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Background: Aspirin therapy improves saphenous vein graft (SVG) patency in patients undergoing 
coronary artery bypass graft (CABG), however, its use in the pre-operative period remains controversial. 
Therefore, we conducted a systematic review and meta-analysis of randomized-controlled trials (RCTs) to 
update the evidence about risk and benefits of pre-operative aspirin therapy in patients undergoing CABG.
Methods: Electronic databases (Medline, Embase, PubMed, Cochrane Library, and Scopus) were searched 
to identify RCTs evaluating the effect of aspirin versus placebo/control before CABG. Two investigators 
independently and in duplicate screened citations and extracted data and rated the risk of bias. The strength 
of evidence was appraised using the Grading of Recommendation Assessment, Development, and Evaluation 
(GRADE) approach. Meta-analysis was performed using a random-effects model. The main outcomes of 
interest were 30-day mortality, peri-operative myocardial infarction (MI), chest tube drainage and SVG 
occlusion.
Results: A total of 13 RCTs involving 4,377 participants (2,266/2,111 pre-operative aspirin/control) met 
the inclusion criteria. Pre-operative aspirin reduced the risk of SVG occlusion [risk ratio (RR): 0.69, 95% 
confidence interval (CI): 0.49–0.97, P=0.03, I2=16%], but no differences in mortality (RR: 1.41, 95% Cl: 
0.73–2.74, I2=0%) and MI (RR: 0.84, 95% CI: 0.69–1.03, I2=0%) were found. However, pre-operative aspirin 
increased chest tube drainage (MD: 100.40 mL, 95% CI: 24.32–176.47 mL, P=0.01, I2=84%) and surgical re-
exploration (RR: 1.52, 95% CI: 1.02–2.27, P=0.04, I2=8%), with no significant difference in RBC transfusion 
(RR: 1.06, 95% CI: 0.90–1.25, I2=35%).
Conclusions: Based on trials where the rated body of evidence was of low to very-low quality, pre-
operative aspirin improves SVG patency but increases chest tube drainage and need for surgical re-
exploration.
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Introduction

The use of acetylsalicylic acid (aspirin) is associated with a 
reduction in major adverse cardiovascular events (MACE) 
and improvement in saphenous vein graft (SVG) patency 
after coronary artery bypass graft (CABG) surgery (1-5). 
Despite these benefits, there are still concerns regarding 
the risk of bleeding when administered in the pre-operative 
period (1,3,5). The 2012 Society of Thoracic Surgeons 
guidelines suggest that it may be reasonable to discontinue 
aspirin for a few (2 to 3) days before CABG to reduce 
perioperative bleeding and blood transfusions (6). However, 
there are concerns that discontinuing aspirin in patients 
who are on chronic therapy prior to surgery may trigger a 
“rebound phenomenon” in platelet activity that potentially 
leads to an increased risk of MACE during surgery (7). 
In this regard, the 2015 American Heart Association 
Scientific (AHA) Statement recommends that aspirin 
should be administered pre-operatively and within 6 hours 
after CABG and be continued indefinitely to reduce SVG 
occlusion (8).

Randomized controlled trials (RCTs) and previous meta-
analyses had been conducted to evaluate the management of 
aspirin use before CABG (9-15). However, most individual 
studies were underpowered or yielded conflicting results, 
which raises concern about the robustness of conclusions. 
Importantly, the Aspirin and Tranexamic Acid for Coronary 
Artery Surgery (ATACAS) trial (16) has recently been 
published providing substantial weight to the current 
evidence base considering its large sample size. Therefore, 
an updated systematic review and meta-analysis of RCTs 
is required to assess clinical outcomes, balance the risks 
and benefits and thus, enhance decision-making process in 
this subset of patients. A secondary objective of this review 
is to explore differences between patients on aspirin with 
a temporary interruption of the treatment and patients 
without the interruption in the cohort of patients receiving 
pre-operative aspirin using an indirect comparison analysis.

Methods

Data sources and searches

A comprehensive literature search on Medline, Embase, 

PubMed, Cochrane Library and Scopus databases was 
conducted from conception to November 2016 and a 
weekly alert for electronic databases was set up until May 
9, 2018. The search strategy combined Medical Subject 
Headings (MeSH) and keywords “aspirin or coronary 
artery bypass”. The search was not restricted by year of 
publication or language, and duplicates were removed. 
When duplicate reports of the same study were identified, 
only the report with the most complete data and detailed 
methodology description was included. We also checked 
reference lists of included RCTs and previous reviews for 
cross-checking. Table S1 of Supplement provides a list of 
excluded studies with reasons for exclusion.

Study selection

The titles and abstracts yielded by the search were screened 
independently and in duplicate by two independent 
investigators (K Solo and T Choudhury) against the 
inclusion criteria. Any discrepancies between reviewers 
were resolved by discussion after consulting a third 
investigator (R Bagur). This systematic review and meta-
analysis is reported according to the Preferred Reporting 
Items for Systematic Reviews and Meta Analyses (PRISMA) 
guidelines (17) (Figure S1).

Eligibility criteria

We included RCTs in which patients undergoing CABG 
were randomly assigned to pre-operative aspirin or placebo/
control before surgery. Patients receiving any dose of 
aspirin up to the day (within 24 hours) of CABG surgery, 
regardless of the pre-operative date of initiation and 
previous duration of aspirin therapy, were considered as the 
intervention group. Patients receiving placebo or no aspirin 
before (within 24 hours) CABG surgery, regardless of pre-
operative date of initiation and previous duration of aspirin 
administration, were considered as the control group. 
Eligible RCTs were required to meet the following criteria: 
(I) patients undergoing CABG were randomly allocated 
either to the intervention or the control group; (II) RCTs 
must not combine aspirin with any other antithrombotic 
agents in the intervention arm; (III) their primary outcomes 
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must be at least one of the following: mortality, myocardial 
infarction (MI), chest tube drainage or bleeding, or SVG 
occlusion; and (IV) extractable data for at least one of these 
outcomes must be available. When eligible RCTs have more 
than 2 intervention arms, of which 2 or 3 were eligible, we 
included all eligible arms.

Data extraction

The full reports of eligible studies were retrieved, and data 
were extracted independently and in duplicate (K Solo 
and T Choudhury). Publication details (location, year 
of publication, author), study and patient characteristics 
(sample size, length of follow-up, rate of loss to follow-
up, aspirin status prior study, demographic and clinical 
data), procedural characteristics, intervention details (dose, 
frequency, duration, time of drug administration), and 
outcomes data were extracted, with differences resolved by 
discussion with third reviewer (R Bagur).

Quality assessment

Risk of bias was assessed using the Cochrane Risk of Bias 
tool (18), and the Grading of Recommendation Assessment, 
Development, and Evaluation (GRADE) system (19) was 
used to appraise the overall quality of evidence. A summary 
of quality of evidence was constructed in an evidence profile 
using GRADEpro software (https://gradepro.org/).

Data synthesis and analyses

Primary outcomes of interest included mortality, peri-
operative MI, chest tube drainage and SVG occlusion 
(per-graft analysis, accounting for clustering effects). 
Secondary outcomes included need for red blood cell (RBC) 
transfusions, number of RBC units transfused (one unit of 
packed-RBC was assumed to be 400 mL), need for surgical 
re-exploration and stroke.

We reported descriptive statistics as percentages 
for categorical variables and mean [standard deviation 
(SD)] or median [interquartile range (IQR) or range] for 
continuous variables. When outcome data were available 
only as median (IQR or range), mean (SD) were calculated 
(20,21). Intention-to-treat analysis was followed whenever 
possible. When a small proportion of studies did not 
report the uncertainty of point estimates (i.e., SD, IQR, 
or range), we imputed the missing SDs using single 
imputation. However, if a large proportion of the data was 

missing, we set the SD equal to zero (21). Using worst-
best sensitivity analysis, we accounted for the missing data 
of patients who were excluded post randomization and 
were not analyzed using the original randomized treatment 
sizes. In best case analysis (scenario 1), we assumed that 
all excluded patients had the outcome event in the control 
group, and none in the intervention group, whereas, in 
worst-case analysis (scenario 2), all excluded patients had 
the outcome event in the intervention group, and none 
in the control group. For SVG occlusion endpoint, since 
grafts within an individual are correlated, we calculated 
effective sample size (ESS) (which is the new sample size 
after accounting for clustering effects) instead of the 
originally reported sample size to account for clustering 
effects (22). An intra-cluster correlation of 0.177, which 
was obtained from an external source (23), was used to 
calculate ESS. Review Manager, version 5.3 (Nordic 
Cochrane Center, The Cochrane Collaboration) was 
used to perform pairwise meta-analysis to obtain a pooled 
estimate of the mean difference (MD) or the risk ratio 
(RR) and its corresponding 95% confidence interval (CI) 
with a random-effects model to account for heterogeneity. 
A continuity correction was used when there were zero 
events in one of the study arms. When RCTs reported 
zero events in all study arms for a given endpoint, the 
correction was not used, but the study was still displayed in 
the graph for transparency purposes. Post-hoc sensitivity 
analyses were performed to explore potential differences 
between random-effects and fixed-effects models and to 
ascertain the potential influence of studies with high risk 
of bias on treatment effect. 

In addition, we performed an indirect treatment 
comparison via placebo as a common comparator to explore 
the impact of prior aspirin use among patients who were 
randomized to aspirin. Continuously exposed aspirin group 
was defined as patients receiving aspirin throughout the 
preoperative period (before and after randomization), 
whereas interrupted group was defined as patients receiving 
aspirin who were already on aspirin but had to stop aspirin 
temporarily due to study protocol until randomization 
(Figure 1). We performed a meta-analysis involving RCTs 
of continuously exposed aspirin versus placebo to estimate 
the treatment effect: RRCP. Another meta-analysis was 
performed comparing interrupted aspirin versus placebo to 
obtain RRIP. An indirect estimate was then computed using 
the following formula and back transformed to obtain the 
estimated treatment effect of interrupted aspirin versus 
continuously exposed aspirin: RRIC (24).
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Figure 1 Flow chart of the study timeline for trials that clearly defined the pre-operative aspirin period in the intervention group (A) and 
control group (B). CABG occurred at 0 hour (reference frame) and events were measured in the CABG reference frame. In (A), trials that 
had an aspirin-free period before CABG (and restarted on the day of surgery, defined as within 24 hours of surgery) are considered as the 
interrupted group. Otherwise, they are considered as the continuously aspirin exposed group. Arrow a indicates when aspirin was stopped 
before randomization. Arrow b indicates when study drugs (aspirin or placebo) were administered. CABG, coronary artery bypass graft; 
ASA, aspirin; d, day; h, hour.
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logRRIC=logRRIP–logRRCP

var(logRRIC )=var(logRRIP )+var(logRRCP)

where var is the variance of treatment effect.
Post-hoc subgroup analysis was performed to determine 

whether the dose of aspirin influenced the relative treatment 
effect. For trials with multiple study arms of different doses, 
we combined doses of aspirin into a single arm leading to a 

low-dose (≤100 mg) and high-dose (>100 mg) groups. The 
Cochrane Q-statistic (I2) was used to assess the consistency 
among studies, with I2 <25% considered low, I2 25–50% 
moderate, and I2 >75% high statistical heterogeneity (25). 
Clinical heterogeneity was also evaluated and described 
narratively. Both Egger’s test and funnel plot (when >10 
studies) were used to examine potential publication bias. Two-
sided P values of <0.05 were considered statistically significant.
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Results

Study selection, trial and patient characteristics

Thirteen RCTs (1,16,26-36) including 4,377 participants 
met the inclusion criteria (Figure S1). One trial (28) was 
followed by another publication with longer follow-up 
information (2). Clinical characteristics and end-points were 
defined according to study author definitions (Tables 1,2).  
Overall, 2,266 participants were randomly assigned to 
pre-operative aspirin (within 24 h of surgery) and 2,111 
to control (no aspirin within 24 h of surgery). Age ranged 
from 53 to 67 years and 85% were male (3,682/4,350) from 
studies that reported age (1,16,26-36) and sex (1,16,27-36). 
A total of 996 (29%) patients had diabetes mellitus, 2,937 
(71%) hypertension, and 1,194 (32%) previous MI. The vast 
majority (99%) of participants underwent elective CABG 
surgery and one trial (27) did not report whether CABG 
was performed in an elective or urgent setting. On-pump 
CABG was performed in 95% (3,775/3,984) of patients. 
Participants received between 2 to 4 grafts per-patient. 
Three trials (16,33,35) were rated as low-risk of bias, six 
(1,26,28,30,31,34) as moderate, and four (27,29,32,36) as 
high (Figure S2).

Mortality

There was no significant difference in effect estimates for 
30-day mortality (RR: 1.41, 95% Cl: 0.73–2.74; I2=0%; 
Figure 2A). Although best case analysis did not alter the 
findings, worst-case analysis showed a significant increase 
in the incidence of mortality at 30 days with aspirin 
(Figure S3A,B). This worst-case scenario is consistent with 
potential bias due to missing data since the observed point 
estimate became significant. Sensitivity analysis comparing 
random-versus fixed-effects suggests no difference in effect 
estimates between the two models (Table 3). Overall rating 
of confidence in estimates was very low, due to imprecision, 
indirectness, risk of bias, missing data, and potential 
publication bias (Table 4).

Myocardial infarction

No significant difference in effect estimates was found for 
peri-operative MI (RR: 0.84, 95% CI: 0.69–1.03, P=0.09; 
I2=0%; Figure 2B). Although worst case analysis did not 
alter the findings, best-case analysis suggested a significant 
reduction in rates of MI (Figure S4A,B). Again, this best-
case scenario is consistent with potential bias due to missing 

data as the conclusion became significant. Sensitivity 
analysis comparing random- versus fixed-effects suggests 
no difference in effect estimates between the two models 
(Table 3). Post-hoc sensitivity analysis confined to trials with 
low-risk of bias (16,34,36) showed a similar non-significant 
effect estimates (RR: 0.86, 95% CI: 0.70–1.04; I2=0%). 
Overall, our confidence in the estimate was very low, owing 
to indirectness, potential publication bias, and risk of bias 
due to inadequate randomization, blinding process, missing 
data, and potential selective reporting of the outcome  
(Table 4).

Chest tube drainage

Aspirin was associated with an increased chest tube drainage 
with a MD of 100.40 mL (95% CI: 24.32–176.47 mL, 
P=0.01, I2=84%; with imputation for missing standard 
deviations, Figure 2C). Sensitivity analysis without 
imputation (MD: 73 mL, 95% CI: −5.04 to 152 mL, P=0.07; 
I2=80%) significantly altered the effect size. A post-hoc 
sensitivity analysis suggests no difference between random-
versus fixed-effects (Table 3). In summary, our confidence 
in estimates was very low, due to imprecision, indirectness, 
and risk of bias due to inadequate randomization, blinding 
methods, and missing data (Table 4). In addition, the 
asymmetric funnel plot indicated potential evidence for 
publication bias (P<0.001; Figure S5).

SVG occlusion

Aspirin was associated with significant treatment effect 
benefits against SVG occlusion (RR: 0.69, 95% CI: 
0.49–0.97, P=0.03, I2=16%) (Figure 2D). Worst- and best-
case sensitivity analyses were not performed due to lack 
of information. Sensitivity analysis comparing random-
versus fixed-effects suggests no differences in effect 
estimates between the two models (Table 3). Overall rating 
of confidence in estimates was low, owing to indirectness, 
potential publication bias, and risk of bias due to lack 
of information about allocation concealment, blinding, 
different follow-up periods, and high rate of incomplete 
data (Table 4).

Secondary outcomes

There was an increased risk of surgical re-exploration 
among patients assigned to pre-operative aspirin (RR: 
1.52, 95% CI: 1.02–2.27; P=0.04, I2=8%). No significant 
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Table 1 Characteristics of the included trials

First author (year), 
enrollment period, 
study type, and  
location

ASA status pre-random; 
clinical setting; length 
of F/U; loss of F/U rate

Antifibrinolytic; 
post  
anti-thrombotic 
use

Comparator, n

Baseline patient characteristics

Age 
(years)

Male, n 
(%)

DM, n 
(%)

HTN, n 
(%)

No. of 
grafts per 

pts

Fuller [1985], NR, 
single center, USA

NR; elective on-pump 
CABG; peri-operative; 
none (0%) were  
excluded

NR; NR No ASA at least  
within 12-h pre-op 
(n=9)

59 – – – 3.4

ASA 325 mg 12-h 
pre-op (n=11)

53 – – – 3.1

ASA 650 mg every 
6-h beginning 48 h 
pre-op & ending 6-h 
pre-op (n=10)

60 – – – 3.2

Ferraris [1988], 
1986–1987, single 
center, USA

Stopped ASA ≥10 d  
pre-CABG; urgent 
& elective on-pump 
CABG; NR; unclear

Aminocaproic acid 
(n=4 in ASA group); 
NR

No ASA on the day 
of CABG (n=18)

61±9 16 [89] – – 3.2±0.6

ASA 325 mg as a 
single dose on the 
day of CABG (n=16)

64±8 14 [88] – – 3.6±0.8

Goldman [1988], 
1983–1986, 
multi-center, USA

Stopped ASA ≥7 d  
pre-study entry; elective 
on-pump CABG;  
30 days; none (0%) 
were excluded

NR; started 6-h 
post-CABG

Placebo 48-h pre-op 
(n=153)

58±7 153 [100] – 75 [49] 3.2

ASA 325 mg OD 12-h 
pre-op (n=154)

58±8 154 [100] – 73 [47]

ASA 325 mg TID 
12-h pre-op (n=155)

59±7 155 [100] – 65 [42]

Goldman [1991], 
1986–1988, 
multi-center, USA

Stopped ASA ≥5 d  
pre-CABG; first,  
elective on-pump 
CABG; 8 [4–58] days; 
28% (n=138) were 
excluded

NR; ASA 325 mg 
6-h after CABG in 
all pts

Placebo as a single 
dose 12-h pre-CABG 
(n=175)

60±7 175 [100] – 88 [50] –

ASA 325 as a single 
dose 12-h pre-CABG 
(n=176)

60±8 176 [100] – 99 [56] –

Hockings [1993], 
1986–1989, single 
center, Australia

NR; elective CABG;  
6 months; 27% (n=38) 
were excluded

NR; ASA daily in 
ASA group

Placebo 7 d pre-op 
(n=52)

60±9 48 [92] 3 [5.8] 16 [31] 2.8±1.6‡

ASA 100 mg daily  
7 d pre-op (n=50)

60±9 47 [94] 3 [6.0] 25 [50] 2.6±1.6‡

Kallis [1994], NR, 
single center, UK

Stopped ASA ≥14 d 
pre-CABG; first, elective 
on-pump CABG;  
hospital discharge; 
none (0%) were  
excluded

NR; NR Placebo OD 14 d 
pre-op until the day 
of CABG (n=50)

62 40 [80] 0 [0] – 3.4

Aspirin 300 mg OD 
2 w pre-op until the 
day of CABG (n=50)

62 41 [82] 0 [0] – 3.5

Matsuzaki [1997], 
1994–1995, single 
center, Japan

Used ASA ≥14 d  
pre-CABG; elective  
on-pump CABG; 24 h 
post-CABG; 0% in total

Tranexamic acid 
(all pts); NR

No ASA 2 d pre-op 
(n=11)

64±5 8 [72] – – 2.1±0.9

ASA 81–330 mg until 
the day of CABG 
(n=11)

62±11 7 [64] – – 2.4±1.1

Table 1 (continued)
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Table 1 (continued)

First author (year), 
enrollment period, 
study type, and  
location

ASA status pre-random; 
clinical setting; length 
of F/U; loss of F/U rate

Antifibrinolytic; 
post  
anti-thrombotic 
use

Comparator, n

Baseline patient characteristics

Age 
(years)

Male, n 
(%)

DM, n 
(%)

HTN, n 
(%)

No. of 
grafts per 

pts

Klein [1998], NR; NR; 
Denmark

Pre-treated ASA; first 
elective CABG; hospital 
discharge; 6% were 
excluded

Aprotinin; NR Aprotinin and place-
bo 10 days pre-op 
until surgery (n=38, 
n’=36)

62±7 34 [89] – – 2.13‡

ASA 100 mg/d OD 
and aprotinin 10 d 
pre-op until surgery 
(n=40, n’=37)

64±6 33 [83] – – 2.30‡

Morawski [2005], 
NR, single center, 
Poland

Stopped ASA ≥10 d  
pre-CABG; urgent 
(n=18) & elective (n=84) 
on-pump CABG;  
7 days; none (0%) were 
excluded

No; NR Placebo (n=51) 61±8 42 [82] 10 [20] 29 [57] 2.9±0.8

ASA 150 mg 12 
hours and 3 hours 
before CABG (n=51)

61± 8 45 [88] 9 [18] 34 [67] 3.0±0.8

Ghaffarinejad [2007], 
2005–2006, single 
center, Iran

NR; first, elective 
CABG; hospital  
discharge; 0% in total

Aprotinin; started 
ASA within 6 h 
post-op (all pts)

No ASA 7 d pre-op 
(n=100)

57±10 70 [70] 23 [23] 36 [36] –

ASA 80-160 mg pre-
op (n=100)

57±9 67 [67] 34 [34] 40 [40] –

Deja [2012],  
2003–2006, single 
center, Poland

Stopped ASA ≥7 d  
pre-CABG; elective  
on-pump (81%) &  
off-pump CABG;  
53.3 (42.1–63.3) 
months; 17 (2%) were 
excluded

40 vs. 35% with 
tranexamic acid 
& 18 vs. 23% 
with aprotinin in 
placebo vs. ASA, 
respectively; ASA 
300 mg daily 6-h 
post-op in all pts

Placebo on the 
night before surgery 
(n=400, n’=396)

59 
[54–66]

a

297 [75] 94 [24] 320 [81] 3 [2–3]

ASA 300 mg as a 
single dose on the 
night before CABG 
(n=400, n’=387)

59 
[53–66]

a

315 [81] 105 
[27]

331 [86] 3 [2–3]

Berg [2013], 11 
months, NR, Norway

NR; elective CABG; 
first post-operative day; 
none (0%) were  
excluded

NR; NR No ASA 7 d before 
CABG (n=8, n’=7)

58 [20]b 6 [86] 0 [0] 7 [100] –

ASA 160 mg daily 
until the day before 
surgery (n=12, n’=11)

65 [23]b 9 [82] 0 [0] 7 [64] –

Myles [2016], 2006–
2013, multi-center, 
Australia

Stopped ASA ≥4 d  
pre-CABG; on-pump 
(97%) & off-pump 
elective CABG; 30 d; 27 
pts were excluded after 
randomization

50 vs. 49.8% with 
tranexamic acid & 
0.7 vs. 1.0% with 
aprotinin in control 
vs. ASA groups, 
respectively; ASA 
within 24-h in  
control (76%) 
vs. ASA (78.4%) 
groups

Placebo 1-2 h before 
CABG (n=1,068, 
n’=1,053)

66±10 858 [82] 368 
[35]

845 [80] 3 [2–4]

ASA 100 mg 1–2 
h before CABG 
(n=1,059, n’=1,047)

67±10 872 [83] 347 
[33]

847 [81] 3 [2–4]

Mean ± standard deviation. a, median (Q1–Q3); b, median (range); ‡, vein grafts. ASA, aspirin; CPB, cardiopulmonary bypass; d, days; DM, 
diabetes mellitus; HTN, hypertension; F/U, follow-up; h, hours; n’, sample size analyzed; NR, not reported; OD, once daily; TID, three 
times a day; pre-op, pre-operative; pts, patients; USA, United States of America; w, weeks.
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Table 3 Sensitivity analysis for clinical outcomes comparing fixed-effects and random-effects models

Outcomes
Fixed-effect model Random-effects model

RR (95% CI) OR (95%CI) RR (95% CI)* OR (95% CI)

Mortality 1.41 (0.73–2.73) 1.42 (0.73–2.77) 1.41 (0.73–2.74) 1.42 (0.72–2.77)

Myocardial infarction 0.83 (0.68–1.01) 0.81 (0.64–1.01) 0.84 (0.69–1.03) 0.82 (0.65–1.02)

Chest tube drainage (mL) MD: 68 [43–95] MD: 100 [24–176]

Vein graft occlusion (per graft) 0.68 (0.51–0.92) 0.65 (0.46–0.91) 0.69 (0.49–0.97) 0.65 (0.43–1.01)

Surgical re-exploration 1.63 (1.15–2.32) 1.63 (1.15–2.32) 1.52 (1.02–2.27) 1.58 (1.03–2.42)

RBC transfusions (units) MD: 0.37 (0.14–0.59) MD: 0.41 (−0.13 to 0.94)

RBC transfusions (proportion) 1.06 (0.95–1.18) 1.08 (0.92–1.27) 1.06 (0.90–1.25) 1.09 (0.84–1.41)

Stroke 1.08 (0.53–2.17) 1.08 (0.53–2.19) 1.08 (0.53–2.18) 1.08 (0.53–2.20)

*, primary analysis. RBC, red-blood cells; RR, risk ratio; OR, odds ratio; CI, confidence interval; MD, mean difference.

Table 4 GRADE assessment for overall quality of evidence

No. of subjects (studies)
Risk of 

bias
Inconsistency Indirectness Imprecision

Publication 
bias

Overall quality 
of evidence

Risk ratio 
(95%CI)

Absolute effect of 
aspirin per 1,000 

patients treated per 
year (95% CI)

Mortality: 3,391 (9 RCTs) Seriousa Not seriousb Seriousc Seriousd Strongly 
suspectedk

⨁◯◯◯  
(very low)

1.41 
(0.73–2.74)

4 more events  
(2 fewer to 15 more)

Myocardial infarction: 
3,768 (9 RCTs)

Seriouse Not seriousb Seriousc Seriousd Strongly 
suspectedk

⨁◯◯◯  
(very low)

0.84 
(0.69–1.03)

16 fewer events  
(3 more to 32 fewer)

Postoperative chest tube 
drainage: 4,377 (13 RCTs)

Seriousf Seriousg Seriousc Seriousd Strongly 
suspectedh

⨁◯◯◯  
(very low)

– –

Saphenous vein graft  
occlusion: 760 (3 RCTs)

Seriousi Not seriousb Seriousc Not seriousj Strongly 
suspectedk

⨁⨁◯◯  
(low)

0.69 
(0.49–0.97)

NA*

*NA, not applicable because the unit of analysis was the vein graft and not the patient; a, of ten studies, one study deliberately took  
patients from an assigned group to a separate group after randomization occurred; two studies did not provide an adequate description 
of randomization in sufficient detail; eight studies did not adequately report allocation concealment; and six studies neither blinded the 
personnel nor adequately described the method of blinding. Two studies had missing data; b, I2 value <75%; c, most studies used higher 
doses of aspirin than are currently used in clinical practice (80–100 mg/day) and several studies stopped aspirin longer (>14 days) than 
the current practice, which may not directly relevant to the current clinical practice. In addition, saphenous vein graft occlusion may be a  
surrogate for myocardial infarction or death. Studies reporting the occlusion are relatively old with different follow-up times; d, the  
confidence intervals are wide and/or cross the line of no effect; e, of nine studies, three studies did not provide an adequate description 
of randomization in sufficient detail or did not perform appropriate randomization; seven studies did not adequately report allocation  
concealment; and three studies did not blind the personnel nor adequately described the method of blinding. Three studies had missing  
data; f, of 13 studies, five studies did not provide an adequate description of randomization in sufficient detail or did not perform  
appropriate randomization; eleven studies did not adequately report allocation concealment; six studies neither blinded the personnel 
nor adequately described the method of blinding, and a high rate of loss to follow-up in one study; g, I2 value ≥75 %; h, a funnel plot 
and Egger’s test suggested significant evidence for publication bias (P<0.001); i, of three studies, all studies did not provide adequately  
report allocation concealment, one study did not describe the method of blinding, and a high rate of loss follow-up to assess patency in 
two studies; j, narrow 95% CI and clustering effect was considered; k, one study was excluded from the review because the abstract was  
never published as a full study. CI, confidence interval.
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differences in effect estimates were found for patients 
receiving RBC transfusions (RR: 1.06, 95% CI: 0.90–1.25; 
I2=35%), number of units of RBC transfused (MD: 0.41, 
95% CI: −0.13 to 0.94; I2=70%), and stroke (RR: 1.08, 95% 
CI: 0.53–2.18; I2=0%) (Figure S6).

Indirect comparison

Eight trials reporting MI (16,27,28,30,32,33,35,36) clearly 
described aspirin exposure prior to the study enrollment. 
An indirect comparison analysis showed that there was no 
statistically significant difference in MI between patients 
who were continuously exposed to aspirin before CABG 
and those who were not (RR: 1.01, 95% CI: 0.36–2.38) 
(Figure 3).

Dose of aspirin

Subgroup analysis between low-dose (≤100 mg/day) and 

high-dose (>100 mg/day) of aspirin showed no significant 
difference in rates of mortality (interaction P=0.69, I2=0%) 
and MI (interaction P=0.55, I2=0%). However, a significant 
statistical interaction of dose was found for chest tube 
drainage (P=0.05, I2=74.7%) and surgical re-exploration 
(P=0.04, I2=76.3%) (Figure 4). Overall, the inconsistency of 
subgroup effect across outcomes reduced our confidence in 
the credibility of the results.

Discussion

The results of this meta-analysis of 13 RCTs including 4,377 
patients undergoing CABG show that pre-operative aspirin 
reduced the risk of SVG occlusion, but no significant 
differences in mortality, peri-operative MI and stroke were 
found. Furthermore, subgroup analysis by dose showed 
that pre-operative aspirin may produce differential effects 
on chest tube drainage and surgical re-exploration, but not 
on mortality nor myocardial infarction. The strategy of 

Figure 3 Direct and indirect comparisons. (A) Direct treatment comparisons for the interrupted group and the continuously aspirin exposed 
group; (B) indirect comparison between treatment strategies. M-H, Mantel-Haenszel; CI, confidence interval; I, aspirin with interruption; C, 
aspirin without interruption; P, placebo/control.

A

B RR
IP : 0.86

RRCP
: 0.85

95% CI: 0.70-1.05

95% CI: 0
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continuing aspirin before CABG surgery were also found 
to be no different from aspirin discontinuation in terms of 
myocardial infarction. Notably, the strength of the evidence 
was very low quality, mostly because of high risk of bias; 
imprecision; indirectness in the applicability of aspirin 
doses, surrogate outcomes, and timing of discontinuation or 
restarting; as well as potential for publication bias.

Pre-operative aspirin and outcomes: mortality

Our findings could not confirm or exclude a protective 
treatment effect of aspirin for mortality and are in line 
with previous meta-analyses (10,12). This is in contrast 
to some observational studies which suggested a positive 
effect on mortality with pre-operative aspirin use (3,5), and 
a prospective, longitudinal cohort study which suggested 
aspirin withdrawal before CABG as an independent 
predictor for mortality (4). The discrepancy may be due 
to the study design. Nonetheless, the findings of these 
observation studies and of our analysis remain limited in 
their interpretation. Even though RCT is considered high-
quality evidence, our findings remain inclusive due to low 
statistical power. Moreover, although the observational data 
more likely reflect population and settings relevant in real-
world clinical practice, they are prone to confounding bias. 
Well-designed pragmatic trials are therefore warranted to 
confirm the benefit of pre-operative aspirin on mortality.

Myocardial infarction

Unlike the results of our primary analysis and further 
sensitivity analysis of trials with low risk of bias, a previous 
meta-analysis (12) evaluating the effect of aspirin before 
CABG has suggested significant protective effects for aspirin 
against MI as compared with control [Peto (odds ratio): 0.79, 
95% CI: 0.64–0.99; I2=0%]. However, this meta-analysis 
included trials that assessed aspirin in combination with 
other antiplatelet therapy and trials that were not designed 
to measure clinical outcomes. Inclusion of such studies may 
have introduced significant variability in study protocols 
across trials and augment the treatment effect on MI, 
allowing for statistical significance to be reached. Moreover, 
the rationale of using Peto OR to estimate the relationship 
between interventions and outcome is unclear. According 
to a simulation study, Peto OR is appropriate to use when 
event rates are below 1% (37). However, the incidence 
rate of MI reported in that meta-analysis was between 9% 

and 11%. It is notable that the upper limit of the CI in the 
previous meta-analysis for MI was borderline significant, 
and therefore should be interpreted cautiously as the 
estimate may not be adequately robust to provide definitive 
conclusions for clinical practice.

However, our finding is in agreement with recent meta-
analyses (14,15) that showed no significant benefit of pre-
operative aspirin against MI, though the evidence is of 
very low quality. In the absence of high quality evidence 
of protective effect, clinicians should now consider other 
aspects (e.g., patient’s value and preference, perceived 
risk, resources) when providing an optimal prophylactic 
management plan to the patients.

Chest tube drainage

Previous observational studies and meta-analysis (3,5,12) 
showed that the use of pre-operative aspirin was associated 
with an increased risk of blood loss, surgical re-exploration 
and RBC transfusions. These findings are consistent with 
our analysis, with the exception that the likelihood of RBC 
transfusions did not reach statistical significance in our 
study. Notably, the observed increased risk of blood loss was 
mostly found in trials allocating participants to higher doses 
of aspirin (>100 mg/day). However, the clinical significance 
of an increased risk of 100 mL blood loss is certainly 
questionable.

SVG patency

It is well-established that SVG occlusion has been the 
limiting factor of long-term outcome after CABG. 
Although the risk of occlusion increases with time, early 
occlusion occurs more commonly. Thus, providing early 
prophylaxis against the occlusion, especially, during pre-
operative period conceptually has promising results. Our 
meta-analysis shows that pre-operative aspirin provides 
a significant benefit to SVG patency, which is a plausible 
finding given the anticipated antiplatelet effect of aspirin.

However, the available data is insufficient to recommend 
an optimal dose of aspirin, although a possible larger 
protective effect with a medium-dose (300–325 mg/day)  
in reducing graft occlusion compared to low-dose  
(50–150 mg/day) of aspirin was documented in an indirect 
comparison meta-analysis (38). Nonetheless, due to the 
observational nature of the study design, these data should 
be interpreted with caution. 
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Aspirin with or without temporary interruption before 
CABG in the intervention group

There was a variation in study protocols between studies 
in terms of stopping aspirin use prior to study enrollment 
among patients receiving pre-operative aspirin. Our indirect 
comparison analysis failed to show a significant difference 
in MI between aspirin with temporary interruption and 
without the interruption before CABG among patients 
receiving pre-operative aspirin. In contrast, EACTS 
guidelines (39) have recently recommended the continuation 
of aspirin throughout the pre-operative period in patients 
on aspirin who are undergoing CABG to reduce ischemic 
events. However, the recommendation was based on class 
IIa and level of evidence C. Certainly, the evidence is not 
robust enough to make a definite conclusion. Nonetheless, 
further research is warranted to confirm the benefit and risk 
of continuing aspirin in CABG patients on aspirin.

Clinical implication

Observational studies (40-42) investigating on the 
association of SVG occlusion and clinical outcomes have 
suggested that there may be an association between SVG 
occlusion and clinical outcomes. However, the current 
evidence fails to provide a sufficient connection between 
SVG patency and clinical outcomes. Despite a significant 
reduction in occlusion, these data fail to support the 
hypothesis that pre-operative aspirin protects patients 
undergoing CABG from mortality and MI. In the absence 
of high quality evidence of protective effect of pre-operative 
aspirin on patient-relevant outcomes and continuation of 
aspirin in patient on aspirin, clinicians should now consider 
patient’s value and preference when providing an optimal 
prophylactic management plan to the patients.

Strengths and limitations

The strengths of our work include a comprehensive 
literature search, restriction to RCTs, duplicate evaluation 
of eligibility and data abstraction, risk of bias tool, and the 
use of GRADE system for quality of evidence assessment.

The present study has several limitations. The results of 
this analysis should be interpreted considering its limitations. 
The main limitation lies with the small number of studies, 
patients and events informing each outcome of interest. 
Most studies were short-term trials with duration up to 30 
days post-CABG; therefore, the treatment effects beyond 

one month remain uncertain for relevant patient-important 
clinical outcomes and SVG patency. Moreover, the incidence 
of SVG occlusion was measured at very different time-points 
(8 to 527 days). Other limitations include the high loss-to-
follow-up rate, which may overestimate the results due to 
the potential risk of selection bias, and the relatively old 
studies reporting the occlusion data, which may not reflect 
the recent clinical practice. Hence, the clinical interpretation 
of our finding remains limited by the potential bias due to 
missing data. Furthermore, our indirect comparison analysis 
may be underpowered to show a significant impact of wash-
out period prior to randomization among patients receiving 
pre-operative aspirin. Additionally, our indirect treatment 
comparison is observational by nature, therefore, the result 
of our analysis may be at risk of confounding bias. Well-
designed head-to-head comparative studies may therefore 
be needed to provide a definitive answer to the question 
of whether we should continue or stop aspirin before 
CABG. Moreover, since trials included in this meta-analysis 
primarily consisted of elective CABG patients, it limits our 
ability to generalize our findings to higher-risk patients such 
as individuals admitted with acute coronary syndrome and 
undergoing CABG during the index hospitalization, where 
the risk for ischemic events is significantly higher. Lastly, 
patient-level data were not available, precluding therefore, 
a more robust adjustment for any differences in clinical 
and surgical/procedural variables (i.e., on-pump versus off-
pump or use of antifibrinolytics), or a combined clinical 
end point (i.e., composite outcome) that used for statistical 
convenience.

Conclusions

Our results suggest that pre-operative aspirin before CABG 
surgery is associated with lower risk of SVG occlusion, 
though no significant differences in clinical outcomes were 
found. Furthermore, aspirin dose may induce differential 
effects on chest tube drainage and surgical re-exploration; 
however, the effects of dose and aspirin interruption on 
mortality and MI are still unclear. These data are based 
on trials where the strength of evidence consists of low to 
very-low quality, therefore, well-designed RCTs are needed 
to provide a more reliable estimate for patient-important 
outcomes. 
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Supplementary

Table S1 Excluded studies

Excluded studies Reasons for exclusion

Mayer 1981 Wrong intervention (ASA in combination with dipyridamole)

Dale 1981 Wrong intervention (ASA in combination with warfarin)

Chesebro 1982 Not RCT

Gallagher 1983 Not RCT

Meister 1984 Wrong timing of study drug administration (after CABG)

Rajah 1985 Wrong timing of study drug administration (after CABG)

Boelaert 1986 Wrong timing of study drug administration (after CABG)

Chesebro 1986 Not RCT

Karwande 1987 Primary outcomes: platelet function, prostacyclin synthesis

Gershlick 1988 Wrong intervention (ASA in combination with dipyridamole)

Sanz 1990 Wrong timing of study drugs administration (after CABG)

Sethi 1990 Post-hoc analysis of previously published RCT

Goldman 1994 Wrong timing of study drugs administration (after CABG)

Akowuah 2005 Wrong intervention (ASA in combination with clopidogrel)

Cvetkovic 2012 Abstract not reporting data for meta-analysis purposes

Mirhosseini 2013 Wrong intervention, primarily assessed DVT

Heidari 2016 Wrong intervention (ASA in combination with clopidogrel)

RCT, randomized controlled trial; CABG, coronary artery bypass graft; DVT, deep venous thrombosis.



Figure S2 Risk of bias assessment. Critical appraisal of included trials assessing the seven domains (randomization, allocation concealment, 
blinding, completion of outcome data, selective outcome reporting, and other sources of bias). Green circle indicates low risk of bias, red 
circle indicates high risk of bias, and yellow circle indicates unclear reporting or uncertain risk of bias.

Figure S1 Flow diagram based on PRISMA. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
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Figure S3 Worst-best sensitivity analysis. (A) Forest plots of pooled treatment effect estimates of mortality after adjusting for missing data 
within all control participants with missing data were assumed to have the events, and none in the aspirin group; (B) all aspirin participants 
with missing data were assumed to have the events, and none in the control group.
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Figure S4 Worst-best sensitivity analysis. (A) Forest plot of pooled treatment effect estimates of proportion of myocardial infarction after 
adjusting for missing data within, all control participants with missing data were assumed to have the events, and none in the aspirin group; 
(B) all aspirin participants with missing data were assumed to have the events, and none in the control group). M-H, Mantel-Haenszel; CI, 
confidence interval.

Figure S5 Funnel plot evaluating potential publication bias for the risk of post-operative bleeding. Egger’s test suggested significant 
evidence for publication bias (P<0.001). MD, mean difference.
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Figure S6 Forest plots of pooled treatment effect estimates of (A) surgical re-exploration; (B) need for RBC transfusion; (C) number of RBC units transfused; and (D) stroke in patients 
undergoing coronary artery bypass graft surgery. Imputation was not done for RBC transfusion due to large proportion of missing standard deviations. RBC, red blood cells; M-H, Mantel-
Haenszel; CI, confidence interval.
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