
SYSTEMATIC REVIEW
published: 28 April 2022

doi: 10.3389/fcvm.2022.862452

Frontiers in Cardiovascular Medicine | www.frontiersin.org 1 April 2022 | Volume 9 | Article 862452

Edited by:

Ertan Yetkin,

Mersin University, Turkey

Reviewed by:

Plinio Cirillo,

University of Naples Federico II, Italy

Gennaro Galasso,

University of Salerno, Italy

*Correspondence:

Héctor Bueno

hector.bueno@cnic.es

Specialty section:

This article was submitted to

Atherosclerosis and Vascular

Medicine,

a section of the journal

Frontiers in Cardiovascular Medicine

Received: 25 January 2022

Accepted: 18 March 2022

Published: 28 April 2022

Citation:

Vicent L, Diaz-Arocutipa C,

Tarantini G, Mojoli M, Hernandez AV

and Bueno H (2022) Early vs. Delayed

Initiation of Treatment With P2Y12

Inhibitors in Patients With

Non-ST-Segment Elevation Acute

Coronary Syndrome: A Systematic

Review and Network Meta-Analysis of

Randomized Controlled Trials.

Front. Cardiovasc. Med. 9:862452.

doi: 10.3389/fcvm.2022.862452

Early vs. Delayed Initiation of
Treatment With P2Y12 Inhibitors in
Patients With Non-ST-Segment
Elevation Acute Coronary Syndrome:
A Systematic Review and Network
Meta-Analysis of Randomized
Controlled Trials
Lourdes Vicent 1,2, Carlos Diaz-Arocutipa 3, Giuseppe Tarantini 4, Marco Mojoli 5,

Adrian V. Hernandez 3,6 and Héctor Bueno 1,2,7,8*

1Cardiology Department, Hospital Universitario 12 de Octubre and Instituto de Investigación Sanitaria Hospital 12 de

Octubre (imas12), Madrid, Spain, 2Centro de Investigación Biomédica en Red Enfermedades Cardiovasculares (CIBERCV),

Madrid, Spain, 3 Vicerrectorado de Investigación, Universidad San Ignacio de Loyola, Lima, Peru, 4Department of Cardiac,

Thoracic and Vascular Sciences, University of Padua Medical School, Padua, Italy, 5Cardiology Department, Azienda

Ospedaliera Friuli Occidentale, Pordenone, Italy, 6Health Outcomes, Policy, and Evidence Synthesis (HOPES) Group,

University of Connecticut School of Pharmacy, Storrs, CT, United States, 7Centro Nacional de Investigaciones

Cardiovasculares (CNIC), Madrid, Spain, 8 Facultad de Medicina, Universidad Complutense de Madrid, Madrid, Spain

Aims: Whether early or delayed dual antiplatelet therapy initiation is better in patients

with non-ST-segment elevation acute coronary syndrome (NSTE-ACS) is unclear. We

assessed the evidence for comparing the efficacy and safety of early vs. delayed P2Y12

inhibitor initiation in NSTE-ACS.

Methods: The randomized controlled trials with available comparisons between early

and delayed initiation of P2Y12 inhibitors (clopidogrel, prasugrel, and ticagrelor) in

patients with NSTE-ACS until January 2021 were reviewed. The primary outcomes were

trial-defined major adverse cardiovascular events (MACEs) and bleeding. Secondary

outcomes were all-cause mortality, cardiovascular mortality, myocardial infarction, stent

thrombosis, urgent coronary revascularization, and stroke. Frequentist random-effects

network meta-analyses were conducted, ranking best treatments per outcome with p-

scores.

Results: A total of nine trials with intervention arms including early and delayed

initiation of clopidogrel (n = 5), prasugrel (n = 8), or ticagrelor (n = 6) involving

40,096 patients were included. Early prasugrel (hazard ratio [HR], 0.59; 95% confidence

interval [95%CI], 0.40–0.87), delayed prasugrel (HR, 0.60; 95%CI 0.43–0.84), and

early ticagrelor (HR, 0.84; 95%CI, 0.74–0.96) significantly reduced MACE compared

with early clopidogrel, but increased bleeding risk. Delayed prasugrel ranked as

the best treatment to reduce MACE (p-score=0.80), early prasugrel to reduce all-

cause mortality, cardiovascular mortality, stent thrombosis, and stroke, and delayed

clopidogrel to reduce bleeding (p-score = 0.84). The risk of bias was low for all trials.
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Conclusion: In patients with NSTE-ACS, delayed prasugrel initiation was the most

effective strategy to reduce MACE. Although early prasugrel was the best option to

reduce most secondary cardiovascular outcomes, it was associated with the highest

bleeding risk. The opposite was found for delayed clopidogrel.

Keywords: clopidogrel, prasugrel, ticagrelor, P2Y12 inhibitors, Non-ST-segment elevation acute coronary

syndrome, network meta-analysis

BACKGROUND

Dual antiplatelet therapy (DAPT) including aspirin and a P2Y12

inhibitor is a cornerstone in the treatment of patients with
acute coronary syndrome (ACS) (1–3). This strong platelet
inhibition reduces the thrombotic burden, improving outcomes
but increasing the risk of bleeding with differences between
antiplatelets, which must be balanced for drug selection.
The optimal timing for the initiation of P2Y12 inhibitors
in patients with non-ST-segment elevation ACS (NSTE-ACS)
is controversial (2, 4, 5). While early inhibition—that is,
immediately after a clinical diagnosis of ACS is established—
may prevent the progression of coronary thrombosis, reducing
the risk of further myocardial ischemic events and improving
the results of coronary intervention (4–6), it may increase
bleedings (4, 6). A delayed strategy of P2Y12 inhibitor initiation
—most often, started when coronary anatomy is known
by coronary angiography and a strategy of percutaneous
coronary intervention (PCI) has been decided— should decrease
bleeding risk but may reduce as well the potential benefits of
early antithrombotic treatment. The latest European Society
of Cardiology (ESC) guidelines on NSTE-ACS (2) changed
their recommendation about the timing of P2Y12 inhibitor
administration compared with the previous guidelines (7, 8)
and recommended to avoid an early treatment as a routine
strategy in patients in whom coronary anatomy is unknownwhen
early invasive management is planned (2). This recommendation
is mainly based on the two randomized clinical trials (RCT)
(6, 9) one of them not specifically designed to evaluate the
role of early treatment in the treatment of patients with
NSTE-ACS (9). Actually, the scarce information on the best
timing for initiating DAPT in patents with NSTE-ACS is a
limitation as the number of studies specifically designed to
address the potential benefit or harm of an early vs. a delayed
administration of P2Y12 inhibitors is reduced (6, 10). We
performed a systematic review and network meta-analysis of
all RCTs in which comparisons between early and delayed
initiation of P2Y12 inhibitors in patients with NSTE-ACS were
available to estimate the potential differences in benefits and risks
between the early and delayed initiation strategies with different
P2Y12 inhibitors.

Abbreviations: ACS, Acute coronary syndrome; DAPT, Dual antiplatelet therapy;

HR, Hazard ratio; MACE, Major adverse cardiovascular events; NST-ACS, Non-

ST-segment elevation acute coronary syndrome; PCI, Percutaneous coronary

intervention; RCT, Randomized controlled trials; RR, Risk ratio.

METHODS

This review was reported according to the PRISMA for Network
Meta-Analyses (Preferred Reporting Items for Systematic
Reviews andMeta-Analyses) statement (11) and registered in the
PROSPERO database (registration ID: CRD42021268026).

Search Strategy
PubMed, EMBASE, Scopus,Web of Science, and CENTRALwere
searched from each database inception to 9 January 2021. The
complete search strategy is available in Supplementary Table S1.
There were no language restrictions. We also performed hand
searches of reference lists of included RCTs and relevant to
identify other potentially eligible studies.

Eligibility Criteria
Study inclusion criteria were as follows: RCTs (i) comparing the
results of at least one P2Y12 inhibitor treatment (clopidogrel,
prasugrel, or ticagrelor) started before coronary angiography
(early treatment) and after coronary angiography (delayed
treatment) in patients with NSTE-ACS, (ii) enrolling adult
patients (≥18 years old), and (iii) reporting at least one of
the primary or secondary outcomes at any length of follow-
up. Observational studies, case series, case reports, systematic
reviews, conference abstracts, and editorials were excluded.

Study Selection
All articles from the electronic search were downloaded
into EndNote X8 and duplicate records were removed. All
unique articles were uploaded to Rayyan (https://rayyan.qcri.
org/) for the study selection process. Titles and abstracts
were independently screened by the two investigators (LV and
CDA) to identify the relevant studies. The same investigators
independently examined full texts of selected studies and
registered reasons for exclusions. Disagreements were resolved
by consensus.

Outcomes
The primary outcomes were major adverse cardiovascular
events (MACEs) and bleeding. Secondary outcomes were
all-cause mortality, cardiovascular mortality, myocardial
infarction, stent thrombosis, urgent coronary revascularization,
and stroke. Trial definitions were used for all outcomes
(Supplementary Table S2).

Data Extraction
The two investigators (LV and CDA) independently extracted
the data using a standardized data extraction form that
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was previously piloted. Disagreements were resolved by a
third investigator (AVH). If additional data were needed,
we contacted the corresponding author by email to request
further information. We extracted the following information:
first author name, year of publication, country, study design,
population, sample size, age, sex, description of intervention
arms, follow-up duration, and primary and secondary outcomes
per strategy arm.

Risk of Bias Assessment
Supplementary Figure S1 summarizes the risk of bias of
included studies. The two investigators (LV and CDA)
independently assessed the risk of bias for each RCT using
the Cochrane Risk of Bias (RoB) tool 2.0 (11). Disagreements
were resolved by a third investigator (AVH). The RoB 2.0 tool
evaluates five domains: randomization process, deviations from
intended interventions, missing outcome data, measurement of
the outcome, and selection de the reported result. Each domain
per RCT and each RCT overall was judged as having low, some
concerns, or high risk of bias.

Statistical Analyses
To compare therapeutic time strategies with P2Y12 inhibitors
(early clopidogrel, delayed clopidogrel, early prasugrel, delayed
prasugrel, early ticagrelor, and delayed ticagrelor), we performed
network meta-analyses within a frequentist framework.
Inverse variance random-effects models were used. Effects of
treatment strategies on dichotomous outcomes were expressed
as relative risks (RRs) or hazard ratios (HRs) with their 95%
confidence intervals (CIs). For the primary outcomes, the
main analyses were performed using HRs and, as secondary
analyses, RRs were used. For all secondary outcomes, RRs
were pooled.

The transitivity assumption was assessed by comparing
patient and trial characteristics (type of NSTE-ACS, timing
and dosage of P2Y12 inhibitors, revascularization strategy, and
outcomes) across RCTs. Consistency between direct and indirect
effects was evaluated using the design-by-treatment interaction
test for the overall network (12). Heterogeneity was assessed
using the I2 statistic and defined as low if I2 < 30%, moderate if I2

= 30–60%, and high if I2 > 60%. The ranking among treatments
per outcome (i.e., best to worst) was calculated using the p-scores
(13). Publication bias was not evaluated since the number of
RCTs per outcome was less than 10.

Subgroups analyses were performed according to the type of
NSTE-ACS [unstable angina vs. non-ST elevation myocardial
infarction (NSTEMI)] and type of revascularization strategy
(PCI vs. coronary artery bypass grafting vs. medical therapy)
if enough number of RCTs was available. We also conducted
sensitivity analyses as follows: (i) excluding one RCT from
the main analyses as patients received only medical therapy
(14) and (ii) including only the delayed treatment groups
of the Tarantini et al.’s RCT (10). We used the packages
meta and netmeta from R 3.6.3 (www.r-project.org) for
all meta-analyses. A two-tailed p < 0.05 was considered
statistically significant.

RESULTS

Study Selection
Our search strategy identified 5,216 unique articles. After the
removal of duplicates, 2,494 articles remained. After screening
of articles by title or abstract, 2,419 articles were excluded. After
full-text assessment of 75 articles, 66 articles were excluded for the
following reasons: other population (n= 42), conference abstract
(n= 14), no full-text (n= 5), and protocol (n= 5). A total of nine
RCTs were finally selected (Figure 1) (6, 10, 14–20).

Trial Characteristics
The main characteristics of the selected RCTs are summarized
in Table 1. A total of 40,096 patients were included, with
sample sizes ranging from 213 to 11,080 patients. The mean
ages ranged between 60 and 66 years and 71% were men
(Supplementary Table S3). A total of five out of nine RCTs were
conducted in several countries. Follow-up time ranged from one
to 17.1 months. The proportion of patients with NSTEMI ranged
from 46 to 100% (Supplementary Table S3). The use of PCI
ranged from 46 to 100% across RCTs.

Early treatment with clopidogrel was assessed in two studies,
delayed treatment with clopidogrel in three studies, early
treatment with prasugrel in one study, delayed treatment with
prasugrel in seven studies, early treatment with ticagrelor in
five studies, and delayed treatment with ticagrelor in one study
(specific data not published, provided by the authors of the
RCT (10)). The dosages of P2Y12 inhibitors were as follows:
clopidogrel 300–600mg as loading dose, then 75mg one time a
day; prasugrel 30–60mg as loading dose, then 5–10mg one time
a day; and ticagrelor 180mg loading dose, then 90mg two times
a day (Supplementary Table S3).

Network geometries for MACE, bleeding, all-cause
mortality, cardiovascular mortality, myocardial infarction, stent
thrombosis, and stroke showed direct comparisons for early
treatment with clopidogrel vs. early treatment with ticagrelor,
delayed treatment with clopidogrel vs. delayed treatment with
prasugrel, early treatment with ticagrelor vs. delayed treatment
with prasugrel, early treatment with ticagrelor vs. delayed
treatment with ticagrelor, delayed treatment with prasugrel vs.
delayed treatment with ticagrelor, and delayed treatment with
prasugrel vs. early treatment with prasugrel. For urgent coronary
revascularization, the geometry of the network showed the same
direct comparisons as the other outcomes, except for delayed
treatment with clopidogrel (Supplementary Figure S2).

Risk of Bias Assessment
All RCTs were evaluated as of low risk of bias for all domains.

Network Meta-Analyses of Primary
Outcomes
The effects of P2Y12 inhibitors on primary and secondary
outcomes using early treatment with clopidogrel as
control group in network meta-analyses are described
in Supplementary Figure S3. Direct and indirect results
for all comparisons among treatment arms are shown in
Supplementary Figures S3–S12.
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FIGURE 1 | Diagram flow of study selection.

Mace
Using HR as effect measure, delayed treatment with prasugrel
(HR 0.60; 95% CI 0.43–0.84), early treatment with prasugrel
(HR 0.59; 95% CI 0.40–0.87), and early treatment with ticagrelor
(HR 0.84; 95% CI 0.74–0.96) had a significant reduction
of MACE compared with early treatment with clopidogrel
(Table 2). In addition, early treatment with ticagrelor showed a
significant increase of MACE compared with delayed treatment
with prasugrel (HR 1.40; 95% CI 1.03–1.91) (Table 2). For
these analyses, the six treatment strategies were available
(early/delayed administration of clopidogrel, prasugrel, and

ticagrelor). Heterogeneity of effects was low (I2 = 14%) and the
overall inconsistency was not significant (p= 0.36).

Using RR as effect measure, only delayed treatment with
prasugrel had a significant reduction of MACE compared with
early treatment with clopidogrel (RR, 0.68; 95% CI, 0.47–0.97)
(Table 3). For these analyses, the six treatment strategies were
available. The heterogeneity of effects was moderate (I2 = 41%)
and the overall inconsistency was not significant (p= 0.37).

Delayed treatment with prasugrel ranked as the best
intervention for reducing MACE among all the treatments (p-
score = 0.80) and early treatment with clopidogrel ranked
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TABLE 1 | Characteristics of included randomized controlled trials.

Acronym &

Author, Year

[reference]

Country (ies) Type of RCT Sample

size

Population Follow-up time

(months)

Arms Timing Revascularization

strategy

Outcomes

TRILOGY-ACS

Roe, 2012 (14)

Various

countries

Parallel,

double-blinded

9,326 NSTE-ACS patients with

medical treatment without

revascularization within 10

days after the index event

17.1 (10.4-24.4) Prasugrel DT Medical treatment (100%) MACE, CV mortality, MI, stroke,

bleeding

Clopidogrel DT Medical treatment (100%)

ACCOAST

Montalescot,

2013 (6)

Various

countries

Parallel,

double-blinded

4,033 NSTEMI who underwent

PCI 2-48 h after

randomization

1 Prasugrel ET PCI (68.7%), CABG

(6.2%), medical treatment

(25.1%)

MACE, all-cause mortality, CV

mortality, MI, stroke, urgent coronary

revascularization, stent thrombosis,

bleeding

Prasugrel DT

TRITON-TIMI 38

De Servi, 2014

(15)

Various

countries

Parallel,

double-blinded

10,074 Moderate to high risk

NSTE-ACS with

scheduled PCI

14.5 (6-15) Prasugrel DT PCI (99.1%) MACE, CV mortality, MI, stroke,

bleeding

Clopidogrel DT PCI (99.1%)

PLATO

Lindholm, 2014

(16)

Various

countries

Parallel,

double-blinded

11,080 Patients with NSTE-ACS 12 Ticagrelor ET PCI (51.4%), CABG

(12.1%), medical

treatment (36.5%)

MACE, all-cause mortality, CV

mortality, MI, stroke, bleeding

Clopidogrel ET PCI (51.7%), CABG

(12.3%), medical

treatment (36%)

Bonello, 2015

(17)

France Parallel,

open-label

213 Adult patients who

underwent PCI for an

intermediate or high-risk

NSTE-ACS

1 Ticagrelor ET PCI (100%) MACE, CV mortality, MI, stroke,

bleeding

Prasugrel DT PCI (100%)

Elderly ACS 2

Savonitto, 2018

(18)

Italy Parallel,

open-label

848 Patients >74 years with

ACS treated with PCI

during index admission

12 Prasugrel DT PCI (99.8%) MACE, stent thrombosis

Clopidogrel DT

POPULAR AGE

Gimbel, 2020

(19)

Netherlands Parallel,

open-label

1,002 Patients with NSTE-ACS

aged 70 years or older

randomized within 72 hrs

after admission

12 Ticagrelor ET PCI (48%), CABG (17%),

medical treatment (35%)

MACE, all-cause mortality, CV

mortality, MI, stroke, urgent coronary

revascularization, stent thrombosis,

bleeding

Clopidogrel ET PCI (46%), CABG (16%),

medical treatment (38%)

ISAR-REACT-5

Valina, 2020 (20)

Germany and

Italy

Parallel,

open-label

2,365 Patients with NSTE-ACS

scheduled to coronary

angiography

12 Ticagrelor ET PCI (76.3%), CABG

(3.59%), medical

treatment (20.2%)

MACE, all-cause mortality, CV

mortality, MI, stroke, stent

thrombosis, bleeding

(Continued)
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as the worst intervention (p-score = 0.04) (Figure 2 and
Supplementary Table S4).

Bleeding
Using HR as effect measure, delayed treatment with clopidogrel
(HR, 0.38; 95% CI, 0.19–0.77) and delayed treatment with
prasugrel (HR, 0.51; 95% CI, 0.28–0.92) showed a significant
reduction of bleeding risk compared to early treatment with
prasugrel (Table 2). For these analyses, the six treatment
strategies were available. Heterogeneity of effects was high (I2 =
62%) and the overall inconsistency was not significant (p= 0.67).

Using RR as effect measure, delayed treatment with
clopidogrel (RR 0.39; 95% CI 0.23–0.65), early treatment with
clopidogrel (RR 0.49; 95% CI 0.27–0.89), and delayed treatment
with prasugrel (RR 0.51; 95% CI 0.32–0.80) showed a significant
reduction of bleeding risk compared with early treatment
with prasugrel (Table 3). Delayed treatment with clopidogrel
showed a significant reduction of bleeding risk compared with
delayed treatment with prasugrel (RR, 0.76; 95% CI, 0.59–0.96).
Early treatment with prasugrel showed a significant increase of
bleeding risk compared with early treatment with ticagrelor (RR,
1.82; 95% CI, 1.02–3.24). For these analyses, all six treatment
strategies were available. Heterogeneity of effects was low (I2 =

10%) and the overall inconsistency was not significant (p= 0.41).
Delayed treatment with clopidogrel ranked as the best

intervention for reducing bleeding among all the treatments
(p-score = 0.84) and early treatment with prasugrel ranked
as the worst intervention (p-score = 0.06) (Figure 2 and
Supplementary Table S4).

Network Meta-Analyses of Secondary
Outcomes
All-Cause Mortality
Early treatment with clopidogrel was associated with a significant
increase in all-cause mortality risk compared with delayed
treatment with clopidogrel (RR 1.69; 95% CI 1.06–2.70)
(Supplementary Table S4). Delayed treatment with prasugrel
(RR 0.56; 95% CI 0.35–0.87) and early treatment with
ticagrelor (RR 0.78; 95% CI 0.66–0.91) were associated with
significant reductions in all-cause mortality risk compared
with early treatment with clopidogrel (Supplementary Table S4).
Heterogeneity of effects was low (I2 = 0%) and the overall
inconsistency was not significant (p= 0.49). Early treatment with
prasugrel ranked as the best intervention among all treatments
for reducing all-cause mortality risk (p-score= 0.83) and delayed
treatment with ticagrelor ranked as the worst intervention (p-
score= 0.13) (Figure 2 and Supplementary Table S4).

Cardiovascular Mortality
Early treatment with clopidogrel was associated with a
higher cardiovascular mortality risk compared with early
treatment with prasugrel (RR 2.63; 95% CI 1.12–6.14) and
early treatment with ticagrelor (RR 1.29; 95% CI 1.08–1.54)
(Supplementary Table S5). Heterogeneity of effects was low
(I2 = 0%) and the overall inconsistency was not significant
(p = 0.54). Early treatment with prasugrel ranked as the best
intervention for reducing cardiovascular mortality among all
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TABLE 2 | League table of the effects of P2Y12 inhibitors expressed as hazard ratio with their 95% CIs on MACE (white cells) and bleeding (gray cells).

Delayed clopidogrel 0.61 (0.30–1.23) 0.76 (0.53–1.08) 0.38 (0.19–0.77) 1.08 (0.32–3.69) 0.68 (0.36–1.27)

1.50 (1.06–2.12) Early clopidogrel 1.24 (0.68–2.27) 0.63 (0.27–1.47) 1.77 (0.53–5.97) 1.11 (0.82–1.51)

0.90 (0.82–0.99) 0.60 (0.43–0.84) Delayed prasugrel 0.51 (0.28–0.92) 1.43 (0.44–4.62) 0.89 (0.53–1.50)

0.89 (0.72–1.10) 0.59 (0.40–0.87) 0.99 (0.82–1.20) Early prasugrel 2.81 (0.75–10.47) 1.76 (0.80–3.86)

0.98 (0.36–2.68) 0.65 (0.24–1.78) 1.09 (0.40–2.98) 1.10 (0.39–3.06) Delayed ticagrelor 0.63 (0.19–2.02)

1.26 (0.91–1.74) 0.84 (0.74–0.96) 1.40 (1.03–1.91) 1.42 (0.98–2.04) 1.29 (0.48–3.49) Early ticagrelor

CIs, confidence intervals; MACE, major adverse cardiovascular events. For hazard ratios of MACE and bleeding the comparison is row vs. column (comparator). Effects in bold are

statistically significant.

TABLE 3 | League table of the effects of P2Y12 inhibitors expressed as risk ratio with their 95% CIs on MACE (white cells) and bleeding (gray cells).

Delayed clopidogrel 0.78 (0.50–1.22) 0.76 (0.59–0.96) 0.39 (0.23–0.65) 0.88 (0.29–2.69) 0.70 (0.45–1.08)

1.32 (0.90–1.93) Early clopidogrel 0.97 (0.66–1.42) 0.49 (0.27–0.89) 1.12 (0.38–3.31) 0.90 (0.79–1.02)

0.89 (0.78–1.03) 0.68 (0.47–0.97) Delayed prasugrel 0.51 (0.32–0.80) 1.16 (0.39–3.47) 0.93 (0.65–1.33)

0.89 (0.67–1.17) 0.67 (0.44–1.04) 0.99 (0.78–1.26) Early prasugrel 2.27 (0.69–7.44) 1.82 (1.02–3.24)

0.32 (0.04–2.48) 0.24 (0.03–1.87) 0.36 (0.05–2.77) 0.36 (0.05–2.83) Delayed ticagrelor 0.80 (0.27–2.34)

1.15 (0.82–1.62) 0.88 (0.73–1.05) 1.29 (0.95–1.76) 1.30 (0.88–1.93) 3.59 (0.47–27.34) Early ticagrelor

CIs, confidence intervals; MACE, major adverse cardiovascular events. For risk ratios of MACE and bleeding the comparison is row vs. column (comparator). Effects in bold are

statistically significant.

FIGURE 2 | Rank-heat plot. Each concentric circle represents a different outcome (as labeled), with the outermost circle representing the MACEs, and the innermost

circle representing stroke. The scale bar represents the ranking statistic for each intervention using the p-scores, where 0% (red) indicates the lowest possible rank

(worst treatment), and 100% (green) represents the highest possible rank (best treatment). Each rectangle represents an intervention and is coded using a letter

outside the outmost circle (see treatment legend). The number within each rectangle represents the ranking statistic of the intervention for the particular outcome circle.
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treatments (p-score= 0.92) and early treatment with clopidogrel
ranked as the worst intervention (p-score = 0.12) (Figure 2 and
Supplementary Table S4).

Myocardial Infarction
None of the comparisons showed significant effects on
myocardial infarction (Supplementary Table S6). Heterogeneity
of effects was moderate (I2 = 41%) and the overall inconsistency
was not significant (p = 0.38). Delayed treatment with prasugrel
ranked as the best intervention among all treatments for reducing
myocardial infarction risk (p-score = 0.83) and early treatment
with clopidogrel ranked as the worst intervention (p-score =

0.22) (Figure 2 and Supplementary Table S4).

Stent Thrombosis
Delayed treatment with clopidogrel was associated with a
significantly higher stent thrombosis risk compared with
early treatment with prasugrel (Supplementary Table S6).
Heterogeneity of effects was low (I2 = 0%) and the overall
inconsistency was not significant (p = 0.62). Early treatment
with prasugrel ranked as the best intervention among other
treatments for reducing stent thrombosis (p-score = 0.85) and
early treatment with clopidogrel ranked as the worst intervention
(p-score= 0.05) (Figure 2 and Supplementary Table S4).

Urgent Coronary Revascularization
None of the comparisons between treatment arms showed
significant effects on urgent coronary revascularization
risk (Supplementary Table S7). Heterogeneity and overall
consistency could not be assessed. Early treatment with
ticagrelor ranked as the best intervention for reducing urgent
coronary revascularization risk (p-score = 0.93) and early
treatment with prasugrel ranked as the worst intervention
(p-score= 0.11) (Figure 2 and Supplementary Table S4).

Stroke
None of the comparisons between treatment arms showed
a significant effect on stroke (Supplementary Table S6).
Heterogeneity of effects was low (I2 = 0%) and the overall
inconsistency was not significant (p = 0.99). Early treatment
with prasugrel ranked as the best intervention for reducing
stroke risk (p-score = 0.83) and delayed treatment with
ticagrelor ranked as the worst intervention (p-score = 0.05)
(Supplementary Table S4 and Figure 2).

Sensitivity Analyses
After excluding the one trial evaluating only medically
managed patients, (14) the ranking of best treatment strategies
did not change for all primary and secondary outcomes
(Supplementary Table S8). Considering only the delayed
treatment with ticagrelor and prasugrel strategies of the
DUBIUS trial (10), the ranking of best treatment strategies
was also similar for all primary and secondary outcomes
(Supplementary Table S9).

DISCUSSION

This network meta-analysis, including nine RCTs and ∼40,000
patients with NSTE-ACS, comparing different treatment

strategies of individual P2Y12 inhibitors and initiation times
shows that: (1) the delayed initiation of treatment with prasugrel
seems to be the most effective DAPT timing strategy for reducing
MACE, (2) the early initiation of prasugrel is ranked as the best
option for preventing most secondary cardiovascular outcomes
but is associated with the highest increase in bleeding risk, and
(3) a delayed initiation of treatment with clopidogrel is the safest
option in terms of bleeding risk.

While there is clear evidence supporting the greater efficacy
of the newer antiplatelet drugs, prasugrel and ticagrelor over
clopidogrel in the treatment of ACS, at the expense of an
increased bleeding risk (16, 21–24), the relative benefits and risks
between these two drugs are less clear due to the differences in
trial designs and, therefore, debated (4, 25). The optimal time for
the initiation of P2Y12 inhibitor treatment in patients with NSTE-
ACS is also a controversial issue (2, 4–6). The latest ESC NSTE-
ACS guidelines recommend against the systematic early initiation
of P2Y12 inhibitors. This recommendation is mainly based on
the results of two RCTs, (6, 9) interpreted differently (4, 24–26).
The ACCOAST trial (6), which compared early vs. delayed (“on
the table”) administration of prasugrel in patients with NSTE-
ACS in whom PCI was planned, showed no clinical benefit with
the early initiation of prasugrel but an increased risk of bleeding
although the difference in time between the early and delayed
administration was only 4.3 h (6), shorter that can be expected
in most centers in regular clinical practice. The ISAR-REACT
5 trial is an open label study comparing the efficacy and safety
of ticagrelor vs. prasugrel in patients with ACS. Although the
patients with NSTE-ACS allocated to the ticagrelor arm received
the drug early and those allocated to the prasugrel arm received
the drug “on the table,” the trial was not specifically designed to
compare early vs. delayed P2Y12 initiation (9).

Given the shortage of direct evidence comparing the merits
of the different time strategies for the initiation of the different
P2Y12 inhibitors, there is a need to use indirect evidence to
improve the available information. From this perspective, we
have systematically reviewed all the direct and indirect evidence
coming from RCTs to build this network meta-analysis and help
clarifying the potential risks and benefits of the early vs. delayed
administration of P2Y12 inhibitors in patients with NSTE-ACS,
providing with a more precise effect estimation.

Our results confirm that there is no optimal timing for the
initiation of P2Y12 inhibition. As expected, both early treatment
with ticagrelor and early or delayed treatment with prasugrel are
associated with reductions in MACE, cardiovascular mortality,
and all-causemortality risk compared with clopidogrel. However,
in our analysis, delayed prasugrel initiationwas the option ranked
best for the reduction of MACE, the main endpoint of this
review. This finding is partially driven by the results of the
ISAR-REACT 5 trial (20) in which prasugrel showed a greater
reduction in ischemic events compared with ticagrelor (20).
Although this study has been criticized for being an open label
study (4) and has been excluded from some meta-analyses (23),
we have included it in our study to maximize the information
comparing different timings of P2Y12 inhibitor initiation. The
DUBIUS trial compared a delayed administration of oral P2Y12

inhibitors (prasugrel or ticagrelor, 1:1 randomization) vs. an early
ticagrelor strategy in patients with NSTE-ACS. Early prasugrel
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initiation was not considered as a randomization arm in this
trial. The study showed no significant differences in the MACE
endpoint comparing delayed ticagrelor vs. delayed prasugrel, and
the risk of bleeding was also comparable between both delayed
treatments (10).

We have incorporated all trials including different times of
P2Y12 initiation by any design. Compared with clopidogrel,
prasugrel reduces ischemic events, such as MACE, stent
thrombosis (27, 28), cardiovascular mortality, and stroke (29).
However, the timing of administration makes an important
difference. In our meta-analysis, while the early administration
of prasugrel has a greater benefit in preventing ischemic events,
it is associated with a significant increase in bleeding risk, not
seen with a delayed administration, mostly “on the table.” For
secondary outcomes, early treatment with prasugrel ranked as
the best option for reducing all-cause mortality, cardiovascular
mortality, stent thrombosis, and stroke risk while early ticagrelor
ranked best only for reducing urgent coronary revascularization.
Delayed ticagrelor initiation was associated with a lower bleeding
risk compared with early ticagrelor treatment. The safest
strategy associated with the lowest bleeding risk is delayed
clopidogrel treatment, a finding consistent with the previous
trials and meta-analyses (19, 23, 30), but with the poorest results
in efficacy.

The network meta-analysis ranks delayed prasugrel as the
best therapy for MACE with an acceptable risk of bleeding.
Accordingly, it seems that the delayed initiation of prasugrel
is the strategy associated with a more favorable benefit or risk
balance when coronary angiography is anticipated to occur
within a short time after the presentation, as recommended in the
new ESC NSTE-ACS guidelines (2). Delayed ticagrelor initiation
ranked better than early initiation for reducing MACE, with a
lower risk of bleeding. However, it should be noted that only one
trial (DUBIUS trial) specifically analyzed the efficacy of delayed
administration of ticagrelor in the setting of NST-ACS (10), and
the times of P2Y12 inhibitors administration (early vs. delayed)
were also allocated randomly.

Our study may have clinical implications, as we have
developed a ranking for all the potential combination of P2Y12

inhibitors and times of initiation in patients with NSTE-ACS
for the main cardiovascular and safety outcomes. As stated in
the current recommendations, (2) an effort should be made
to better define the ischemic and hemorrhagic risk profile of
patients with NSTE-ACS (2, 31–33), as well as to establish
preference scenarios according to the therapeutic objectives. We
cannot exclude the early initiation of P2Y12 inhibitors to be
considered in patients in whom coronary angiography is going to
be deferred by days for clinical or logistical reasons (not related
to bleeding). In this case, early ticagrelor may be a reasonable
option. The choice of P2Y12 inhibitor for delayed initiation may
not be automatic. While prasugrel may be the first choice for
delayed initiation, a number of patients may need treatment with
clopidogrel due to contraindications or high bleeding risk. The
delayed initiation of ticagrelor needs more evidence as only one
study with no observed superiority has been published, and the
available information suggests a superiority of delayed prasugrel
initiation for the majority of endpoints.

This meta-analysis of randomized trials comparing different
initiations of P2Y12 inhibitors increases our understanding of
the strengths and weaknesses of the available evidence regarding
the best timing to start DAP and pinpoints the need for more
studies to properly define the optimal time of initiation of each
P2Y12 inhibitor in patients with NSTE-ACS. Compared with
previous meta-analyses (13, 24, 27, 29) our study presents a
number of differences and advantages: i) it is the first meta-
analysis focused on the timing of administration rather than on
the comparison between drugs, ii) it is restricted to the initiation
of P2Y12 inhibitors in patients with NSTE-ACS, probably the
most controversial scenario for clinical decision-making (4, 5,
24, 34), iii) it summarizes all available information, including
direct evidence and indirect estimations, providing a quantitative
proxy of the potential benefits and risks of each therapeutic
strategy with each P2Y12 inhibitor compared with the other
options; iv) in contrast to the meta-analysis by Navarese et al.
(23), it includes open label RCTs, as it is very difficult to have
(and unlikely to happen) double blind face-to-face comparisons
between all the P2Y12 inhibitors and time strategies; v) it is the
only review that includes information on the delayed treatment
with ticagrelor; vi) it includes patients of all ages, not only the
elderly (24), and vii) it includes an analysis of cardiovascular
mortality, a relevant endpoint not available in all the studies
(24, 27). However, this review should be interpreted with caution
considering a number of limitations. First, our study did not use
patient-level analysis but was performed at the trial level. Many
studies included both patients with ST elevation myocardial
infarction (STEMI) and non-STEMI and randomization did not
take into account the type of ACS. Second, there are differences
among trials in the definition of some endpoints, particularly
bleeding, and therefore, the estimates are for slightly different
event risks. Third, the differences in the duration of P2Y12

inhibitor treatment between the two arms may have had an
impact on bleeding and anti-ischemic efficacy but this was not
available in some studies. Fourth, although we found no evidence
of statistical inconsistency, a moderate to high heterogeneity
of effects was found in our primary outcomes, which may be
expected due to the different study designs, population types,
revascularization strategies, and follow-up durations. Fifth, we
could not include the analysis of net adverse clinical events as
this composite endpoint was only reported in three RCTs. Sixth,
it was not possible to have subgroup analyses due to the paucity of
data. Finally, since data on delayed treatment with ticagrelor were
only reported in one RCT, our findings for this option should be
interpreted with caution.

CONCLUSIONS

Considering all the direct and indirect evidence from RCTs,
the delayed administration of prasugrel for DAPT initiation
seems to be the most effective strategy to reduce MACE
in patients with NSTE-ACS. Early prasugrel seems the best
option to reduce most secondary cardiovascular outcomes
but is associated with the highest bleeding risk. The delayed
initiation of clopidogrel is the safest strategy but with poor
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results in preventing all cardiovascular outcomes. Adequately
sized RCTs addressing specifically these questions are needed
to define clearly which P2Y12 inhibitor should be started
and when in the different clinical scenarios in patients
with NSTE-ACS.
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