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IMPORTANCE Patients with acute coronary syndrome (ACS) remain at high risk for
experiencing recurrent ischemic events. Direct oral anticoagulants (DOAC) have been
proposed for secondary prevention after ACS.

OBJECTIVE To evaluate the safety and efficacy of DOAC in addition to antiplatelet therapy
(APT) after ACS, focusing on treatment effects stratified by baseline clinical presentation
(non–ST-segment elevation ACS [NSTE-ACS] vs ST-segment elevation myocardial infarction
[STEMI]).

DATA SOURCES PubMed, Embase, BioMedCentral, Google Scholar, and the Cochrane Central
Register of Controlled Trials were searched from inception to March 1, 2017.

STUDY SELECTION Randomized clinical trials on DOAC after ACS were evaluated for inclusion.
Overall, 473 studies were screened, 19 clinical trials were assessed as potentially eligible, and
6 were included in the meta-analysis.

DATA EXTRACTION AND SYNTHESIS Preferred Reporting Items for Systematic Reviews and
Meta-analyses guidelines were used to abstract data and assess quality and validity. The risk
of bias tool, version 2.0 (Cochrane) was used for risk of bias assessment. Data were pooled
using random-effects models.

MAIN OUTCOMES AND MEASURES The prespecified primary efficacy end point was the
composite of cardiovascular death, myocardial infarction, and stroke. The prespecified
primary safety end point was major bleeding.

RESULTS Six trials that included 29 667 patients were identified (14 580 patients [49.1%]
with STEMI and 15 036 [50.7%] with NSTE-ACS). The primary efficacy end point risk was
significantly lower in patients who were treated with DOAC as compared with APT alone
(odds ratio [OR], 0.85; 95% CI, 0.77-0.93; P < .001). This benefit was pronounced in patients
with STEMI (OR, 0.76; 95% CI, 0.66-0.88; P < .001), while no significant treatment effect
was observed in patients with NSTE-ACS (OR, 0.92; 95% CI, 0.78-1.09; P = .36; P for
interaction = .09). With respect to safety, DOACs were associated with a higher risk of major
bleeding as compared with APT alone (OR, 3.17; 95% CI, 2.27-4.42; P < .001), with consistent
results in patients with STEMI (OR, 3.45; 95% CI, 1.95-6.09; P < .001) and NSTE-ACS (OR,
2.19; 95% CI, 1.38-3.48; P < .001; P for interaction = .23).

CONCLUSIONS AND RELEVANCE To our knowledge, these findings are the first evidence to
support differential treatment effects of DOAC in addition to APT according to ACS baseline
clinical presentation. In patients with NSTE-ACS, the risk-benefit profile of DOAC appears
unfavorable. Conversely, DOAC in addition to APT might represent an attractive option for
patients with STEMI.
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T he treatment of patients with acute coronary syn-
drome (ACS) has significantly evolved during the last few
decades, primarily because of more effective reperfu-

sion strategies and novel antithrombotic therapies, with sub-
sequent remarkable improvements in patients’ prognoses.1,2

Despite these advances, patients with ACS remain at high risk
of experiencing recurrent ischemic events.3

Thrombosis prevention with antithrombotic agents plays
a pivotal role in the treatment of patients with ACS. Dual an-
tiplatelet therapy (APT) after mechanical reperfusion with pri-
mary percutaneous coronary intervention (PCI) represents the
standard of care for patients with ACS.4-7 For a more pro-
found antithrombotic effect, oral anticoagulants in addition
to APT are an attractive option after ACS. Prior to the imple-
mentation of dual APT and PCI as the treatment of choice, vi-
tamin K antagonists have been widely investigated with con-
flicting findings.8,9 Recently, direct oral anticoagulants (DOAC)
in addition to APT have been shown to reduce the risk of is-
chemic events at the cost of a higher risk of bleeding.10-18

To our knowledge, the differences in terms of the safety
and efficacy of DOAC in addition to APT according to ACS clini-
cal presentation at baseline (ie, ST-segment elevation myo-
cardial infarction [STEMI] vs non–ST-segment elevation ACS
[NSTE-ACS]) have not been investigated . Therefore, we aimed
to assess DOAC safety and efficacy according to ACS type to
further elucidate the potential role of DOAC after ACS.

Methods
Search Strategy and Study Selection
Search strategy, study selection, data extraction, and data
analysis were performed in accordance with the Cochrane Col-
laboration and the Preferred Reporting Items for Systematic
reviews and Meta-Analyses guidelines.19 The risk of bias in each
study has been assessed using the revised Cochrane risk of bias
tool (RoB 2.0). Three investigators (M.C., D.C., and F.C.) inde-
pendently assessed 5 domains of bias for each outcome: (1) the
randomization process, (2) deviations from intended inter-
ventions, (3) missing outcome data, (4) the measurement of
the outcome, and (5) the selection of the reported results
(eTable in the Supplement).20

Randomized clinical trials on DOAC in addition to APT af-
ter ACS (from inception to March 1, 2017) were evaluated for
inclusion in the meta-analysis. To include only studies that re-
ported data on patients who were treated with current clini-
cal practices and to obtain results that were applicable to con-
temporary patients, we excluded studies in which patients who
were undergoing primary PCI were not included, studies pub-
lished before 1991, studies with overlapping populations, and
studies that investigated DOACs that were no longer commer-
cially available. Three authors (M.C., D.C., and F.C.) indepen-
dently searched PubMed, Embase, BioMedCentral, Google
Scholar, and the Cochrane Central Register of Controlled Trials.
In addition, we used backward snowballing (ie, a review of ref-
erences from identified articles and pertinent reviews) and
searched abstracts from 2014 to 2016 that were presented at
relevant scientific meetings (eg, Transcatheter Cardiovascu-

lar Therapeutics, American Heart Association, American Col-
lege of Cardiology, European Society of Cardiology, Eu-
roPCR). The search strategy for PubMed and details about
included and excluded studies are available in the eAppendix
in the Supplement. This study is registered with the PROS-
PERO International Prospective Register of Systematic Re-
views (http://www.crd.york.ac.uk/PROSPERO/display_record
.php?ID=CRD42017058075).

Data Extraction
Three investigators (M.C., F.C., and D.C.) independently as-
sessed studies for possible inclusion. Nonrelevant articles were
excluded based on the title and abstract. The same investiga-
tors independently extracted data on study designs, measure-
ments, patient characteristics, and outcomes using a standard-
ized data extraction form. The inclusion and data extraction
conflicts of studies were discussed and resolved with an-
other investigator (G.G.S.). Missing data were requested by
email to the corresponding author of each study. In the case
of studies with overlapping populations, only the article that
reported the largest number of patients was selected.

Data about authors, year of publication, inclusion and ex-
clusion criteria, sample size, baseline features of patients, treat-
ment features (eg, anticoagulant dosage, antiplatelet drugs, and
antiplatelet treatment duration) end point definitions, effect
estimates, and follow-up time were collected. To exclude dos-
ages considered to lead to excessive bleeding risk, only data
on patients who were treated with approved anticoagulant dos-
ages have been included.21 Therefore, in the Apixaban for Pre-
vention of Acute Ischemic Events (APPRAISE) randomized
clinical trial (RCT), only data on patients who were treated with
a daily dosage of apixaban at 5 mg and 10 mg have been in-
cluded.

Outcomes
The prespecified primary efficacy end point was the compos-
ite of cardiovascular death, myocardial infarction, and stroke.

Key Points
Question Do direct oral anticoagulants (DOAC) in addition to
antiplatelet therapy (APT) safely reduce ischemic events after
acute coronary syndromes (ACS), and are there differences
according to ACS type?

Findings In this systematic review and meta-analysis of 6 trials
comprising 29 667 patients, direct oral anticoagulants with APT
was associated with a reduced risk of ischemic events at the cost
of an increase in major bleedings compared with APT alone. Direct
oral anticoagulants was associated with a reduction in ischemic
events after ST-segment elevation myocardial infarction with no
effects after non–ST-segment elevation-ACS, while the increased
risk of major bleeding was consistent after ST-segment elevation
myocardial infarction and non–ST-segment elevation-ACS.

Meaning The risk-benefit profile of direct oral anticoagulants in
addition to APT appears to differ by ACS type. Direct oral
anticoagulants might represent an attractive strategy in patients
with ST-segment elevation myocardial infarction.
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The prespecified primary safety end point was major bleed-
ing. Each end point was assessed according to the definitions
reported in the original study protocols (eAppendix in the
Supplement). Bleeding events were assessed by the Interna-
tional Society of Thrombosis and Hemostasis definition in the
clinical trials with dabigatran, in the APPRAISE RCT, and in the
APPRAISE in Japanese patients RCT. In the trials with rivar-
oxaban and in the APPRAISE 2 RCT, bleeding events were re-
ported according to the Thrombolysis in Myocardial Infarc-
tion (TIMI) definition.

Statistical Analysis
Pooled odds ratios (ORs) for categorical variables (dichoto-
mous outcomes) were calculated using a binary random-
effects model to minimize the effect of clinical and method-
ological heterogeneity among studies, with the inverse variance
weighting.22 In studies in which no events were reported within
groups, the difference between groups could not be assessed.
The number needed to treat (NNT) to prevent 1 primary effi-
cacy end point event and number needed to harm (NNH) to
determine 1 primary safety end point event have been de-
rived from RCTs reporting event rates stratified by ACS type
(STEMI vs NSTE-ACS). In the case of significant differences be-
tween treatment arms, 95% confidence intervals for NNT and
NNH were reported. The hypothesis of statistical heteroge-
neity was tested by means of the Cochran Q statistic and I2 val-
ues. I2 values of less than 25%, 50%, or more than 50% indi-
c ated low, moderate, or substantial heterogeneity,
respectively.23 Statistical significance was set at P < .05 (2-
sided). Publication bias and small study effect were assessed
for the primary efficacy and safety end points using funnel
plots. The Egger linear regression method was used to detect
funnel plot asymmetry. In addition to statistical tests, we vi-
sually estimated funnel plots to evaluate the possibility of pub-
lication bias.24 Subgroup analyses were performed to assess
the influence of clinical presentation (STEMI vs NSTE-ACS as
an index event) on the risk estimates for the outcomes, as pre-
specified in the meta-analysis protocol. A meta-regression
analysis with a random-effects model was performed to evalu-
ate the effect of major bleedings, clinically relevant bleed-
ings, and the composite of major and clinically relevant bleed-
ings on cardiovascular death and death from all causes.25

Sensitivity analyses with fixed-effect models were per-
formed to assess consistency among effect estimates that were
obtained with random and fixed-effect models.26 Computa-
tion was performed with Review Manager, version 5.3 (Coch-
rane Collaboration) and Stata, version 13.1 (StataCorp). Analy-
ses were performed according to the intention-to-treat
principle.

Results
A total of 6 RCTs were identified and included in this analy-
sis. Figure 1 shows the flowchart of the study selection pro-
cess. The main features of included RCTs are presented in
Table 1. A total of 29 667 patients who presented with ACS and

were randomly allocated to receive DOAC or a placebo in ad-
dition to APT were analyzed.

Baseline Features
The baseline characteristics of included patients are summa-
rized in Table 2. The patients were primarily men with a pooled
mean age of 62.5 years. A total of 14 580 patients presented with
STEMI and 15 036 with NSTE-ACS as an index event (data were
not available for 51 patients in the APPRAISE 2 RCT).

Follow-up
The APPRAISE, APPRAISE-J, Rivaroxaban versus Placebo in Pa-
tients With Acute Coronary Syndromes (ATLAS ACS TIMI 46),
and Dose Finding Study for Dabigatran Etexilate in Patients
With Acute Coronary Syndrome (REDEEM) clinical trials re-
ported 6-month follow-up outcomes,12,13,15,18 while AP-
PRAISE 2 and ATLAS-ACS 2 TIMI 51 reported 8-month and 13-
month follow-up, respectively.14,16

Clinical Outcomes
The risk of the primary efficacy end point was significantly
lower in patients who were treated with DOAC in addition to
APT as compared with those who were treated with APT alone
(OR, 0.85; 95% CI, 0.77-0.93; P < .001), with no evidence of
heterogeneity. Conversely, patients treated with DOAC in ad-
dition to antiplatelet therapy had a higher risk of major bleed-
ing as compared with those treated with APT alone (OR, 3.17;
95% CI, 2.27-4.42; P < .001), without evidence of heteroge-
neity. Overall, the NNT to prevent a cardiovascular ischemic
event by adding DOAC to APT was 84 (95% CI, 55-176), while
the NNH to determine a major bleeding was 105 (95% CI, 84-
139).

Figure 2 summarizes risks of the primary efficacy and
safety end points with DOAC in addition to APT as compared
with APT alone in studies that reported outcomes that were
stratified by type of ACS. Among patients presenting with
STEMI, DOAC in addition to APT resulted in a significantly
lower risk of the primary efficacy end point as compared with

Figure 1. Flowchart of the Study Selection Process

473 Studies identified through database
(eg, PubMed, EMBASE, Google Scholar) search

19 Articles potentially eligible for inclusion in
the meta-analysis

6 Studies included in the meta-analysis

454 Nonrelevant and therefore excluded
from the meta-analysis

13 Articles excluded
10 With overlapping populations
2 Noncommercially available DOAC
1 Excluding patients undergoing PCI

DOAC indicates direct oral anticoagulant; PCI, percutaneous coronary
intervention.
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patients who were treated with APT alone (OR, 0.76; 95% CI,
0.66-0.88; P < .001), with no evidence of heterogeneity. This
reduction was achieved at the cost of a significantly higher risk
of major bleeding (OR, 3.45; 95% CI, 1.95-6.09; P < .001), with
evidence of low grade of heterogeneity (I2 = 11%). Despite the
fact that the treatment effect estimate for bleeding appears to
be more pronounced as compared with the treatment effect
estimate for ischemic events, NNT results (63; 95% CI, 40-
134) were lower than NNH (96; 95% CI, 72-141) in this sub-
group of patients. Conversely, in patients with NSTE-ACS, DOAC
in addition to APT was associated with a similar risk of the pri-
mary efficacy end point (OR, 0.92; 95% CI, 0.78-1.09; P = .361)
and a considerably increased risk of major bleeding (OR, 2.19;
95% CI, 1.38-3.48; P < .001) as compared with APT alone.
Therefore, among patients with NSTE-ACS, DOAC in addition
to APT resulted in comparable NNT (130) and NNH (137; 95%
CI, 92-263) (Figure 3). Notably, formal test results for interac-
tion showed a trend toward a significant interaction between
treatment effects and ACS type as it related to the primary ef-
ficacy end point (P for interaction = .09), while no evidence
of interaction was observed for major bleeding (P for interac-
tion = .23). Funnel plot distributions of primary efficacy and
safety end points indicated the absence of publication bias and
small study effect for both of the end points (eFigures 1 and 2
in the Supplement).

With respect to the individual components of the pri-
mary efficacy end points, DOAC in addition to APT was asso-
ciated with a trend toward a risk reduction for cardiovascular

death (OR, 0.86; 95% CI, 0.73-1.01; P = .067), a significant risk
reduction for myocardial infarction (OR, 0.83; 95% CI, 0.74-
0.95; P = .005), and no differences for stroke (OR, 0.81. 95%
CI, 0.54-1.20. P = .29) as compared with APT alone. Findings
for individual components of the primary end point were con-
sistent in patients with STEMI, whereas no differences be-
tween DOAC in addition to APT and APT alone were observed
in patients with NSTE-ACS (eFigures 3-5 in the Supplement).

Finally, we performed a meta-regression to assess the ef-
fect on overall mortality risk of major bleedings and clinically
relevant bleedings (eFigures 6 and 7 in the Supplement). While
the effect of DOAC in addition to APT on mortality risk was not
related to the effect on major bleedings (B = 0.3; P = .89), there
was a nonsignificant direct relation between the positive ef-
fect on mortality risk and the negative effect on clinically rel-
evant bleedings (B = −0.24; P = .53).

Discussion
In this meta-analysis, we assessed the efficacy and safety of
DOAC in addition to background APT for secondary preven-
tion in patients with ACS, investigating the differences in treat-
ment effects according to ACS type. The key findings of this
meta-analysis can be summarized as follows: (1) as observed
in previous studies,10,11 the unrestricted use of DOAC in addi-
tion to APT after ACS is associated with a reduction in the risk
of ischemic events counterbalanced by a higher risk of major

Table 1. Main Features of the Studies Included in the Meta-analysis

Source Design

Study Population

Anticoagulant Dosages Follow-up, moOverall DOAC Group Control Group
APPRAISE RCT (phase II) 1715 1104 611 Apixaban, 2.5 mg BID, 10 mg QD 6

APPRAISE 2 RCT (phase III) 7392 3705 3687 Apixaban, 5 mg BID 8

APPRAISE J RCT (phase II) 150 99 51 Apixaban, 2.5 mg BID, 10 mg QD 6

ATLAS ACS TIMI 46 RCT (phase II) 3491 2331 1160 Rivaroxaban, 5, 10, 15, and 20 mg
QD

6

ATLAS ACS 2 TIMI 51 RCT (phase III) 15 526 10 350 5176 Rivaroxaban, 2.5 and 5 mg BID 13

REDEEM RCT (phase II) 1861 1490 371 Dabigatran, 50, 75, and 110, 150
mg BID

6

Abbreviations: APPRAISE, Apixaban for Prevention of Acute Ischemic Events;
ATLAS ACS TIMI 46, Rivaroxaban versus Placebo in Patients With Acute
Coronary Syndromes; BID, twice daily; DOAC, direct oral anticoagulant; QD,

once daily; RCT, randomized clinical trial; REDEEM, Dose Finding Study for
Dabigatran Etexilate in Patients With Acute Coronary Syndrome.

Table 2. Baseline Clinical Features in the Studies Included in the Meta-analysis

Source Age, y

%

Male DM STEMI NSTEMI Unstable Angina DAPT PCI Prior Stroke
APPRAISE 61 75 22 62.9 29.5 7.6 75.5 65 4

APPRAISE 2 67 69 48 39.6 41.6 18.1 81 44 10

APPRAISE J 64.6 87 40 75.5 15.2 9.3 97.4 99 4

ATLAS ACS TIMI 46 57.4 77 19 52.2 29.9 18.0 78.2 64 NA

ATLAS ACS 2 TIMI 51 61.7 75 32 50.4 25.6 24.0 93 57 NA

REDEEM 61.8 60 31 60 40 - 99.2 55 NA

Abbreviations: APPRAISE, Apixaban for Prevention of Acute Ischemic Events;
ATLAS ACS TIMI 46, Rivaroxaban versus Placebo in Patients With Acute
Coronary Syndromes; CKD, chronic kidney disease; DAPT, dual antiplatelet
therapy; DM, diabetes; NA, not applicable; NSTEMI, non–ST-segment elevation

myocardial infarction; PCI, percutaneous coronary intervention; REDEEM, Dose
Finding Study for Dabigatran Etexilate in Patients With Acute Coronary
Syndrome; STEMI, ST-segment elevation myocardial infarction.
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bleedings; (2) in patients with NSTE-ACS, DOAC in addition to
APT are associated with a nonsignificant marginal reduction
in the risk of ischemic events and with a significant increase
in bleeding, with an overall neutral net clinical benefit; and (3)
in patients with STEMI, the risk-benefit profile of DOAC in ad-
dition to APT appears to be more favorable, with a signifi-

cantly lower risk of ischemic events only partially counterbal-
anced by a higher risk of major bleeding.

During the last few decades, several antithrombotic drugs
have been developed and implemented in treating ACS, con-
tributing to an important reduction in the risk of mortality and
recurrent ischemic events.27-29 Increasing antithrombotic ef-
ficacy has been shown to reduce the risk of ischemic events;
however, it is at the cost of a parallel increase in the risk of
bleeding. This effect has been shown with several classes of
antithrombotic drugs, including novel P2Y12 inhibitors (ie, ti-
cagrelor and prasugrel) as well as the protease activated re-
ceptor 1 antagonist (ie, vorapaxar).30-33 Similarly, DOACs, with
the strongest evidence existing for rivaroxaban, seem to have
a potential role in increasing the antithrombotic protection
among patients with ACS without a formal indication for oral
anticoagulation therapy, but they are associated with an im-
portant increase in the risk of bleeding events. Several clini-
cal trials have evaluated the effect of DOAC in ACS, mainly using
them in addition to dual APT with aspirin and clopidogrel. A
favorable effect was achieved only with low dose regimens of
rivaroxaban in the ATLAS ACS 2 TIMI 51 trial. Specifically, ri-
varoxaban, 2.5 mg twice daily in addition to dual APT was as-

Figure 2. Risk of the Primary Efficacy End Point and the Primary Safety End Point With Direct Oral
Anticoagulant (DOAC) in Addition to Antiplatelet Therapy (APT) as Compared With APT Alone, Overall and
Stratified by Acute Coronary Syndrome Type
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Efficacy: CV death, MI, or strokeA
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APPRAISE 2
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Overall: I-2 = 12.2% (P = .34; P< .001)

Safety: major bleedingB

A, Efficacy end point. B, Safety end
point. Only studies that reported
outcomes stratified for the index
event are included. Weights are from
a random-effects analysis. APPRAISE
indicates Apixaban for Prevention of
Acute Ischemic Events; ATLAS ACS
TIMI 46, Rivaroxaban versus Placebo
in Patients With Acute Coronary
Syndromes; CV death, cardiovascular
death; MI, myocardial infarction;
NSTE-ACS, non–ST-segment elevation
myocardial infarction; OR, odds ratio;
STEMI, ST-segment elevation
myocardial infarction.

Figure 3. Number Needed to Prevent an Ischemic Event and Cause a
Bleeding Event
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sociated with a significant reduction in cardiovascular and all-
cause mortality as compared with a standard dual APT regimen,
with a 2-fold increase in the risk of major bleeding.16 To im-
prove safety, the Study to Compare the Safety of Rivaroxaban
Versus Acetylsalicylic Acid in Addition to Either Clopidogrel
or Ticagrelor Therapy in Patients with ACS (GEMINI ACS) tested
the replacement of aspirin in favor of rivaroxaban in addition
to clopidogrel or ticagrelor. This clinical trial showed no sig-
nificant differences between the 2 strategies, but a numeri-
cally higher rate of both ischemic and bleeding events was re-
ported in the rivaroxaban arm.34 Notably, DOACs have also been
evaluated in stable coronary artery disease in the Cardiovas-
cular Outcomes for People Using Anticoagulation Strategies
(COMPASS) clinical trial. Adding rivaroxaban to aspirin low-
ered the risk of major vascular events as well as cardiovascu-
lar and all-cause mortality but increased the risk of major bleed-
ing as compared with aspirin alone. The results of the COMPASS
clinical trial suggest that low-intensity simultaneous inhibi-
tion of both coagulation and platelet activity could be more ef-
fective in terms of preventing ischemic events as compared
with APT alone. The positive treatment effects on major car-
diovascular events were consistent whether patients were in-
cluded within 2 years after having myocardial infarction (MI),
2 to 5 years after having MI, beyond 5 years after having MI,
or never had an MI.35,36

The rationale for using DOAC in patients with ACS with-
out an indication for oral anticoagulation, especially for those
with STEMI, is linked to the pivotal role of thrombin in this clini-
cal setting.37,38 After an acute MI, high thrombin levels are
traceable for at least 6 months and thrombin generation is in-
versely correlated with recurrent cardiovascular events.39,40

Therefore, the higher thrombotic burden and coagulation cas-
cade activation during and after STEMI compared with NSTE-
ACS could help to explain, at least in part, our findings.41,42

Moreover, differences in treatment effects could also be at-
tributed to possible intrinsic differences between patients with
STEMI and NSTE-ACS, such as baseline clinical characteris-
tics (eg, age, cardiovascular risk factors, and extent of coro-
nary artery disease) as well as therapeutic strategies (eg, type
of P2Y12 inhibitors, PCI timing, completeness of revascular-
ization, and surgical revascularization). The relative effect of
these features on DOAC treatment effects should be further in-
vestigated in future studies.

In contrast to 2 previous meta-analyses on DOAC in addi-
tion to APT after ACS, we selected major bleedings as the pri-
mary safety end point instead of the composite of major and
clinically significant bleedings.10,11 As expected, the NNH re-
ported in the present study are considerably higher than those
reported in the aforementioned meta-analyses. The effect of
bleeding on prognoses has been thoroughly investigated, and
the correlation between bleeding events and mortality rates
is well established. Our choice was because of the “dose-

related” effects of bleeding events on mortality rates. Major
bleedings have been consistently identified as a stronger pre-
dictor of mortality compared with minor bleedings and even
more if compared with clinically relevant bleedings, irrespec-
tive of the bleeding definition used.43-47 Based on this evi-
dence, we included only major bleedings as primary safety end
points, excluding minor and clinically significant bleedings.
This choice appears to be further supported by the results
shown in our meta-regression analyses.

Overall, our results suggest a favorable net clinical ben-
efit (defined as NNT minus NNH) when adding DOAC to APT
after ACS, particularly in patients presenting with STEMI. Fu-
ture RCTs that investigate the role of DOAC in secondary pre-
vention after ACS should further investigate these hypothesis-
generating findings to fully elucidate the different effect of
DOAC in addition to APT in patients with STEMI.

Study Limitations
This study should be interpreted in light of some limitations.
First, this is a study-level meta-analysis and the findings pro-
vide mean treatment effects. The lack of patient-level data pre-
vents us from assessing the effect of baseline clinical charac-
teristics and treatment strategies on DOAC treatment effects.
Second, this meta-analysis shares the limits of the included
RCTs. These studies mainly enrolled relatively young men with
preserved renal function, who typically present a low bleed-
ing risk. Third, different bleeding definitions have been used
in the included studies, impairing the reliability of effect es-
timates for this end point. Moreover, in the included studies,
DOAC in addition to last-generation P2Y12 inhibitors (ie, pra-
sugrel or ticagrelor) have not been investigated. This combi-
nation could expose patients to a further increase in bleeding
risk, with limited advantages in the reduction of ischemic
events. Finally, a meta-regression analysis has been per-
formed to assess the effect of different bleeding severity on the
risk of mortality with interesting results. However, this analy-
sis should be considered hypothesis-generating because it was
not prespecified and included few studies.

Conclusions
The findings of this meta-analysis indicate that the clinical ben-
efits of DOAC in addition to APT for secondary prevention af-
ter ACS might depend on the type of ACS. In patients with
NSTE-ACS, the risk-benefit profile of DOAC in addition to APT
appears to be unfavorable. In patients with STEMI, DOAC in
addition to APT appears to improve outcomes in terms of is-
chemic events at the cost of a marginally increased risk of ma-
jor bleeding. Future studies should focus on the role of DOAC
in addition to APT in patients with STEMI who are at low bleed-
ing risk.
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