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Abstract

Introduction: This meta-analysis evaluated the efficacy and safety of dual
antiplatelet therapy (DAPT) with aspirin combined with ticagrelor, clopido-
grel, or prasugrel in coronary artery bypass grafting (CABG) patients.
Methods: Nineteen studies involving 9,585 patients were included.

Results: Post-CABG administration of ticagrelor significantly reduced all-
cause mortality (OR = 0.49 [0.33, 0.73]; p < 0.01) and minimized major
bleeding when discontinued more than 3 days before surgery (OR = 0.62
[0.47, 0.83]; p < 0.01). Ticagrelor exhibited a non-significant trend toward
reducing both re-bleeding and the need for platelet transfusions. Prasugrel
was associated with a higher requirement for platelet transfusions (OR =
1.88; 95% Cl: 1.24-2.87; p < 0.01). No significant associations were found for
myocardial infarction, stroke, or RBC transfusion.

Conclusions: In CABG patients, DAPT with aspirin and ticagrelor offers the
best balance between efficacy and safety, improving key outcomes while
managing bleeding risk. Prasugrel’s increased bleeding risk requires caution
in its use.

Key words: ticagrelor, clopidogrel, prasugrel, dual antiplatelet therapy,
major bleeding.

Introduction

Coronary artery bypass grafting (CABG) is a key treatment for ad-
vanced coronary artery disease (CAD), especially in patients with mul-
tivessel disease or when percutaneous coronary intervention (PCI) is
not an option [1]. While CABG is widely used and significantly enhances
long-term survival [2, 3], it can lead to certain complications. One major
concern is graft failure, which occurs in 10% to 50% of cases over time
[4-7]. This is mainly caused by thrombosis and intimal hyperplasia. To
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address this, antiplatelet therapy plays a crucial
role in improving graft patency and overall patient
outcomes.

Aspirin has long been the gold standard for
antiplatelet therapy in post-CABG patients due to
its proven efficacy in reducing graft occlusion and
cardiovascular events [8, 9]. However, recent evi-
dence has increasingly supported the use of dual
antiplatelet therapy (DAPT) with a P2Y12 inhibitor
in addition to aspirin, particularly in patients at
high risk of thrombotic events [10]. DAPT, while
more effective in reducing the incidence of ma-
jor adverse cardiovascular and cerebrovascular
events (MACCE), also carries an increased risk of
bleeding, which can complicate postoperative re-
covery and may demand additional surgical inter-
ventions [11, 12].

The choice of P2Y12 inhibitor in DAPT is a crit-
ical decision. Clopidogrel, a thienopyridine that
irreversibly inhibits the P2Y12 receptor, has been
widely used due to its relatively favorable bleeding
profile and extensive clinical experience. However,
itis a prodrug requiring hepatic activation, and ge-
netic polymorphisms affecting CYP2C19 can result
in variable antiplatelet effects, leaving up to 30%
of patients at risk of inadequate platelet inhibition
[13]. This has led to the increasing use of newer,
more potent P2Y12 inhibitors, such as ticagrelor,
which do not require metabolic activation and of-
fer more consistent platelet inhibition [14].

Ticagrelor, a direct-acting reversible P2Y12 inhib-
itor, has been shown to reduce the risk of MACCE
more effectively than clopidogrel, particularly in
acute coronary syndrome (ACS) settings [15]. How-
ever, its association with increased bleeding, espe-
cially in the context of surgery, poses significant
challenges in its perioperative management [16].
Prasugrel, another potent irreversible inhibitor of
the P2Y12 receptor, has demonstrated superior effi-
cacy to clopidogrel in preventing thrombotic events,
albeit with a higher risk of major bleeding [17].

Although dual antiplatelet therapy (DAPT) offers
clear benefits, important questions remain about
the best choice of P2Y12 inhibitor and the ideal
timing to stop these medications before CABG.
These decisions aim to balance reducing bleeding
risks while maintaining effective antithrombotic
protection [18]. Current guidelines advise against
starting prasugrel in patients needing CABG due
to its higher bleeding risk. However, prasugrel has
not been thoroughly studied in this setting, creat-
ing a gap in recommendations for its use around
the time of surgery [19]. Similarly, while ticagre-
lor has not been shown to significantly increase
CABG-related bleeding compared to clopidogrel, it
is linked to a higher overall risk of major bleeding.
This adds complexity to its management during
the perioperative period. The limited data on both

agents in the context of CABG contributes to on-
going uncertainty about their optimal role in dual
antiplatelet therapy for these patients [19].

This systematic review and meta-analysis aim to
address these critical gaps by evaluating the com-
parative efficacy and safety of ticagrelor, prasugrel,
and clopidogrel in patients undergoing CABG. By
analyzing data from around 10,000 patients, we
seek to provide evidence-based recommendations
on the optimal antiplatelet strategy for CABG, with
the goal of improving postoperative outcomes
while minimizing the risk of adverse events.

Methodology

Data source, search strategy, and eligibility
criteria

This systematic review and meta-analysis were
conducted in strict adherence to the Cochrane
Handbook for Systematic Reviews of Interventions
and the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines
[20, 21]. The study protocol was pre-registered
on the International Prospective Register of Sys-
tematic Reviews (PROSPERO) under ID 545557.
Comprehensive searches were performed across
electronic databases including MEDLINE, Scopus,
and the Cochrane Central Register of Controlled
Trials, covering the period from their inception to
September 30, 2024. A detailed search strategy,
including specific keywords and MeSH terms, is
available in the Supplementary Tables SI.

To identify relevant articles, reference lists of
obtained trials, review articles, and previous me-
ta-analyses were manually screened. All articles
retrieved after the systematic search were export-
ed to Zotero (Version 6.0, Corporation for Digital
Scholarship, Vienna, VA, USA), where duplicates
were identified and removed. Studies were includ-
ed if they met the following criteria: (i) CABG for
coronary heart disease in patients > 18 years old
with at least two antiplatelet arms (clopidogrel vs.
ticagrelor or prasugrel); (ii) clopidogrel + aspirin
as the control group; (iii) outcome reporting as
patient count or percentage; (iv) at least one of
the following outcomes: all-cause mortality, ma-
jor bleeding, re-bleeding, myocardial infarction,
stroke, RBC transfusion, or platelet transfusion;
(v) original articles, including RCTs, case-control,
and cohort studies. Any review articles, ongoing
RCTs, and studies conducted in a language other
than English were excluded.

Data extraction and quality assessment

Two independent reviewers (JA and MA) initial-
ly assessed the remaining articles based on title
and abstract, followed by a full-text screening to
determine relevance to the eligibility criteria. Any
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discrepancies that arose were resolved by a third
reviewer (SW).

Trial characteristics, baseline demographics,
outcomes, and safety data were extracted onto
a predesigned Excel spreadsheet. The quality as-
sessment of the identified articles was conducted
by two reviewers using the Cochrane Collabora-
tion’s risk of bias tool for RCTs [22], and the New-
castle-Ottawa scale was utilized to evaluate the
quality of observational studies [23]. Evaluation
criteria were based on comparability, selection,
and outcome or exposure of the included studies
(Supplementary Table Sl and SliI).

Statistical analysis

We reported outcomes as odds ratios (ORs)
with 95% confidence intervals (Cls) and pooled
them using the Der Simonian-Laird random-ef-
fects model [24]. We used forest plots to visualize
pooled results and funnel plots to assess publica-
tion bias. Heterogeneity across trials was assessed
using Higgins /2. The x? test was performed to
evaluate differences between the subgroups. We
assessed publication bias using Egger’s regression
test for outcomes with 10 or more studies.

We conducted a sub-group analysis to deter-
mine whether the following factors influenced the
effect size: (i) study design (RCT vs. observation-
al) and (ii) instance of drug administered (before
CABG vs. after CABG). Furthermore, we performed
a sensitivity analysis by excluding studies that ap-
peared as outliers in the forest plot. A two-tailed
p < 0.05 was considered statistically significant.
All statistical analyses were conducted using R
(Version 4.4.1; R Foundation for Statistical Com-
puting, Vienna, Austria).

Results

Aspirin plus ticagrelor versus aspirin plus
clopidogrel

ThePRISMAflowchart (SupplementaryFigureS1)
presents a concise overview of the search and
trials section. Seventeen trials were included,
comprising two RCTs and fifteen observational
studies, which assessed the effect of aspirin plus
ticagrelor versus aspirin plus clopidogrel on pa-
tients undergoing CABG and their postoperative
outcomes [24-41]. Most of the included studies
were found to have a low risk for bias, except for
Dery and Tang, which had a moderate risk [26,
34]. A total of 8,891 patients participated in these
trials (n = 4,148 in the aspirin + ticagrelor arm and
n = 4,743 in the aspirin + clopidogrel arm). The
mean age of the patients was 65.9 years, with
males comprising 75.6% of the population. Table |
summarizes the baseline characteristics of pa-
tients in each included trial.

Major bleeding

Fifteen studies reported major bleeding. Me-
ta-analysis of these studies showed no significant
difference between the drugs in preventing ma-
jor bleeding (OR = 1.01 [0.78, 1.31]; p = 0.92, I*=
52%; Figure 1 A). The funnel plot showed a sym-
metrical distribution, suggesting robust results
(Supplementary Figure S2). Egger’s regression test
showed no evidence of publication bias (p = 0.10).
Subgroup analysis of ticagrelor discontinuation for
within 3 days versus more than 3 days was possi-
ble for eight studies, with six of them providing us
with data for both discontinuation groups. The re-
sults of this analysis were statistically significant,
favoring ticagrelor being discontinued more than
3 days prior to surgery (OR = 0.62 [0.47, 0.83]; p
< 0.01, ?= 45%; Figure 1 B). Conversely, the anal-
ysis favored clopidogrel when discontinuation oc-
curred less than 3 days prior to surgery (OR = 1.57
[1.04, 2.36]; p < 0.01, I>= 63%,; Figure 1 B). Other
subgroup analyses did not demonstrate any effect
modification by the instance of drug administered
(P-interaction: 0.99; Supplementary Figure S3) or
by study design (P-interaction: 0.39; Supplementa-
ry Figure S4). Excluding Varma and Voetsch during
the sensitivity analysis reduced the heterogeneity
and effect size (OR = 0.86 [0.71, 1.05]; p = 0.14, /?
= 21%; Supplementary Figure S5).

Re-bleeding

Re-bleeding was reported in twelve studies.
The meta-analysis of these studies revealed that
ticagrelor trended towards preventing re-bleeding
(OR = 0.85 [0.68, 1.08]; p = 0.18, 1> = 3%,; Figure
1 C), although the P-value indicates that this re-
sult is not statistically significant. The funnel plot
revealed a symmetrical distribution, suggesting
robust results (Supplementary Figure S6). Egger’s
regression test showed no evidence of publication
bias (p = 0.95). Subgroup analysis did not demon-
strate any effect modification by instance of drug
administered (P-interaction: 0.30; Supplementary
Figure S7) and by study design (P-interaction: 0.22;
Supplementary Figure S8). Sensitivity analysis by
removing Held and Varma reduced heterogeneity
and resulted in a statistically significant effect size
(OR = 0.78 [0.61, 0.99]; p = 0.04, I>= 0%; Supple-
mentary Figure S9).

Platelet transfusion

Platelet transfusions right after CABG were re-
ported in seven studies. Meta-analysis of these
studies showed that neither drug was superior in
reducing the need for platelet transfusion (OR =
0.89[0.73, 1.08]; p = 0.23, I*= 42%; Figure 1 D). The
funnel plot revealed symmetrical distribution, sig-
nifying robust findings (Supplementary Figure S10).
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Sensitivity analysis by removing Voetsch and Dery  cant difference between the drugs in preventing
reduced the heterogeneity and resulted in a statis-  all-cause mortality (OR = 1.04 [0.65, 1.65]; p =
tically significant effect size (OR = 0.83[0.69, 0.99];  0.88, />= 54%; Figure 1 E). The funnel plot showed
p = 0.04, = 31%; Supplementary Figure S11). a symmetrical distribution, indicating robust re-
sults (Supplementary Figure S12). Egger’s regres-
sion test showed no evidence of publication bias

Ten studies reported all-cause mortality. Me-  (p = 0.14). Subgroup analysis showed a statistical-
ta-analysis of these studies showed no signifi- ly significant reduction in all-cause mortality with

All-cause mortality

A. Major bleeding

Study or log[odds ratio] SE Weight 0Odds ratio 0Odds ratio

subgroup (%) IV, random, 95% ClI IV, random, 95% ClI

Chang 2019 -0.555 0.5501 43 0.57[0.20, 1.69] —_—7

Della 2017 -0.3417 0.3262 8.4 0.71[0.37, 1.35] —

Dery 2014 -0.0377 0.4664 55 0.96 [0.39, 2.40] —_—

Hansson 2016 -0.3674 0.1187 15.4 0.69[0.55, 0.87] —-—

Held 2011 -0.1571 0.1775 134 0.85[0.60, 1.21] —=

Holm 2019 -0.1471 0.1637 13.9 0.86 [0.63, 1.19] —-—

Ingrassia 2023 -0.1023 0.4025 6.6 0.90[0.41, 1.99] e

Russo 2019 0.4499 0.3329 8.3 1.57[0.82, 3.01] =

Schaefer 2016 3.1627 1.4838 0.7 23.63[1.29, 433.07] »

Tang 2021 0.098 1.0139 1.5 1.10[0.15, 8.05]

Varma 2020 1.7702 0.7781 2.5 5.87 [1.28, 26.98]

Voetsch 2022 0.5895 0.262 10.4 1.80[1.08, 3.01] ——

Wang 2022a -1.6693 1.4414 0.8 0.19[0.01, 3.18]

Wang 2022b 0.3447 0.3744 7.2 1.41[0.68, 2.94] ——

Yan 2020 -0.4891 1.2386 1.1 0.61[0.05, 6.95]

Total (95% CI) 100.0 1.01[0.78, 1.31] ?

Heterogeneity: 12 = 0.10; 2 = 29.43, df = 14 (p = 0.009); * = 52% } } t } |

Test for overall effect: Z = 0.10 (p = 0.92) 0.01 01 1 10 100
Favours Ticagrelor Favours Clopidogrel

B. Major bleeding subgrouped by discontinuation of ticagrelor

Study or log[odds ratio] SE Weight 0Odds ratio 0Odds ratio

subgroup (%) IV, random, 95% ClI IV, random, 95% ClI

1.1.1. Discontinued < 3 days

Della 2017 -0.0242 0.614 5.1 0.98[0.29, 3.25]

Hansson 2016 0.7843 0.1656 9.4 2.19[1.58, 3.03] —

Held 2011 0.0536 0.2103 9.1 1.06 [0.70, 1.59] —

Holm 2019 0.0456 0.2293 8.9 1.05[0.67, 1.64] —

Ingrassia 2023 0.0035 0.4752 6.4 1.00 [0.40, 2.55] JEE S

Schaefer 2016 3.1627 1.4838 1.5 23.63[1.29, 433.07] »

Varma 2020 1.7702 0.7781 3.9 5.87[1.28, 26.98]

Wang 2022b 0.7972 0.3973 7.2 2.22[1.02, 4.84] .

Subtotal (95% Cl) 51.4 1.57 [1.04, 2.36] =

Heterogeneity: 1> = 0.18; 2 = 19.16, df = 7 (p = 0.008); I> = 63%

Test for overall effect: Z = 2.15 (p = 0.03)

1.1.2. Discontinued > 3 days

Della 2017 -0.4166 0.3537 7.6 0.66 [0.33, 1.32] —_—

Hansson 2016 -0.8121 0.1386 9.6 0.44[0.34, 0.58] —

Held 2011 -0.4018 0.232 8.9 0.67 [0.42, 1.05] —

Holm 2019 -0.5721 0.2246 8.9 0.56 [0.36, 0.88] —_—

Ingrassia 2023 -0.2109 0.4928 6.2 0.81[0.31, 2.13] B E—

Wang 2022b 0.2544 0.3769 7.4 1.29[0.62, 2.70] —_—

Subtotal (95% Cl) 48.6 0.62 [0.47, 0.83] <o

Heterogeneity: t? = 0.05; ¥ = 9.07,df =5 (p = 0.11); > = 45%

Test for overall effect: Z = 3.25 (p = 0.001)

Total (95% Cl) 100.0 1.07 [0.73, 1.57] ?

Heterogeneity: 1> = 0.38; ¥ = 79.42, df = 13 (p < 0.00001); /* = 84% } } t } }

Test for overall effect: Z = 0.33 (p = 0.74) 0.06 0.2 1 5 20

Test for subgroup differences: 32 = 13.12, df = 1 (p = 0.0003), I = 92.4% Favours Ticagrelor Favours Clopidogrel

Figure 1. The effect of ticagrelor on (A) major bleeding, (B) major bleeding by ticagrelor discontinuation timing
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C. Re-bleeding
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Study or log[odds ratio] SE Weight 0Odds ratio 0Odds ratio
subgroup (%) IV, random, 95% ClI IV, random, 95% ClI
Chang 2019 -0.7752 0.6831 3.0 0.46 [0.12, 1.76] _
Della 2017 0.4918 1.4209 0.7 1.64 [0.10, 26.49]

Hansson 2016 -0.2343 0.1687 42.4 0.79[0.57,1.10] -

Held 2011 0.181 0.3015 14.8 1.20[0.66, 2.16] —
Holm 2019 -0.0441 0.2969 153 0.96 [0.53, 1.71] s
Ingrassia 2023 -0.9417 0.5681 4.3 0.39[0.13, 1.19] e —
Russo 2019 0.1415 0.516 53 1.15[0.42,3.17] s E—
Tang 2021 0.0966 1.424 0.7 1.10[0.07, 17.95]

Tomsic 2016 0.0121 0.4723 6.2 1.01 [0.40, 2.55] —_—
Varma 2020 1.2886 0.8107 2.2 3.63[0.74, 17.77] —
Vuilliomenet 2019 -1.0733 0.5909 4.0 0.34[0.11, 1.09] —_—

Wang 2022b -1.1059 1.1579 1.1 0.33[0.03, 3.20]

Total (95% Cl) 100.0%  0.85 [0.68, 1.08]

Heterogeneity: 1> = 0.01; x> = 11.30,df = 11 (p = 0.42); * = 3%
Test for overall effect: Z = 1.33 (p = 0.18)

D. Platelet transfusion

0.01

0.1

Favours Ticagrelor

10 100
Favours Clopidogrel

hi . .

Study or log[odds ratio] SE Weight 0Odds ratio 0Odds ratio

subgroup (%) IV, random, 95% CI IV, random, 95% ClI

Dery 2014 0.2161 0.2946 8.6 1.24[0.70, 2.21]

Hansson 2016 -0.1364 0.1027 26.6 0.87[0.71, 1.07] —.

Held 2011 -0.1395 0.1526 19.7 0.87 [0.64, 1.17] e

Holm 2019 -0.0123 0.1566 19.2 0.99[0.73, 1.34] R —

Ingrassia 2023 -0.6976 0.3391 6.9 0.50[0.26, 0.97]

Tomsic 2016 -0.602 0.2893 8.8 0.55[0.31,0.97]

Voetsch 2022 0.3254 0.265 10.1 1.38[0.82, 2.33] —_—t
Total (95% Cl) 100.0 0.89 [0.73, 1.08]

Heterogeneity: 1> = 0.03; x> = 10.31,df =6 (p = 0.11); ? =42%
Test for overall effect: Z = 1.18 (p = 0.24)

E. All-cause mortality

0.5

Favours Ticagrelor

0.7 1 1.5 2.0
Favours Clopidogrel

Study or log[odds ratio] SE Weight 0Odds ratio 0Odds ratio
subgroup (%) IV, random, 95% ClI IV, random, 95% ClI
Chang 2019 -1.0843 0.614 9.0 0.34[0.10, 1.13] o
Hansson 2016 0.0911 0.2865 17.1 1.10[0.62, 1.92] —a—
Held 2011 -0.6979 0.2203 19.1 0.50[0.32,0.77] —-
Holm 2019 0.6931 0.3835 143 2.00 [0.94, 4.24] 1—
Ingrassia 2023 1.2916 1.0903 3.9 3.64[0.43, 30.83]
Russo 2019 0.1478 0.5511 10.2 1.16 [0.39, 3.41] —_—t
Tomsic 2016 1.595 1.1464 3.6 4.93[0.52, 46.61]
Varma 2020 1.0986 1.6288 1.9 3.00[0.12, 73.04]
Voetsch 2022 0.1808 0.4066 13.7 1.20[0.54, 2.66] R
Vuilliomenet 2019 -0.2397 0.7492 7.0 0.79[0.18, 3.42] R E—
Total (95% CI) 100.0 1.04 [0.65, 1.65] ?

1 1

Heterogeneity: 12 = 0.25; y2 = 19.65, df = 9 (p = 0.02); 2 = 54% } } T } {
Test for overall effect: Z=0.15 (p = 0.88) 0.01 0.1 1 10 100
Favours Ticagrelor Favours Clopidogrel

Figure 1. Cont. (C) re-bleeding, (D) platelet transfusion, and (E) all-cause mortality in CABG patients. Forest plots
show the effect of ticagrelor versus clopidogrel, in combination with aspirin on outcomes in patients undergoing
coronary artery bypass graft surgery. Ticagrelor significantly reduced major bleeding when discontinued more than
3 days before surgery, while clopidogrel was more effective if ticagrelor was discontinued less than 3 days prior to
surgery. No significant differences were observed in the overall incidence of major bleeding, re-bleeding, platelet
transfusions, or all-cause mortality
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post-CABG ticagrelor (OR = 0.49 [0.33, 0.73]; p <
0.01, I = 0%; Supplementary Figure S13). Sen-
sitivity analysis by removing Held reduced the
heterogeneity and increased the effect size (OR =
1.22 [0.83, 1.79]; p = 0.32, I? = 14%; Supplemen-
tary Figure S14).

RBC transfusion

RBC transfusions right after CABG were report-
ed in nine studies. Meta-analysis of these stud-
ies showed no significant difference between the
drugs in reducing the need for RBC transfusion
(OR = 1.02 [0.89, 1.17]; p = 0.80, * = 12%; Sup-
plementary Figure S15). The funnel plot present-
ed a largely symmetrical distribution, suggesting
robust results (Supplementary Figure S16). Sen-
sitivity analysis by removing Wang reduced the
heterogeneity (OR = 1.00 [0.88, 1.13]; p = 0.98,
2= 0%; Supplementary Figure S17).

Stroke

Stroke was reported in eight studies. Meta-anal-
ysis of these studies showed no significant differ-
ence between the drugs in preventing stroke (OR =
1.26 [0.73, 2.16]; p = 0.40, I> = 0%; Supplementary
Figure S18). The funnel plot revealed a symmetrical
distribution, reflecting robust findings (Supplemen-
tary Figure S19). Subgroup analyses did not demon-
strate any effect modification by the instance of
drug administered (P-interaction: 0.73; Supplemen-
tary Figure S20) and by study design (P-interaction:
0.98; Supplementary Figure S21). Sensitivity analy-
sis by removing Holm reduced the effect size (OR =
1.12 [0.62, 2.02]; p = 0.71, I* = 0%; Supplementary
Figure S22).

Myocardial infarction

Seven studies reported myocardial infarction.
Meta-analysis of these studies showed no signif-

icant difference between the drugs in preventing
myocardial infarction (OR = 1.13 [0.77, 1.66]; p
= 0.53, > = 0%; Supplementary Figure S23). The
funnel plot revealed a symmetrical distribution,
reflecting robust findings (Supplementary Figure
S24). Subgroup analysis did not demonstrate any
effect modification by the instance of drug admin-
istered (P-interaction: 0.72; Supplementary Figure
S25) or by study design (P-interaction: 0.55; Sup-
plementary Figure S26). Sensitivity analysis did
not reveal any significant differences.

Aspirin plus prasugrel versus aspirin plus
clopidogrel

The PRISMA flowchart (Supplementary Fig-
ure S1) summarizes the search and selection pro-
cess. Due to the limited data comparing aspirin
plus prasugrel versus aspirin plus clopidogrel
in patients undergoing CABG, we could identi-
fy and include only four relevant clinical trials in
our analysis (1 RCT; 3 observational) [37, 38, 42,
43]. All the trials were at low risk of bias. A total
of 817 patients were included in this comparison
(n =355 in the aspirin + prasugrel arm vs. n = 462
in the aspirin + clopidogrel arm). The mean fol-
low-up time was 1 month. Patients had a mean
age of 64.6 years, with 78.3% being males. The
baseline characteristics of the patients included
in this comparison have been outlined in Table II.

Platelet transfusion

Three studies reported on platelet transfusion.
Meta-analysis of these studies showed that pa-
tients treated with prasugrel required significantly
more platelet transfusions as compared to those
treated with clopidogrel (OR = 1.88 [1.24, 2.87];
p < 0.01, *= 0%; Figure 2 A). The funnel plot pre-
sented a symmetrical distribution, indicating reli-
able results (Supplementary Figure S27).

Table Il. Summary of baseline characteristics in studies comparing prasugrel and clopidogrel effects in patients

undergoing coronary artery bypass graft

Study Drug No. of  Age [years] Males, % BMI, Diabetics, Follow-up Bleeding
administered  patients (Prasu/Clop) (Prasu/Clop) [kg/m?] % (Prasu/ [months] assess-
(before/after (Prasu/Clop) (Prasu/Clop)  Clop) ment

CABG)
Drews 2014 Before 143 68.6 79.6 - 18.4 1 -
(59/84) (68/69) (79/80) (19/18)
Smith 2012 Before 346 61.0 76.6 - 28.4 1 TIMI
(173/173) (61.1/60.9) (75.1/78) (29.5/27.2)

Voetsch Before 188 67.5 78.1 26.5 24.2 1 BARC

2022 (55/133)  (64.0/68.9) (76/79)  (27.0/26.0)  (27/23)

Vuilliomenet Before 140 (68/72) 65.3 81.4 27.5 - - -

2019 (62.8/67.7) (85/78) (27.4/27.6)

CABG — coronary artery bypass graft, Prasu — prasugrel, Clop — clopidogrel, BMI — body mass index, TRITON-TIMI — Trial to Assess
Improvement in Therapeutic Outcomes by Optimizing Platelet Inhibition with Prasugrel-Thrombolysis in Myocardial Infarction,
TIMI — thrombolysis in myocardial infarction, BARC — Bleeding Academic Research Consortium.
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A\. platelet transfusion

Study or log[odds ratio] SE Weight 0Odds ratio 0Odds ratio

subgroup (%) IV, random, 95% Cl IV, random, 95% Cl

Drews 2014 0.5365 0.5189 17.1 1.71[0.62, 4.73]

Smith 2012 0.6948 0.3233 44.1 2.00[1.06, 3.78] ——
Voetsch 2022 0.6033 0.3447 38.8 1.83[0.93, 3.59] T

Total (95% Cl) 100.0 1.88 [1.24, 2.87] -l
Heterogeneity: t? = 0.00; y? = 0.08, df = 2 (p = 0.96); * = 0% t t } }
Test for overall effect: Z = 2.94 (p = 0.003) 0.2 0.5 1 2 5

B. ali-cause mortality

Favours Prasugrel  Favours Clopidogrel

Study or log[odds ratio] SE Weight 0Odds ratio 0Odds ratio

subgroup (%) IV, random, 95% CI IV, random, 95% ClI

Drews 2014 1.0464 1.2129 13.6 2.85[0.26, 30.68]

Smith 2012 -1.3218 0.5524 34.8 0.27 [0.09, 0.79] —

Voetsch 2022 0.0946 0.515 36.8 1.10[0.40, 3.02] I E—

Vuilliomenet 2019 -1.0415 1.1423 14.9 0.35[0.04, 3.31]

Total (95% CI) 1000 0.65[0.24, 1.75] ’

Heterogeneity: 12 = 0.44; x> = 5.39, df = 3 (p = 0.15); > = 44% t } T } }
0.05 0.2 1 5 20

Test for overall effect: Z= 0.86 (p = 0.39)

Favours Prasugrel  Favours Clopidogrel

Figure 2. The effect of prasugrel on (A) platelet transfusion and (B) all-cause mortality in CABG patients. Forest
plots show the effect of prasugrel versus clopidogrel, in combination with aspirin on outcomes in patients un-
dergoing coronary artery bypass graft surgery. Clopidogrel significantly required fewer platelet transfusions. No

significant difference was observed for all-cause mortality

All-cause mortality

Four studies reported all-cause mortality. Me-
ta-analysis of these studies showed no significant
difference between the drugs in reducing all-cause
mortality (OR = 0.65 [0.24, 1.75]; p = 0.39, > =
44%; Figure 2 B). The funnel plot revealed a sym-
metrical distribution, suggesting robust results
(Supplementary Figure S28). Sensitivity analysis
by removing Smith reduced heterogeneity and in-
creased the effect size (OR = 1.05[0.45, 2.48]; p =
0.91, I*= 0%; Supplementary Figure $29).

Discussion

This meta-analysis offers a comprehensive
evaluation of the comparative efficacy and safety
of ticagrelor, prasugrel, and clopidogrel in the con-
text of CABG. By computing data from 20 studies
encompassing 9,585 patients, our analysis aims
to address a critical aspect of cardiovascular care:
the balance between reducing thrombotic events
and minimizing bleeding complications, a key
challenge in the management of antiplatelet ther-
apy for patients undergoing CABG.

The existing literature on antiplatelet therapy
predominantly addresses several critical areas.
These include investigations into antiplatelet re-
sistance [44], comparative studies assessing the
efficacy of ticagrelor versus aspirin in the preven-
tion of saphenous vein graft failure [45, 46], and
evaluations of dual versus single antiplatelet ther-
apy [47, 48]. Furthermore, research has focused on

perioperative management strategies, particularly
the optimal timing for discontinuation or continu-
ation of aspirin [49]. To date, only one meta-anal-
ysis has compared the efficacy of aspirin plus tica-
grelor or prasugrel versus aspirin plus clopidogrel
[48]. Therefore, our study intends to fill these gaps
by delivering a focused analysis of the efficacy of
the three most common antiplatelet regimens ad-
ministered in patients undergoing CABG.

Our study significantly advances the current
literature by addressing key limitations of the
previous meta-analysis, which combined ticagre-
lor and prasugrel despite their different mech-
anisms of action — ticagrelor being a reversible
inhibitor and prasugrel an irreversible one [48].
By distinguishing between these agents and
focusing on their specific pharmacological pro-
files, our analysis provides a more accurate and
nuanced understanding of their respective roles
in antiplatelet therapy. Furthermore, the earlier
meta-analysis, which made a similar comparison,
was limited by a small sample size (n = 2,429),
restricting its statistical power and the robust-
ness of its conclusions [48]. In contrast, with
a sample size around four times that (n = 9,585),
our study provides more reliable data, reducing
statistical noise and strengthening the validity of
our findings.

Unlike clopidogrel, which is a prodrug requiring
metabolic activation and is subject to variability
due to genetic polymorphisms in CYP2C19, tica-
grelor directly and reversibly inhibits the P2Y12
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receptor, providing consistent and potent platelet
inhibition. The adoption of ticagrelor in the periop-
erative period has been historically tempered by
concerns over its associated bleeding risk, par-
ticularly in surgical patients. Our meta-analysis
provides robust evidence that this bleeding risk
can be effectively managed by discontinuing ti-
cagrelor at least 3 days before surgery [14]. This
recommendation aligns with the pharmacokinet-
ic properties of ticagrelor, which has a half-life
of approximately 7 to 13 h, allowing for a signif-
icant attenuation of its antiplatelet effects within
3 days of discontinuation [50]. Notably, this find-
ing challenges the traditional caution associated
with ticagrelor in the surgical setting, suggesting
that with appropriate perioperative management,
ticagrelor can be both a safe and effective option
for patients undergoing CABG.

Our analysis also explored the comparison be-
tween prasugrel and clopidogrel, albeit the data
here was limited by a smaller sample size. Despite
this limitation, the findings offer valuable insights.
Prasugrel’s more potent antiplatelet effects pro-
vide significant thrombotic protection, particularly
in patients with high-risk features such as dia-
betes or previous MI [51, 52]. This is in line with
preclinical studies suggesting that prasugrel is
approximately ten times more potent than clopi-
dogrel in inhibiting platelet aggregation, prevent-
ing thrombus formation, and prolonging bleeding
times [53]. However, this increased efficacy comes
at the cost of a higher bleeding risk, as evidenced
by the greater need for platelet transfusions in
prasugrel-treated patients observed in our analy-
sis. This trade-off highlights the critical need for
individualized patient management, particularly
in balancing the risk of bleeding against the ben-
efits of potent platelet inhibition in the perioper-
ative period.

The heterogeneity observed across trials in our
meta-analysis, particularly regarding the timing
of drug administration, follow-up duration, and
patient characteristics, underscores the inherent
complexity in managing antiplatelet therapy in
CABG patients. The timing of drug discontinua-
tion before surgery varied significantly among
the studies, with some administering antiplatelet
drugs before CABG and others after the proce-
dure. This variation could influence the surgical
bleeding risk and perioperative platelet function,
leading to different outcomes. Moreover, fol-
low-up durations varied widely among the trials,
with studies administering DAPT after CABG gen-
erally having longer follow-ups, while those giving
DAPT before CABG had shorter follow-ups, which
aligns with the clinical focus of each. Short-term
follow-up periods may capture immediate post-
operative outcomes, such as bleeding and early
graft occlusion, but may miss long-term benefits

or complications, such as late graft patency, M,
and overall survival. This variability highlights the
need for more standardized approaches in future
studies to allow for better comparability of results.

One of the strengths of our analysis is the
prioritization of the BARC (Bleeding Academ-
ic Research Consortium) criteria for assessing
bleeding outcomes, whenever possible. The BARC
criteria are considered more sensitive in detecting
bleeding events compared to other methods like
TIMI or PLATO, which were used in some of the
included studies [17, 24, 31, 34]. By standardiz-
ing bleeding assessments, we minimized variabil-
ity and enhanced the reliability of our findings.
This approach provides a clearer understanding
of the comparative safety and efficacy of these
antiplatelet agents, particularly in the context of
CABG, where bleeding complications are a major
concern.

Despite these strengths, several limitations of
this meta-analysis must be acknowledged. Six-
teen of the nineteen included studies were ob-
servational, which introduces potential selection
biases and confounding. While we employed rig-
orous standard methods to assess study quality
and minimize bias, the inherent limitations of
observational studies cannot be fully eliminat-
ed. Furthermore, the mean duration of follow-up
was only 1 year, limiting the ability to fully assess
the long-term outcomes in CABG patients. Fu-
ture studies with longer follow-up durations are
needed to address this limitation. Additionally, the
relatively small sample sizes in studies comparing
prasugrel to clopidogrel limit the generalizability
of our findings concerning prasugrel’s safety and
efficacy in the CABG setting. Moreover, variabili-
ty in bleeding assessment criteria across studies
may have influenced our pooled estimates of
bleeding risk, despite our efforts to standardize
outcomes using the BARC criteria. Lastly, our in-
ability to analyze the number of days before drug
discontinuation as a continuous variable, due to
the categorical nature of the data provided by the
studies, further limited our analysis. This limita-
tion underscores the need for future studies to
report data in a more granular and continuous
manner, which would allow for more precise and
informative analyses.

In the broader landscape of current research,
our findings contribute significantly to the on-
going debate regarding the optimal antiplatelet
strategy for patients undergoing CABG. Recent
guidelines from the American College of Cardiolo-
gy/American Heart Association (ACC/AHA) recom-
mend DAPT in certain high-risk patients, but the
choice of P2Y12 inhibitor and the timing of dis-
continuation before surgery remain areas of active
investigation [54]. Our meta-analysis provides ev-
idence that supports a more nuanced approach to
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the use of ticagrelor and prasugrel perioperative-
ly, potentially informing future updates to these
guidelines.

Future research should focus on large-scale tri-
als that investigate long-term outcomes such as
graft patency and recurrent cardiovascular events.
Additionally, exploring the role of genetic testing
to personalize antiplatelet therapy, particularly in
clopidogrel-treated patients with CYP2C19 poly-
morphisms, may help optimize treatment strate-
gies [55]. Additionally, long-term studies focusing
on patient survival, graft patency, and recurrent
cardiovascular events are essential for a compre-
hensive understanding of the long-term implica-
tions of different antiplatelet strategies.

Conclusions

This meta-analysis provides strong evidence
that post-CABG ticagrelor administration with as-
pirin is associated with reduced all-cause mortal-
ity in patients compared to clopidogrel with aspi-
rin. Importantly, the bleeding risk associated with
ticagrelor with aspirin can be effectively managed
by discontinuing the antiplatelet therapy at least
three days before surgery. Additionally, ticagrelor
demonstrated marginally better outcomes in pre-
venting re-bleeding and requiring fewer platelet
transfusions, highlighting its clinical benefits in
these areas. Although the included studies are
predominantly observational, which limits caus-
al inferences, the large sample size contributes
to reduce some degree of residual confounding.
The associated bleeding risk can be effectively
managed through careful perioperative planning.
Prasugrel, while offering potent antiplatelet ef-
fects, presents a greater bleeding risk, necessitat-
ing cautious use and a tailored approach to drug
discontinuation before surgery. These findings
underscore the importance of individualized an-
tiplatelet therapy in CABG patients and provide
a foundation for refining clinical guidelines to
optimize patient outcomes in this high-risk pop-
ulation. Future research should focus on large,
multi-center trials with standardized methodol-
ogies to validate these findings and explore the
potential role of genetic testing and other bio-
markers in personalizing antiplatelet therapy for
CABG patients.

Acknowledgments

The authors express their gratitude to the Re-
search Council of Pakistan (RCOP) for their sup-
port.

Ali Salman and Saad Ahmed Wagqas are co-first
authors.

Funding

No external funding.

Ethical approval
Not applicable.

Conflict of interest

The authors declare no conflict of interest.

References

1. Serruys PW, Morice MC, Kappetein AP et al. Percutane-
ous coronary intervention versus coronary-artery by-
pass grafting for severe coronary artery disease. N Engl
J Med 2009; 360: 961-72.

2. Doenst T, Haverich A, Serruys PR et al. PCl and CABG for
treating stable coronary artery disease: JACC review top-
ic of the week. J Am Coll Cardiol 2019; 73: 964-76.

3. Fihn SD, Gardin JM, Abrams J, et al. 2012 ACCF/AHA/
ACP/AATS/PCNA/SCAI/STS Guideline for the Diagno-
sis and Management of Patients With Stable Ischemic
Heart Disease: Executive Summary: A Report of the
American College of Cardiology Foundation/American
Heart Association Task Force on Practice Guidelines,
and the American College of Physicians, American Asso-
ciation for Thoracic Surgery, Preventive Cardiovascular
Nurses Association, Society for Cardiovascular Angiog-
raphy and Interventions, and Society of Thoracic Sur-
geons. ] Am Coll Cardiol 2012; 60: 2564-603.

4. Goldman S, Zadina K, Moritz T, et al. Long-term paten-
cy of saphenous vein and left internal mammary artery
grafts after coronary artery bypass surgery: results from
a Department of Veterans Affairs Cooperative Study.
J Am Coll Cardiol 2004; 44: 2149-56.

5. Buxton BF, Hayward PA, Raman J, et al. Long-term re-
sults of the RAPCO trials. Circulation 2020; 142: 1330-8.

6. Fitzgibbon GM, Kafka HP Leach AJ, Keon WJ, Hooper
GD, Burton JR. Coronary bypass graft fate and patient
outcome: angiographic follow-up of 5,065 grafts related
to survival and reoperation in 1,388 patients during 25
years. ] Am Coll Cardiol 1996; 28: 616-26.

7. Gaudino M, Antoniades C, Benedetto U, et al. Mecha-
nisms, consequences, and prevention of coronary graft
failure. Circulation 2017; 136: 1749-64.

8. Sopek-Merkas |, Lakusi¢ N, Fuckar K, Cerovec D, Besi¢
KM. Antiplatelet therapy after coronary artery bypass
graft surgery — unevenness of daily clinical practice.
Acta Clin Croat 2021; 60: 540-3.

9. Patrono C, Garcia Rodriguez LA, Landolfi R, Baigent C.
Low-dose aspirin for the prevention of atherothrombo-
sis. N Engl ) Med 2005; 353: 2373-83.

10. Authors/Task Force members, Windecker S, Kolh P et
al. 2014 ESC/EACTS Guidelines on myocardial revas-
cularization: The Task Force on Myocardial Revascular-
ization of the European Society of Cardiology (ESC) and
the European Association for Cardio-Thoracic Surgery
(EACTS) Developed with the special contribution of the
European Association of Percutaneous Cardiovascular
Interventions (EAPCI). Eur Heart ) 2014; 35: 2541-619.

11. Levine GN, Bates ER, Bittl JA, et al. 2016 ACC/AHA Guide-
line Focused Update on Duration of Dual Antiplatelet
Therapy in Patients With Coronary Artery Disease: A Re-
port of the American College of Cardiology/American
Heart Association Task Force on Clinical Practice Guide-
lines: An Update of the 2011 ACCF/AHA/SCAI Guideline
for Percutaneous Coronary Intervention, 2011 ACCF/AHA
Guideline for Coronary Artery Bypass Graft Surgery, 2012
ACC/AHA/ACP/AATS/PCNA/SCAI/STS Guideline for the

Arch Med Sci Atheroscler Dis 2025

e25



Ali Salman, Saad Ahmed Wagas, Jazza Aamir, Rugiat Masooma Batool, Muhammad Khalid Afridi, Fatima Aman Makda, Ifrah Ansari,
Haiga Aamer, Sadaf Iftikhar, Faraz Arshad, Usama Hussain Kamal, Rizwana Noor, Mudassar Baig, Ashish Gupta, Ali Hasan, Farhan Shahid,
Raheel Ahmed

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Diagnosis and Management of Patients With Stable Isch-
emic Heart Disease, 2013 ACCF/AHA Guideline for the
Management of ST-Elevation Myocardial Infarction, 2014
AHA/ACC Guideline for the Management of Patients With
Non-ST-Elevation Acute Coronary Syndromes, and 2014
ACC/AHA Guideline on Perioperative Cardiovascular Eval-
uation and Management of Patients Undergoing Noncar-
diac Surgery. Circulation 2016; 134: e123-55.

Choong CK, Gerrard C, Goldsmith KA, Dunningham H,
Vuylsteke A. Delayed re-exploration for bleeding after
coronary artery bypass surgery results in adverse out-
comes. Eur J Cardiothorac Surg 2007; 31: 834-8.

Mega JL, Simon T, Collet JR et al. Reduced-function
CYP2C19 genotype and risk of adverse clinical outcomes
among patients treated with clopidogrel predominantly
for PCl: a meta-analysis. JAMA 2010; 304: 1821-30.

Dai L, Xu J, Jiang Y, Chen K. Impact of prasugrel and tica-
grelor on platelet reactivity in patients with acute coro-
nary syndrome: a meta-analysis. Front Cardiovasc Med
2022; 9: 905607.

Cannon CR Harrington RA, James S, et al. Comparison
of ticagrelor with clopidogrel in patients with a planned
invasive strategy for acute coronary syndromes (PLATO):
a randomised double-blind study. Lancet 2010; 375:
283-93.

James SK, Roe MT, Cannon CR et al. Ticagrelor versus
clopidogrel in patients with acute coronary syndromes
intended for non-invasive management: substudy from
prospective randomised PLATelet inhibition and patient
Outcomes (PLATO) trial. BMJ 2011; 342: d3527.

Wiviott SD, Braunwald E, McCabe CH, et al. Prasugrel
versus clopidogrel in patients with acute coronary syn-
dromes. N Engl ) Med 2007; 357: 2001-2015.
Weidinger F. Discontinuation of P2Y12 antagonists be-
fore coronary bypass surgery: is 5 days really required?
Eur Heart ) 2016; 37: 198-9.

Levine GN, Bates ER, Blankenship JC, et al. 2011 ACCF/
AHA/SCAI Guideline for Percutaneous Coronary Inter-
vention: a report of the American College of Cardiology
Foundation/American Heart Association Task Force on
Practice Guidelines and the Society for Cardiovascular
Angiography and Interventions. Circulation 2011; 124:
e574-651.

Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA
Group. Preferred reporting items for systematic reviews
and meta-analyses: the PRISMA statement. PLoS Med
2009; 6: €1000097.

Higgins J, Thomas J, Chandler J, et al. Cochrane Hand-
book for Systematic Reviews of Interventions. Wiley
2019.

Higgins JPT, Altman DG, Ggtzsche PC, et al. The Co-
chrane Collaboration’s tool for assessing risk of bias in
randomised trials. BMJ 2011; 343: d5928.

Ottawa Hospital Research Institute. Accessed August
20, 2024. https://www.ohri.ca/programs/clinical_epide-
miology/oxford.asp.

Chang HW, Kim HJ, Yoo JS, Kim DJ, Cho KR. Clopidogrel
versus ticagrelor for secondary prevention after coro-
nary artery bypass grafting. J Clin Med 2019; 8: 104.
Della Corte A, Bancone C, Spadafora A, et al. Postopera-
tive bleeding in coronary artery bypass patients on dou-
ble antiplatelet therapy: predictive value of preoperative
aggregometry. Eur J Cardiothorac Surg 2017; 52: 901-8.
Dery J, Dagenais F;, Mohammadi S, et al. RISK of bleeding
complications in patients treated with ticagrelor under-
going urgent coronary artery bypass grafting surgery:
a single center experience. Can J Cardiol 2014; 30: S328.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Hansson EC, Jidéus L, Aberg B, et al. Coronary artery by-
pass grafting-related bleeding complications in patients
treated with ticagrelor or clopidogrel: a nationwide
study. Eur Heart ] 2016; 37: 189-97.

Holm M, Biancari F, Khodabandeh S, et al. Bleeding in
patients treated with ticagrelor or clopidogrel before
coronary artery bypass grafting. Ann Thorac Surg 2019;
107: 1690-8.

Ingrassia JJ, Mosleh W, Conner CM, et al. Impact of Ti-
cagrelor versus clopidogrel on bleeding outcomes of
isolated coronary artery bypass grafting. Cardiovasc Re-
vascularization Med Mol Interv 2023; 46: 44-51.

Held C, Asenblad N, Bassand JR et al. Ticagrelor versus
clopidogrel in patients with acute coronary syndromes
undergoing coronary artery bypass surgery: results
from the PLATO (Platelet Inhibition and Patient Out-
comes) trial. J Am Coll Cardiol 2011; 57: 672-84.
Wallentin L, Becker RC, Budaj A, et al. Ticagrelor versus
clopidogrel in patients with acute coronary syndromes.
N Engl) Med 2009; 361: 1045-57.

Russo JJ, James TE, Ruel M, et al. Ischemic and bleeding
outcomes after coronary artery bypass grafting among
patients initially treated with a P2Y12 receptor antago-
nist for acute coronary syndromes: insights on timing of
discontinuation of ticagrelor and clopidogrel prior to sur-
gery. Eur Heart ) Acute Cardiovasc Care 2019; 8: 543-53.
Schaefer A, Sill B, Schoenebeck J, et al. Preoperative Ti-
cagrelor administration leads to a higher risk of bleed-
ing during and after coronary bypass surgery in a case-
matched analysis. Interact Cardiovasc Thorac Surg
2016; 22: 136-40.

Tang Y, Fan X, Zhang B, et al. Aspirin plus ticagrelor or
clopidogrel on graft patency one year after coronary
bypass grafting: a single-center, randomized, controlled
trial. ) Thorac Dis 2021; 13: 1697-705.

Tomsi¢ A, Schotborgh MA, Manshanden JSJ, Li WWL,
de Mol BAJM. Coronary artery bypass grafting-related
bleeding complications in patients treated with dual
antiplatelet treatment. Eur J Cardiothorac Surg 2016;
50: 849-56.

Varma PK, Ahmed H, Krishna N, et al. Bleeding compli-
cations after dual antiplatelet therapy with ticagrelor
versus dual antiplatelet therapy with clopidogrel-a pro-
pensity-matched comparative study of two antiplatelet
regimes in off-pump coronary artery bypass grafting.
Indian J Thorac Cardiovasc Surg 2021; 37: 27-37.
Voetsch A, Pregartner G, Berghold A, et al. How do type
of preoperative P2Y12 receptor inhibitor and withdraw-
al time affect bleeding? Ann Thorac Surg 2021; 111:
77-84.

Vuilliomenet T, Gebhard C, Bizzozero C, et al. Discon-
tinuation of dual antiplatelet therapy and bleeding in
intensive care in patients undergoing urgent coronary
artery bypass grafting: a retrospective analysis. Interact
Cardiovasc Thorac Surg 2019; 28: 665-73.

Yan H, Tiemuerniyazi X, Song Y, Xu F, Feng W. Compari-
son of dual antiplatelet therapies after coronary endar-
terectomy combined with coronary artery bypass graft-
ing: a cohort study. J Cardiothorac Surg 2020; 15: 155.
Wang Z, Li X, Ye Y, et al. Preoperative treatment with
clopidogrel and ticagrelor on bleeding complications in
off-pump coronary artery bypass grafting. Thromb Res
2022; 219: 70-6.

Wang Z, Zou Y, Xia L, et al. Does thromboelastography
predict bleeding in patients treated with clopidogrel or
ticagrelor in off-pump coronary artery bypass grafting?
Thromb Res 2022; 213: 145-53.

e26

Arch Med Sci Atheroscler Dis 2025



42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55

Optimal dual antiplatelet therapy for coronary artery bypass grafting: a systematic review and meta-analysis

Smith PK, Goodnough LT, Levy JH, et al. Mortality benefit
with prasugrel in the TRITON-TIMI 38 coronary artery
bypass grafting cohort: risk-adjusted retrospective data
analysis. ] Am Coll Cardiol 2012; 60: 388-96.

Drews S, Bolliger D, Kaiser C, et al. Prasugrel increases
the need for platelet transfusions and surgical reexplo-
ration rates compared with clopidogrel in coronary ar-
tery bypass surgery. Thorac Cardiovasc Surg 2015; 63:
28-35.

Comanici M, Bhudia SK, Marczin N, Raja SG. Antiplatelet
resistance in patients who underwent coronary artery
bypass grafting: a systematic review and meta-analysis.
Am ] Cardiol 2023; 206: 191-9.

Sandner S, Redfors B, Angiolillo DJ, et al. Association of
dual antiplatelet therapy with ticagrelor with vein graft
failure after coronary artery bypass graft surgery: a sys-
tematic review and meta-analysis. JAMA 2022; 328:
554-62.

Hasan SU, Pervez A, Afreen M, et al. Comparative effec-
tiveness of antiplatelet therapies for saphenous venous
graft occlusion and cardiovascular outcomes: a net-
work meta-analysis. Minerva Cardiol Angiol 2024 doi:
10.23736/52724-5683.24.06505-0.

Hasan SU, Pervez A, Shah AA, et al. Safety outcomes of
anti-platelet therapy post coronary artery bypass graft
surgery: a systematic review and network meta-anal-
ysis of randomized control trials. Perfusion 2024; 39:
684-97.

Agarwal N, Mahmoud AN, Patel NK, et al. Meta-analy-
sis of aspirin versus dual antiplatelet therapy following
coronary artery bypass grafting. AmJ Cardiol 2018; 121:
32-40.

Shah S, Urtecho M, Firwana M, et al. Perioperative man-
agement of antiplatelet therapy: a systematic review
and meta-analysis. Mayo Clin Proc Innov Qual Out-
comes 2022; 6: 564-73.

Teng R. Ticagrelor: pharmacokinetic, pharmacodynamic
and pharmacogenetic profile: an update. Clin Pharma-
cokinet 2015; 54: 1125-38.

Montalescot G, Wiviott SD, Braunwald E, et al. Prasu-
grel compared with clopidogrel in patients undergoing
percutaneous coronary intervention for ST-elevation
myocardial infarction (TRITON-TIMI 38): double-blind,
randomised controlled trial. Lancet 2009; 373: 723-31.
Wiviott SD, Antman EM, Braunwald E. Prasugrel. Circula-
tion 2010; 122: 394-403.

Jakubowski JA, Winters KJ, Naganuma H, Wallentin L.
Prasugrel: a novel thienopyridine antiplatelet agent.
A review of preclinical and clinical studies and the
mechanistic basis for its distinct antiplatelet profile.
Cardiovasc Drug Rev 2007; 25: 357-74.

Lawton JS, Tamis-Holland JE, Bangalore S, et al. 2021
ACC/AHA/SCAI Guideline for Coronary Artery Revascu-
larization: Executive Summary: A Report of the Ameri-
can College of Cardiology/American Heart Association
Joint Committee on Clinical Practice Guidelines. Circula-
tion 2022; 145: e4-17.

. Shuldiner AR, O’Connell JR, Bliden KP, et al. Association

of cytochrome P450 2C19 genotype with the antiplate-
let effect and clinical efficacy of clopidogrel therapy.
JAMA 2009; 302: 849-57.

Arch Med Sci Atheroscler Dis 2025

e27



	_Hlk179077995

