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Abstract
Background: Dual antiplatelet therapy (DAPT) is key for preventing
ischaemic events post‐percutaneous coronary intervention (PCI). Various
DAPT modifications like the shortened duration or P2Y12 inhibitor (P2Y12i)
de‐escalation are implemented to reduce bleeding risk. However, these
strategies lack direct comparative studies. This study aimed to assess the
efficacy and safety of such DAPT strategies, including de‐escalated and short
DAPT, in patients undergoing PCI.
Methods: We searched PubMed, Embase, Cochrane Central Register of
Controlled Trials, and ClinicalTrials.gov databases for relevant randomized
controlled trials (RCTs). We performed a network meta‐analysis (NMA) to
estimate risk ratios (RRs) and 95% confidence intervals (CIs). The primary
efficacy endpoint was major adverse cardiac events (MACEs), and the
primary safety endpoint was major bleeding. Secondary endpoints included
individual components of MACEs and net adverse clinical events (NACEs).
Results: A total of 17 RCTs comprising 53,156 patients (median age, 62.0
years, 24.8% female) were included. NMA suggested that de‐escalation DAPT
was associated with a significantly lower risk of MACEs (risk ratio [RR] = 0.79,
95% confidence interval [CI] = 0.64–0.98), bleeding (RR = 0.63, 95%
CI = 0.49–0.82), and NACEs (RR = 0.69, 95% CI = 0.60–0.79) compared with
standard DAPT. Short DAPT followed by P2Y12i monotherapy exhibited a
significantly decreased risk of major bleeding (RR = 0.63, 95% CI = 0.46–0.86)
compared with standard DAPT.
Conclusions: De‐escalation DAPT was the most effective strategy for
preventing the risk of MACEs without increasing bleeding events, while
short DAPT followed by P2Y12i monotherapy was the most effective strategy
for reducing the risk of bleeding among patients undergoing PCI.
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Highlights
• De‐escalation dual antiplatelet therapy (DAPT) is the most effective
strategy to prevent ischaemic events.
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• Short DAPT followed by P2Y12i is the best strategy to reduce bleeding
events.

• De‐escalation DAPT is the best strategy balancing ischaemic and bleeding
events.

1 | INTRODUCTION

Dual antiplatelet therapy (DAPT) is an effective strategy
to minimize the risk of stent thrombosis and ischaemic
events after percutaneous coronary intervention
(PCI).1,2 According to the current DAPT guidelines, the
recommended DAPT duration is at least 6–12 months
after PCI for the treatment of chronic coronary
syndrome (CCS) and acute coronary syndrome
(ACS).3,4 DAPT therapy has been shown to decrease
ischaemic events but carries an increased risk of
bleeding.5,6 Therefore, several alternative DAPT strate-
gies, including shorter DAPT duration or the de‐
escalation of P2Y12 inhibitor (P2Y12i) to reduce
bleeding risk, have been developed.7

Several randomized clinical trials (RCTs) have shown
that a shorter DAPT duration (1–3 months) followed by
single antiplatelet therapy was associated with a lower
risk of bleeding compared to standard DAPT.8–15 A meta‐
analysis of RCTs has supported the reduction of DAPT
duration.16,17 On the basis of previous studies, current
European guidelines have recommended that a short-
ened DAPT duration of 1–3 months should be considered
in patients with a high risk of bleeding (e.g., the
predicting bleeding complication in patients undergoing
stent implantation and subsequent [PRECISE] DAPT ≥ 25
or academic research consortium for high bleeding risk
[ARC‐HBR] criteria met) after stent implantation.1 A
previous meta‐analysis of RCTs demonstrated that de‐
escalation DAPT showed a significantly lower number of
thrombotic or bleeding events than standard DAPT.18 In
a recent network meta‐analysis (NMA), the de‐escalation
of prasugrel or ticagrelor by switching to clopidogrel or
de‐escalation to half dose prasugrel or ticagrelor
increased the risk of major bleeding, but there was no
difference in the risk of major adverse cardiac events
(MACEs) compared with short DAPT.19 However, the
European Society of Cardiology guidelines only recom-
mend consideration of the de‐escalation of P2Y12i with a
switch from prasugrel or ticagrelor to clopidogrel with or
without platelet function testing or genetic testing in
patients with a high bleeding risk.1

The relative efficacy and safety of shorter DAPT
duration and a de‐escalation DAPT strategy have yet to
be examined, representing an important gap in the
evidence. To provide a comprehensive synthesis of
effect estimates and quality of evidence, we completed a
systematic review and NMA to assess the relative
efficacy and safety of de‐escalation DAPT, short DAPT,
and standard DAPT in patients who underwent PCI.

2 | METHODS

2.1 | Study design

This systematic review and NMA were conducted in
accordance with the Preferred Reporting Items for
Systematic Reviews and Meta‐analyses (PRISMA) state-
ment and the extension for NMA (PRISMA‐NMA).20 The
study protocol is registered on the Prospective Register
of Systematic Reviews (CRD42021258727).

2.2 | Search strategy and selection
criteria

We searched Medline via PubMed, Embase, and Central
Register of Controlled Trials for relevant studies from
database inception until June 2, 2021, and updated our
search on February 28, 2022. The following search terms
were used: ([acute coronary syndrome] OR [per-
cutaneous coronary intervention]) AND ([dual antipla-
telet] OR [clopidogrel] OR [ticagrelor] OR [prasugrel] OR
[de‐escalation]). Full search strategies are provided in
Supporting Information: Table S1. We did not restrict
our searches by language, publication date, or status.
We also searched ClinicalTrial.gov and the reference
lists of relevant systematic reviews and clinical practice
guidelines to identify additional relevant trials. We
included RCTs that compared short‐duration DAPT
(≤3 months) followed by aspirin monotherapy or
short‐duration DAPT (≤3 months) followed by P2Y12i
monotherapy or de‐escalation DAPT and standard
DAPT (12 months of DAPT) in patients who underwent
PCI and reported MACEs, death (all‐cause or cardiovas-
cular [CV] death), nonfatal myocardial infarction (MI),
nonfatal stroke, major bleeding, minor bleeding, or net
adverse clinical events (NACEs) at ≥6 months. De‐
escalation DAPT was defined as short‐duration DAPT
followed by a switch from a potent P2Y12i (prasugrel or
ticagrelor) to clopidogrel or reduced to half‐dose of a
potent P2Y12i. Studies were excluded if patients
received concomitant oral anticoagulation therapy.

2.3 | Study selection and data extraction

Two authors (Yuttana Wongsalap and Preyanate Wilairat)
independently screened all titles and abstracts of
retrieved records to identify potentially eligible RCTs.
Each of the potentially relevant trials was accessed in a
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full‐text manner and reviewed by the same two authors
for eligibility. Relevant information was extracted by two
investigators (any two of Yuttana Wongsalap, Kirati
Kengkla, Preyanate Wilairat, or Khemanat Ratworawong)
into predefined data extraction forms. The extracted
data included the study name, year of publication,
study type, total number of participants, inclusion
criteria, exclusion criteria, study endpoint, outcome
definitions, follow‐up duration, and baseline charac-
teristics. Any discrepancies were resolved by consensus
with the research team.

2.4 | Quality assessment

Two investigators (Yuttana Wongsalap and Preyanate
Wilairat) independently assessed the risk of bias for
each included trial using the revised Cochrane Risk of
Bias Tool for Randomized Trials (RoB 2.0 versions).21

Five key domains of bias were assessed: (1) bias arising
from the randomization process; (2) bias due to
deviations from intended interventions; (3) bias due to
missing outcome data; (4) bias in measurement of the
outcomes; and (5) bias in selection of the reported
result.21

2.5 | Outcomes

The primary efficacy outcome was MACEs, which was
usually defined as a combination of either all‐cause or
cardiovascular mortality, nonfatal MI, and nonfatal
stroke. Secondary efficacy outcomes were NACEs, stent
thrombosis, and individual components of the composite
MACEs outcome. NACEs were defined as a composite
of death, MI, stroke, stent thrombosis, or bleeding. The
primary safety outcome was major bleeding as defined
by the thrombolysis in myocardial infarction (TIMI)
criteria22 or bleeding academic research consortium
(BARC) criteria type 3 or 5.23 The secondary safety
outcomes were combined major and minor bleeding
events. The endpoint definitions applied in each trial
were incorporated. For bleeding endpoints, we priori-
tized using the TIMI criteria; when those criteria were
unavailable, the BARC criteria were used.

2.6 | Data synthesis and analysis

First, a pairwise meta‐analysis using a random effects
model (DerSimonian and Laird) was used to estimate
pooled risk ratios (RRs) with 95% confidence intervals
(CIs) for each outcome for all direct treatment compari-
sons.24 The Cochrane Q‐statistic test, with statistical
significance set at p < 0.01, was used to test heterogene-
ity in each pairwise comparison. Heterogeneity across
pairwise meta‐analyses was assessed using the I2

statistic, with scores <25% indicating low, 25%–75%
indicating moderate and >75% indicating high hetero-
geneity.25 We used the random effects model NMA with
a frequentist approach to simultaneously combine
direct and indirect evidence of treatment effects.26,27

We assessed the global inconsistency of the entire
network by the design‐by‐treatment interaction
model.28,29 If global inconsistency was detected, we
explored possible causes of inconsistency through
sensitivity analyses. To rank the DAPT strategy, the
treatment probabilities using surface under the cumula-
tive ranking curve (SUCRA) values for each intervention
were estimated. Higher SUCRA scores (range 0–100%)
indicated a DAPT strategy with a greater probability of
reducing the clinical endpoint.30 We assessed small‐
study effects by visual inspection of comparison‐
adjusted funnel plots of treatments to detect the
presence of any publication bias in the NMA.26,30

To examine the robustness of the study results, we
performed sensitivity analyses by excluding (1) trials
enrolling patients with CCS; (2) studies with inconsis-
tencies in the endpoint definition; (3) nondefinite
MACEs or NACEs outcomes; and (4) studies with
sample sizes that were too small (n < 1000) to examine
the robustness of the findings. We performed subgroup
analyses based on race (East Asian vs. non‐East Asian).
A two‐sided p < 0.05 was considered statistically signifi-
cant for all analyses.

3 | RESULTS

Overall, 12,597 records were identified from the electro-
nic database, and 42 records were identified through
other sources (Figure 1). After removing duplicates, 7740
studies were screened for their titles and abstracts.
Among the 32 potentially relevant articles based on
eligibility criteria, 17 RCTs were included in the
NMA.8–15,31–36 These studies included three types of trials
comparing a short DAPT strategy to standard DAPT,
including (1) de‐escalation DAPT, eight trials31–38; (2)
short DAPT followed by P2Y12i monotherapy, five
trials10,12–15; and (3) short DAPT followed by aspirin
monotherapy, four trials.8,9,11,39 The available direct
comparisons and network of trials used in the present
study are illustrated in Figure 2.

3.1 | Characteristics and quality of
reviewed studies

Trial characteristics are summarized in Table 1 and
Supporting Information: Tables S2–S4. The pooled cohort
comprised 53,156 patients who underwent PCI. The trials
involved a median of 2160 (range: 120–15,968) patients
with a mean age of 62.0 ± 3.2 years. Females accounted
for 16.0% (range: 7.3%–78.0%) of the participants. The
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characteristics of patients included 75.9% ACS, 23.6%
previous PCI, 13.4% previous MI, 29.1% diabetes mellitus,
60.2% hypertension, 55.5% dyslipidemia, and 32.2%
smokers. The baseline characteristics of the sample are
provided in Supporting Information: Table S5. In terms of
the RoB of the included trials in the analysis, 14 studies
were judged as low risk, whereas two studies were judged
as having some concerns, and one study was judged as
having a high risk of bias due to bias arising from the
randomization process (Supporting Information:
Figure S1).

3.2 | Pairwise meta‐analysis

The results of pairwise meta‐analysis are illustrated in
Supporting Information: Figure S2. De‐escalation DAPT
was associated with a significantly lower MACE (RR =
0.79, 95% CI = 0.64–0.98) but showed no significant
difference in the risk of major bleeding compared to
standard DAPT. Short DAPT followed by P2Y12i mono-
therapy (RR = 0.61, 95% CI = 0.42–0.88) and short DAPT
followed by aspirin monotherapy (RR = 0.66, 95%

F IGURE 1 Study flow diagram.

F IGURE 2 Network comparisons of studies included in the
analyses. The randomized controlled trials (RCTs) included in the
network meta‐analysis (NMA) are shown as solid lines, and the width
of the solid line corresponds to the number of included trials. Dashed
lines indicate that there are no head‐to‐head RCTs. Numbers above
and below the lines indicate number of trials and patients respectively.
ASA, aspirin; DAPT, dual antiplatelet therapy.
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CI = 0.44–0.99) exhibited a significantly reduced risk of
major bleeding. De‐escalation DAPT (RR = 0.68, 95%
CI = 0.56–0.82) and short DAPT followed by P2Y12i
monotherapy (RR = 0.71, 95% CI = 0.58–0.87) were asso-
ciated with a significantly lower NACE than standard
DAPT. No statistically significant difference was noted
between DAPT strategies on all‐cause mortality, CV
death, nonfatal MI, nonfatal stroke, or stent thrombosis
(Supporting Information: Table S6).

3.3 | Ranking of treatment strategies

NMA suggested that de‐escalation DAPT was associated
with the highest probability of preventing MACEs,
whereas short DAPT followed by P2Y12i monotherapy
was associated with the lowest probability of major
bleeding. The individual rankings of treatment strategies
based on SUCRAs are provided in the Supporting
Information: Figure S3.

3.4 | NMA

De‐escalation DAPT showed the greatest relative reduc-
tion in the occurrence of MACEs compared to standard
DAPT (RR = 0.79, 95% CI = 0.64–0.98), but there were no
significant differences found in other comparisons
(Figure 3A). Short DAPT followed by P2Y12i mono-
therapy demonstrated the greatest relative reduction in
the occurrence of major bleeding (RR = 0.63, 95%
CI = 0.46–0.86) over standard DAPT, but not significantly
over short DAPT followed by aspirin monotherapy

(RR = 0.97, 95% CI = 0.54–1.75) and de‐escalation DAPT
(RR = 0.77, 95% CI = 0.46–1.28) (Figure 3B). De‐
escalation DAPT (RR = 0.63, 95% CI = 0.49–0.82) and
short DAPT followed by P2Y12i monotherapy (RR = 0.65,
95% CI = 0.46–0.93) showed a significantly decreased
risk of major and minor bleeding compared to standard
DAPT, but no significant differences were found in other
comparisons (Figure 3C). When considering both
bleeding and ischaemic events, de‐escalation DAPT
(RR = 0.69, 95% CI = 0.60–0.79) and short DAPT followed
by P2Y12i monotherapy (RR = 0.71, 95% CI = 0.58–0.87)
were associated with a significantly lower risk of NACEs
than standard DAPT. Both de‐escalation DAPT (RR =
0.71, 95% CI = 0.57–0.89) and short DAPT followed by
P2Y12i monotherapy (RR = 0.74, 95% CI = 0.57–0.89)
demonstrated a significantly decreased risk of NACEs
over short DAPT followed by aspirin monotherapy. In
contrast, de‐escalation DAPT showed no difference in
efficacy and safety in terms of NACEs compared to short
DAPT followed by P2Y12i monotherapy (Figure 3D). We
observed no difference in all‐cause mortality, CV death,
nonfatal MI, nonfatal stroke, or stent thrombosis
between treatment options (Supporting Information:
Figure S4). Global inconsistencies between direct and
indirect evidence are noted for some network compari-
sons (Supporting Information: Table S7).

3.5 | Sensitivity analyses, subgroup
analyses, and small‐study effects

The results from sensitivity analyses were unchanged
in the main analysis (Supporting Information: Table S8).

F IGURE 3 network meta‐analysis (NMA) results for (A) trial‐defined major adverse cardiac events; (B) major bleeding; (C) major and minor
bleeding; (D) trial‐defined net adverse clinical events. Dual antiplatelet therapy (DAPT) strategies are reported in the order of ranking according to
the surface under the cumulative ranking (SUCRA) curves. Comparisons should be read from left to right. The estimate is located at the
intersection of the column‐defining treatment and the row‐defining treatment. Significant results are in bold and underlined.
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A summary of subgroup analyses for primary outcomes
is shown in Supporting Information: Table S9. Subgroup
analyses in East Asian versus non‐East Asian popula-
tions revealed no statistically significant differences
between the treatment strategy in MACEs and major
bleeding due to a limited number of included RCTs in
the subgroups. Comparison‐adjusted funnel plots
showed no signs of asymmetry (Supporting Information:
Figure S5).

4 | DISCUSSION

This systematic review and NMA of 17 RCTs enrolling
53,156 patients who underwent PCI presented a
comparative efficacy and safety analysis between differ-
ent DAPT strategies, including de‐escalation DAPT,
short DAPT, and standard DAPT. We found that de‐
escalation DAPT demonstrated the greatest relative
reduction in the occurrence of MACEs, while short
DAPT followed by P2Y12i monotherapy was associated
with the highest relative reduction in the occurrence of
major bleeding. De‐escalation DAPT was ranked as the
most effective strategy for the prevention of ischaemic
and bleeding events. However, the net clinical outcomes
of de‐escalation DAPT are comparable to short DAPT
followed by P2Y12i monotherapy. There was no differ-
ence in ischaemic and bleeding outcomes between
short DAPT followed by aspirin monotherapy and
standard DAPT. We noted no significant difference in
all‐cause mortality, CV death, nonfatal MI, nonfatal
stroke, or stent thrombosis between patients treated
with different DAPT strategies.

The risk of ischaemic events is highest in the first 30
days after an ACS event, while bleeding events occur
predominantly during the maintenance phase of anti-
platelet treatment.40 However, Giustino et al. showed
that both bleeding and ischaemic events most often
occur within the first 30 days following PCI.41 Optimal
DAPT duration is still a matter of concern, with new
evidence supporting shortened DAPT, especially in
patients with a high risk of bleeding.1 Recent meta‐
analyses of RCTs comparing short DAPT (≤3 months)
and standard DAPT (12 months) showed that short
DAPT was associated with a lower risk of bleeding
without a significantly increased risk of ischaemic
events.16,17 Another meta‐analysis found that de‐
escalation DAPT with a switch from prasugrel or
ticagrelor to clopidogrel after short duration DAPT
compared to the standard continuation of therapy was
associated with a reduction in the net clinical number of
thrombotic or bleeding events similar to that which was
found in our meta‐analysis.18 In addition, our meta‐
analysis also suggested that the de‐escalation DAPT
strategy minimized the risk of MACEs and major and
minor bleeding compared to the standard DAPT
duration. Recent large trials, including HOST‐REDUCE‐

POLYTECH‐ACS,34 POPular Genetics,31 TALOS‐AMI,36

and HOPE‐TAILOR,38 were included in our analysis. Our
NMA found that short DAPT followed by P2Y12i
monotherapy, compared with standard DAPT, reduced
the risk of major bleeding in patients undergoing PCI,
similar to a previous meta‐analysis.16 Another NMA
concluded that an early switch from DAPT at 1–3
months to P2Y12i monotherapy was associated with a
lower risk of any bleeding without a significantly
increased risk of CV mortality or ischaemic outcomes
compared with standard DAPT in patients undergoing
PCI with a drug‐eluting stent.42

Our results found that net clinical outcomes
occurred less frequently with de‐escalation DAPT and
short DAPT followed by P2Y12i than standard DAPT.
However, the trials considered for the analysis excluded
high ischaemic risk patients and enrolled patients with a
low bleeding risk.

Based on this review, although de‐escalation DAPT
and short DAPT followed by P2Y12i monotherapy were
ranked as the most effective strategy for the prevention
of ischaemic and bleeding events, further evidence
regarding these strategies is needed for patients with a
high ischaemic risk, and it may be reasonable to
consider these strategies in patients at high risk for
bleeding.

The ischaemic outcomes of patients treated with de‐
escalation DAPT or short DAPT were not found to be
inferior to those seen with standard therapy. These
results may be explained by several factors. First, many
new platforms of coronary stents have proven to be
compatible with short DAPT.43–45 Second, some PCI
techniques, such as intravascular imaging‐guided PCI,
can reduce the risk of ischaemic events.46–50 Last, the
risk of an ischaemic event was found to be highest in the
early phase of the post‐PCI period.41,51

4.1 | Strengths and limitations

The strengths of this meta‐analysis included the
comprehensive systematic search that considered trials
published in languages other than English and those
published only, used a prespecified protocol, and the
double‐checking of data extraction. This is also the first
meta‐analysis that compared short DAPT followed by
P2Y12i monotherapy to short DAPT followed by aspirin
monotherapy, and the results tended to prefer short
DAPT followed by P2Y12i. However, there were several
limitations. First, the study population was a mixed
cohort of both ACS and CCS. Due to a lack of access to
patient‐level data, we could not perform any subgroup
analyses in either the ACS or CCS populations. However,
the sensitivity analysis that omitted studies with a mix of
ACS and CCS patients showed similar results to the
main analysis. Second, comparisons between the short
DAPT strategy and de‐escalation DAPT were generated
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based on indirect evidence. We could not perform an
inconsistency test since there was no trial directly
comparing these therapies. In addition, given that the
imbalance duration of DAPT between groups was
combined, which may have introduced bias, the finding
may be drawn with caution. Third, many trials had
restrictive inclusion and exclusion criteria, excluding
high ischaemic risk patients while enrolling patients
with a low bleeding risk. Our results may be more
applicable to individuals with ACS and stable CCS but
not to those with a high ischaemic and bleeding risk.
Additionally, the definitions of MACEs and NACEs differ
between the various studies as trial‐defined definitions.
Any results should be considered exploratory and
interpreted with caution. Last, the de‐escalation DAPT
protocol in each trial was not identical. Some de‐
escalation protocols were guided by platelet function or
genetic testing, while others were not. Future studies to
determine whether strategies for the de‐escalation of
DAPT using platelet function testing, genetic testing or
even unguided as the most effective methods in patients
with ACS who are at a high risk for bleeding are
warranted.

5 | CONCLUSIONS

NMA suggested that de‐escalation DAPT was associated
with the highest probability of preventing MACEs,
whereas short DAPT followed by P2Y12i monotherapy
was associated with the lowest probability of major
bleeding. When considering NACEs, de‐escalation DAPT
was ranked as the most effective strategy for the
prevention of ischaemic and bleeding events.
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