocal of the estimated risk difference (RD) calculated based on the fixed-

effect model using the Mantel-Haenzel method. NNT denotes the number of patients that 

would need to be treated with abbreviated-duration instead of extended-duration DAPT to 

prevent one adverse event, whereas NNH denotes the number of patients that would need to 

be treated with standard-duration DAPT instead of abbreviated-duration DAPT to cause one 

adverse outcome in this analysis. We estimated the proportion of between-study 

inconsistency due to true differences between studies (rather than differences due to chance) 

using the I2 statistic,(24) with values of 25%, 50%, and 75% considered low, moderate, and 

high, respectively. Funnel plots were graphically explored for evidence of publication bias. 

The Review Manager software (RevMan version 5.1.2. Copenhagen: The Nordic Cochrane 

Centre, The Cochrane Collaboration, 2011) was used for these analyses.

RESULTS

Search Results

Of 695 articles retrieved during the initial search (Figure 1), 207 were not original 

investigations (review articles and editorials); 367 papers were not pertinent to the study 

question (studies of embolic protection devices, covered stents, and brachytherapy); and 114 

other reports were also excluded (not pertinent to the meta-analysis question or were partial 

reports). Seven randomized controlled trials with a total of 15,874 patients (7,918 received 

abbreviated-duration DAPT and 7,956 received standard-duration DAPT) were eligible for 

review. (12-18) The inter-reviewer agreement on study eligibility was 100%. Of note, 3 

randomized controlled trials addressing DAPT duration of therapy were not included 

because the shortest duration of DAPT therapy among the randomized patients was 12 

months i.e. these studies did not include an abbreviated (≤6 months) DAPT regimen.

(11,25,26)
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Study characteristics

Table 1 summarizes the clinical characteristics of the included studies. In each of the 

included randomized trials, there were no significant differences in baseline characteristics 

between the patient group receiving abbreviated- vs standard-duration DAPT. The average 

age, female participation and diabetic status were similar between both treatment groups. All 

studies allowed enrollment of patients with acute coronary syndromes (mean 53% and 

median 52% among all patients treated with abbreviated- and standard-duration DAPT). 

However, in 2 trials, inclusion was limited to stable patients and those with low-risk acute 

coronary syndrome.(15,27) Patients undergoing primary PCI for ST-segment elevation MI 

were included in only one trial.(13)

The percentage of three-vessel coronary artery disease (mean 26% and median 20% in 

study-specific percentages among both arms) and left main disease (mean 2.1% and median 

1.4% in study specific percentages among both arms) were relatively low. Most studies 

excluded PCI of saphenous vein graft lesions (Table 1).

The majority of the studies used second-generation DES, although first- generation DES 

represented 28% of the stents used in the standard-duration DAPT in 1 trial,(12) and roughly 

25% of patients in both treatment arms in 2 trials.(14,15) BMS compromised approximately 

25% of the entire study population in one trial.(13) Aspirin and clopidogrel were the 

components of DAPT for almost all patients in all studies, with very infrequent use of 

newer-generation P2Y12 inhibitors.

In 4 of the 7 included trials, randomization to abbreviated- vs standard-duration DAPT 

occurred at the time of the index procedure (i.e. patients were not randomized at a time 

distant to stent implantation). In the other 3 trials, randomization occurred after the patients 

received DAPT for a period of time ranging between 1 and 6 months (Table 1). The 

combined endpoint varied slightly among the studies; the majority of them included all-

cause or cardiac mortality, myocardial infarction, stroke and major bleeding. Stent 

thrombosis was reported in accordance with the Academic Research Consortium (ARC) 

criteria.(28) We included definite and probable stent thrombosis that was recorded in all the 

studies. Two studies reported possible stent thrombosis, but this was not included in the 

meta-analysis. Major bleeding complications were defined according to the TIMI 

classification in 5 trials,(12-14,18,29) BARC in 2 (13,29) and a combination of the 

REPLACE-2 and the GUSTO criteria in 1 trial.(15)

Study Quality

Supplemental Table 1 describes the methodological quality of the included RCTs. Most 

studies ascertained the outcomes adequately through independent committees that were 

blinded to subject allocation. The follow-up was complete in the majority of included 

studies, except in 1 study, where loss to follow-up reached approximately 19% of the study 

population.(27) However, a sensitivity analysis excluding this study showed no qualitative 

effect on the meta-analysis results. The inter-reviewer agreement on these quality domains 

was greater than 90%.
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Primary Meta-analysis

The primary analyses were first performed using the fixed-effects model according to the 

Mantel-Haenszel method.(21) The results for each of the individual outcomes were as 

follows:

Mortality—The risk of death due to any cause was not significantly different between the 

patients receiving abbreviated and standard duration DAPT (1.8% vs. 1.9%, OR 0.93; CI: 

0.73 to 1.17; P = 0.52). Likewise, there was no significant differences in the risk of cardiac 

mortality (1.35% vs. 1.4%, OR 0.97; CI: 0.71 to 1.32; P = 0.83) (Figure 2).

Myocardial Infarction—The risk of MI was not significantly different between the 

patients receiving abbreviated and standard duration DAPT (1.8% vs. 1.6%, OR 1.14; CI: 

0.89 to 1.45; P = 0.30)

Stent thrombosis—There was no significant increase in the risk of ST associated with 

abbreviated-compared to standard-duration DAPT (0.60% vs. 0.45%, OR 1.28; CI: 0.83 to 

1.98; P = 0.31) (Figure 3).

Major Bleeding—The risk of major bleeding was substantially lower in patients treated 

with abbreviated DAPT compared to those who received standard-duration DAPT (0.35% 

vs. 0.70%, OR 0.52; CI: 0.34 to 0.82; P = 0.005) (Figure 4). In the case of major bleeding, 

the RD was statistically significant (RD = −0.35%, 95% CI, −0.13 to −0.58%, NNT of 286).

Stroke—No significant differences were noted in the estimated odds of stroke among 

patients treated with abbreviated vs. standard-duration DAPT (0.52% vs. 0.60%, OR 0.84; 

CI: 0.56 to 1.27; P = 0.42)

Other Endpoints—Patients treated with abbreviated DAPT had similar odds of the study-

defined composite endpoint as those in the standard duration DAPT group. (4.6% vs. 4.6%, 

OR 0.99; CI: 0.85 to 1.15; P = 0.89) Similarly, TVR was not different between the groups 

(2.7% vs. 2.2%, OR 1.18; CI: 0.91 to 1.53; P = 0.22)

The data was re-examined using the Peto method (22) and random-effects model using the 

DerSimonian-Laird method.(23) As shown in Supplemental Table 2, the results of these 

analyses were qualitatively and quantitatively quite similar, thus not influencing the 

conclusions reached from fixed-effects modeling.

Additional Analyses

There was no significant interaction or appreciable impact on the estimated odds ratios and 

the conclusions of the primary analysis when studies including BMS use ≥25%, 1st 

generation DES use ≥25% and/or 3 months of DAPT in the abbreviated arm were excluded 

(Supplemental Tables 3-5). Figure 5 summarises the findings of the various secondary 

analyses and the impact on the estimated odds ratios of the major clinical endpoints. Similar 

to the primary analysis findings, there was no significant increase in the risk of death, MI or 
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ST, while there was a significant reduction in major bleeding events associated with the 

abbreviated DAPT duration.

We drew funnel plots to seek evidence of publication bias (Supplemental Figure 1). Upon 

visual inspection, funnel plots looked symmetrical with no suggestion of significant 

publication bias. The funnel plots for major bleeding and stroke appeared to be somewhat 

asymmetrical due to data points from the ITALIC study.(18) However, given the low weight 

of this study in our analyses, this should not affect the overall conclusions of our meta-

analysis.

Heterogeneity Analysis

Tests for heterogeneity were done for each of the clinical endpoints using the I2 statistic. 

There was no significant heterogeneity (I2 = 0%) noted for all of the the outcomes tested.

DISCUSSION

This meta-analysis of >15,000 patients from 7 controlled randomized trials comparing 

abbreviated (≤6 months) vs. standard-duration (≥12 months) DAPT following use of 

second-generation DES demonstrates no significant differences in the risk of death, MI, ST 

or stroke between the two DAPT regimens. Importantly, the abbreviated regimen was 

associated with a substantial reduction in major bleeding. These findings support the use of 

abbreviated DAPT following implantation of second-generation DES, and can provide the 

basis for reconsideration of current practice guidelines at least in a number of patient 

subgroups.

The findings of this meta-analysis differ from the earlier observations, upon which DAPT 

was recommended for ≥12 monthsafter DES. Several factors contributed to this difference. 

The initial observational studies that demonstrated an increased risk of ST and death with 

DES were performed with first-generation DES,(4,5) whereas patients in the more 

contemporary trials received second-generation DES. There is robust evidence that the 

safety of second-generation DES has significantly improved compared to the first-

generation devices. In a network meta-analysis of >50,000 patients included in 49 trials, the 

second-generation everolimus-eluting stent (EES) was associated with a significantly lower 

risk of ST compared to all first-generation DES and even to bare metal stents.(30) In the 

direct comparison between EES and first-generation paclitaxel-eluting stents(PES) in 

patients with multi-vessel and/or multi-lesion intervention, the incidence of MI related to the 

target vessel was reduced by >60% and target lesion revascularization by >50% with EES.

(31) Recently, the DAPT trial (that included patients receiving 4 different types of DES) 

suggested a much longer duration of DAPT (30 months) is associated with reduced risk of 

ST.(11) Although only 38% of the DAPT trial patients received first-generation DES 

(including 27% of all study patients receiving PES), the absolute number of ST events in 

those receiving PES represented 57% of all ST events. A significant interaction was 

measured between the degree of risk reduction with extended DAPT and the type of stent 

used, favoring second-generation devices (hazard ratio 0.89 with EES and 0.53 with PES, 

p=0.05 for the interaction).(32) These differences in outcomes may be related to specific 
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characteristics of second-generation DES, such as reduced strut thickness or modified 

polymer coating.

Differences other than DES type may have contributed to the improved safety profile noted 

in contemporary trials. It is concievable that 10 years ago, interventional operators where on 

a steep learning curve regarding patient selection, technique of stent implantation and 

accumulating knowledge regarding higher doses and pretreatment loading of DAPT. The 

maturation of knowledge regarding these variables plausibly contributed to improved patient 

outcomes

A significant limitation of the individual randomized trials included in this meta-analysis is 

the lack of statistical power to detect differences in rare adverse events such as ST. Despite 

including >15000 patients in this meta-analysis, it remains difficult to ascertain that the risk 

of ST was not influenced by abbreviating the duration of DAPT primarily due to the paucity 

of ST (0.5% of all patients). We can, however, make some conclusions about ST based on 

this analysis. First, the wide confidence interval around the point estimate (0.83 to 1.98 in 

this case) suggests that no meaningful difference can be detected between the two DAPT 

regimens in this relatively large patient sample. Second, the sample size needed to detect 

statistically significant differences in ST between abbreviated- and standard-duration DAPT 

would be greater than 7-fold the sample included in this meta-analysis (ie, >100,000 

patients). These calculations reflect the rarity of ST in contemporary practice and near 

identical rates of such events in patients receiving DAPT for 6 or 12 months.

The other key finding of this meta-analysis is the reduced risk of major bleeding 

complications with the abbreviated DAPT duration. Excess bleeding with DAPT has been 

shown previously,(33) and understandably, the risk of such bleeding events increases with 

increased duration of therapy.(11,34) Although these events are not always considered by 

some to be as serious as acute thrombotic events, it is important to note that major bleeding 

is associated with serious clinical consequences. Indeed, the risk of death is increased by 

>70% with access site bleeding and is approximately 3-fold higher with non-access site 

bleeding following coronary intervention.(35)

Two other meta-analyses of randomized trials have been published recently.(36,37) The 

analysis by Stefanini et al reached similar conclusions, but included a smaller number of 

trials and an overall patient population (<9000 patients) which raised the concern of 

statistical power to detect differences in rare events.(37) The more recent analysis by 

Giustino et al addressed the randomized trials of DAPT therapy in general, while we focused 

on the issue of abbreviating DAPT duration to ≤6 months. Thus, Giustino et al included 

trials in which there was no abbreviated DAPT arm, whereas those were excluded in this 

study. Nonetheless, the conclusions of both analyses demonstrated a clear disadvantage of 

extending DAPT duration in regards to serious bleeding complications. Giustino et al also 

demonstrated a statistically significant difference in risk of stent thrombosis favoring second 

generation DES.(36)

As is expected with any meta-analysis, there are important limitions that need to be 

considered. While abbreviating the duration of DAPT to ≤6 months following second-
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generation DES appears safe, it may seem to contradict current recommendations and 

findings of other studies. In patients with acute coronary syndromes, current guidelines 

recommend extending the duration of DAPT to 12 months regardless of DES use.(9,10) 

Patients with acute coronary syndromes were well represented in randomized trials included 

in this meta-analysis (>50% of total cohort), but it is not clear that guideline 

recommendations can be abandoned solely on the basis of these data. Yet, it is conceivable 

that 12 months of DAPT may not be needed in all patients receiving second-generation DES 

due to improved safety of these devices. In fact, a recent report from the Swedish Registry 

demonstrates a clear and significant reduction in early, late and very late ST with second-

generation DES compared to first-generation devices among patients presenting with ST-

segment elevation MI.(38) An analysis of a potential interaction between acute presentation 

and safety of abbreviated vs extended DAPT duration was not feasible without the 

availability of patient-level data. In addition, we cannot apply these conclusions to specific 

patient subsets, such as those who were underrepresented or excluded, namely ST-segment 

elevation MI, left main and saphenous vein graft interventions (Table 1). Absence of patient 

level data did not allow us to directly study the impact of using first generavation vs. second 

generation DES vs. BMS, but sensitivity analyses suggest that the conclusions of the 

primary analysis hold true even when studies with a significant number of those patients are 

excluded (Figure 5, Supplemental Tables 3-5). The defintions used for major bleeding 

events varied among the included trials, but the differences between the various published 

bleeding definitions are mostly in defining minor bleeding i.e. major bleeding events (which 

were used for the purpose of this analysis) are always clinically significant. Overall, it is 

important to note that subtle differences among various clinical scenarios, nuances of 

clinical and procedural variables, and an assessment of bleeding risk in every patient may 

require an individualized decision regarding the most appropriate length of DAPT following 

coronary intervention.

In conclusion, based on a meta-analysis including >15,000 patients primarily treated with 

second-generation DES, an abbreviated (≤6 months) duration of dual antiplatelet therapy 

was associated with a significant reduction in major bleeding complications with no 

evidence of an increase in risk of death, MI, stent thrombosis or stroke. Reconsideration of 

the current practice of ≥12 months of dual antiplatelet therapy following use of second-

generation DES and individualization of the duration of therapy based on risk/benefit may 

be warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Selection of trials for inclusion in meta-analysis.
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Figure 2. 
Odds ratio for all-cause mortality (top) and cardiac mortality (bottom). Forest plots of 

unadjusted odds ratio (OR, with 95% CIs) for all-cause and cardiac mortality in patients 

receiving abbreviated- vs. standard-DAPT regimens. There was no significant difference in 

the odds of all-cause or cardiac mortality between the 2 groups (OR 0.93; CI: 0.73 to 1.17; P 

= 0.52 and OR 0.97; CI: 0.71 to 1.32; P = 0.83 respectively).
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Figure 3. 
Odds ratio for stent thrombosis (ST). Forest plot of unadjusted odds ratio (OR, with 95% 

CIs) for definite or probable ST in patients receiving abbreviated- vs. standard-DAPT 

regimens. There was no significant difference in the odds of stent thrombosis between the 2 

groups (OR 1.25; CI: 0.81 to 1.93; P = 0.31).
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Figure 4. 
Odds ratio for major bleeding. Forest plot of unadjusted odds ratio (OR, with 95% CIs) for 

major bleeding in patients receiving abbreviated- vs. standard-DAPT regimens. There was a 

significant reduction in the estimated OR of major bleeding in patients treated with 

abbreviated DAPT (OR 0.52; CI: 0.34 to 0.82; P = 0.005).
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Figure 5. 
Odds ratios and confidence intervals for major adverse outcomes according to the primary 

meta-analysis and the secondary analyses adjusting for important variations in study 

methodologies. Conclusions were consistent among all secondary analyses and similar to the 

primary analysis conclusions.
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