
https://doi.org/10.1177/20406223221078755 
https://doi.org/10.1177/20406223221078755

Therapeutic Advances in Chronic Disease

journals.sagepub.com/home/taj 1

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 License  
(https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further permission 
provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

Ther Adv Chronic Dis

2022, Vol. 13: 1–18

DOI: 10.1177/ 
20406223221078755

© The Author(s), 2022.  
Article reuse guidelines:  
sagepub.com/journals-
permissions

Introduction
With advances in both devices and techniques, 
percutaneous coronary intervention (PCI) has 
been increasingly performed as an important treat-
ment for patients with coronary artery disease 
(CAD), including low-risk patients as well as high-
risk patients such as the elderly1 and those with 
diabetes,2 chronic kidney disease,3 left main 
lesions,4 and multivessel CAD.5 Consequently, 
increasing numbers of patients undergoing 

coronary artery bypass grafting (CABG) have 
received prior PCI. Accordingly, determining the 
potential prognostic influence of prior PCI on clin-
ical outcomes for patients undergoing CABG is of 
particular clinical significance.6 However, previous 
studies evaluating the association between prior 
PCI and prognosis after CABG have shown incon-
sistent results.7–42 Although a number of meta-
analyses have been performed on this topic, the 
results of these studies were also inconsistent. 
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Two early meta-analyses including 9 and 14 stud-
ies, respectively, concluded that prior PCI may be 
related to a higher incidence of postoperative mor-
tality within 1 month, but not to midterm mor-
tality up to 5 years after CABG.43,44 Another 
meta-analytic study published in 2018 including 
eight studies without patients with acute PCI fail-
ure showed that prior PCI was not a risk factor of 
mortality or other adverse outcomes in patients 
undergoing CABG.45 However, these conclusions 
were based on a univariate analysis. A more recent 
meta-analysis included studies published until 
2017 and showed that prior PCI may not affect 
mortality after CABG.46 Notably, in that analysis, 
studies reporting early postoperative and long-
term follow-up outcomes were combined, which 
may have confounded the results. Because a num-
ber of recently published studies have consistently 
shown that prior PCI did not affect mortality after 
CABG,33,35–39 we included these studies in an 
updated meta-analysis to evaluate the potential 
influences of prior PCI on early and late clinical 
outcomes in patients undergoing CABG.

Methods
The Meta-analysis of Observational Studies in 
Epidemiology (MOOSE)47 and Cochrane’s 
Handbook48 guidelines were followed during the 
design, performance, and reporting of the meta-
analysis. An ethics approval is not needed for this 
study because this is a meta-analysis of previous 
published studies.

Literature search
Systematic searches of the PubMed, Cochrane’s 
Library, and Embase electronic databases were 
performed to obtain relevant studies from incep-
tion to 26 November 2021. The combined search 
terms were used: (1) ‘previous’ OR ‘prior’ OR 
‘before’ OR ‘after’ OR ‘history’; (2) ‘percutane-
ous coronary intervention’ OR ‘percutaneous 
transluminal coronary angioplasty’ OR ‘stent’ OR 
‘angioplasty’ OR ‘revascularization’ OR ‘reperfu-
sion’ OR ‘PCI’ OR ‘PTCA’; and (3) ‘coronary 
artery bypass grafting’ OR ‘CABG’. Only clinical 
studies published in English were included. 
References of elated original studies and review 
articles were also searched for potential studies.

Study selection
The inclusion criteria were (1) articles reporting 
longitudinal follow-up studies published in 

peer-reviewed journals, including cohort studies, 
post hoc analyses of randomized controlled trials 
(RCTs) and nested case–control studies; (2) stud-
ies that enrolled at least 100 adult patients with 
CAD who underwent CABG; (3) studies that 
compared the early (in-hospital or within 1 month 
after surgery) and late (during follow-up for at least 
1 year) all-cause mortality or major adverse cardio-
vascular events (MACEs) in patients with and 
without prior PCI; and (4) studies that reported 
the odds ratios (ORs) for the associations between 
prior PCI and outcomes after CABG after adjust-
ment of potential confounding factors. For studies 
with nonsignificant results on univariate analysis 
and without further analyses by multivariate analy-
sis, ORs from univariate analysis were used, and 
these studies were also included to reduce the 
potential publication bias. The definition of 
MACEs was consistent with those used in the orig-
inal articles, which typically included cardiac 
death, nonfatal myocardial infarction, nonfatal 
stroke, severe or deterioration of heart failure 
(HF), or repeated revascularization. Outcomes 
occurred between 1 month and 1 year after surgery 
was not evaluated because these outcomes were 
rarely reported in the included studies. Reviews, 
duplications, and irrelevant studies were excluded.

Data extraction and quality evaluation
Database searches, data extraction, and study 
quality evaluation were independently performed 
by two authors (HZ and ZZ). Discussion with the 
corresponding author was indicated if discrepan-
cies occurred. Data regarding study information, 
study design, patient characteristics, PCI meth-
ods [percutaneous transluminal coronary angio-
plasty (PTCA) and stent type], and follow-up 
duration were extracted. Moreover, confounding 
factors for which adjustment was made were also 
recorded. The Newcastle–Ottawa scale was used 
as an instrument for study quality evaluation.49 
This scale ranges from 1 to 9 stars and assesses 
study quality mainly regarding three domains: 
study group selection, between-group compara-
bility, and validation of the outcomes of interest.

Statistical analyses
We used the OR with corresponding 95% confi-
dence interval (CI) as the main measure for the 
association between prior PCI and outcomes after 
CABG. For studies reporting ORs with more than 
one multivariable adjusted model, the one with 
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the most adequate adjusted model was chosen for 
analysis. ORs and their corresponding standard 
errors (SEs) were calculated from 95% CIs or  
p values, and a logarithmical transformation was 
performed to stabilize variance and normalize the 
distribution.48 The Cochrane’s Q test, as well as  
I2 statistic estimation, was performed to measure 
heterogeneity.50 An I2 > 50% suggested signifi-
cant heterogeneity. We used a random-effects 
model for the meta-analysis of OR data because 
this model incorporates the potential heterogene-
ity among the included studies to calculate a more 
generalized result.48 By omitting one individual 
study at a time, we performed sensitivity analyses 
to test the robustness of the results.51 Moreover, 
univariate meta-regression analyses were per-
formed to evaluate the influences of sample size, 
patient age, sex, diabetic status, proportion of 
patients with prior PCI, and follow-up duration 

on the outcomes. In addition, because inclusion of 
patients with acute PCI failure may confound the 
findings, we performed sensitivity analyses limited 
to multivariate studies that had excluded patients 
with acute PCI failure. The potential publication 
bias was initially detected by visual inspection of 
the symmetry of funnel plots and then confirmed 
by Egger’s regression asymmetry test.52 A value 
of p < 0.05 was considered as statistically  
significant. RevMan (Version 5.1; Cochrane 
Collaboration, Oxford, UK) software was used for 
the meta-analysis.

Results

Literature search
Figure 1 shows the literature search process. 
Briefly, 3502 articles were obtained via the 

Figure 1. Flowchart of database searches and study identification.
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initial database searches after exclusion of the 
duplications. An additional 3438 articles were 
excluded through screening of the titles and 
abstracts. Subsequently, 64 records underwent 
full-text review, and 28 were further excluded 
based on reasons listed in Figure 1. Finally, we 
included 36 studies in this meta-analysis.7–42

Study characteristics and quality evaluation
The characteristics of the studies are presented in 
Table 1. All the studies were retrospective obser-
vational studies, except for two studies,23,36 which 
were prospective. These studies were published 
between 2003 and 2021. The number of patients 
in each study varied from 160 to 63,420. In total, 
308,284 patients who underwent CABG were 
included, and 40,892 (13.3%) had received prior 
PCI. The details of prior PCI were generally 
poorly reported. Procedures of PTCA with or 
without stent implantation were performed, and 
bare metal stents (BMS) seemed to be used more 
frequently than drug-eluting stents (DES) in most 
of the included studies. The follow-up durations 
varied from within hospitalization to 13 years after 
surgery. Demographic factors, CAD risk factors, 
comorbidities, coronary lesion characteristics, 
and perioperative characteristics were adjusted 
varyingly in most of the included studies, while nine 
studies with nonsignificant results on univariate 
analysis were also included.7,12,15,20,28,29,33,36,37 
Fifteen multivariate studies excluded patients 
with acute PCI failure.8,9,11,13,17–19,21,23,25,27,34,35,38,41 
Because four studies reported outcomes according 
to the times of prior PCI11,17,35,41 or the duration 
of the gap between PCI and CABG,21 multiple 
datasets were considered for these studies. The 
Newcastle–Ottawa scale scores of the included 
studies ranged from 5 to 9, indicating acceptable 
study quality (Table 2).

Results of meta-analysis
Pooled results of a random-effects model showed 
that prior PCI was associated with higher risks  
of early all-cause mortality [39 datasets; OR: 
1.26, 95% CI: 1.11–1.44, p = 0.003; I2 = 64%;  
Figure 2(a)] and MACEs [15 datasets; OR:  
1.36, 95% CI: 1.12–1.66, p = 0.002, I2 = 79%; 
Figure 2(b)] but not with late all-cause mortality 
[21 datasets; OR: 1.03, 95% CI: 0.95–1.13, 
p = 0.44, I2 = 46%; Figure 3(a)] or MACEs [3 
datasets; OR: 1.03, 95% CI: 0.97–1.09, p = 0.38, 
I2 = 0%; Figure 3(b)].

Meta-regression and sensitivity analyses
Meta-regression showed that patient number, 
age, sex, diabetic status, proportion of patients 
with prior PCI, and follow-up duration did not 
affect the outcomes (Table 3). Sensitivity analy-
ses involving exclusion of each dataset individu-
ally did not significantly change the results 
(Supplemental Table 1). Sensitivity analyses lim-
ited to multivariate studies excluding patients 
with acute PCI failure showed similar results 
regarding early all-cause mortality [20 datasets, 
OR: 1.25, 95% CI: 1.08–1.45, p = 0.003; Figure 
4(a)], early MACEs [8 datasets, OR: 1.50, 95% 
CI: 1.18–1.90, p = 0.001; Figure 4(b)], and late 
all-cause mortality [10 datasets, OR: 1.03, 95% 
CI: 0.90–1.16, p = 0.70; Figure 4(c)]. Only one 
multivariate study without patients with acute 
PCI failure was available,9 which showed that 
prior PCI was not associated with late MACEs 
after CABG (OR: 1.03, 95% CI: 0.97–1.10, 
p = 0.36).

Publication bias
The funnel plots for the meta-analysis of the 
associations between prior PCI and risks of early 
all-cause mortality, early MACEs, and late all-
cause mortality are shown in Figure 5(a)–(c). 
These plots appeared symmetric on visual inspec-
tion, suggesting low risk of publication bias. 
Egger’s regression tests showed similar results (p 
values = 0.281, 0.385, and 0.402, respectively). 
The publication bias for the meta-analysis of the 
association between prior PCI and late MACEs 
after CABG could not be evaluated because only 
three studies were included.

Discussion
This updated meta-analysis including data from 
36 up-to-date studies showed that overall, prior 
PCI was associated with increased risks of early 
all-cause mortality and MACEs after CABG, 
while the risks of late all-cause mortality and 
MACEs were not significantly affected. These 
results were further validated by sensitivity analy-
ses limited to multivariate studies excluding 
patients with acute PCI failure. Moreover, meta-
regression analyses showed that study character-
istics including patient number, age, sex, diabetic 
status, proportions of those with prior PCI, and 
follow-up duration did not significantly affect the 
results. Taken together, the current evidence 
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Figure 2. Forest plots for the meta-analysis of the associations between prior PCI and early outcomes after 
CABG: (a) early all-cause mortality and (b) early MACEs.
CABG, coronary artery bypass grafting; CI, confidence interval; MACEs, major adverse cardiovascular events; PCI, 
percutaneous coronary intervention.
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mainly based on retrospective studies suggests 
that prior PCI is related to poor early clinical out-
comes, but not late clinical outcomes, after 
CABG. Large-scale prospective cohort studies in 
the era of current PCI status should be performed 
to validate these findings.

Compared with previous meta-analyses of the 
same topic,43–46 our study has the following 
strengths. First, this is the largest meta-analysis in 
this field to date, with the inclusion of 36 follow-
up studies with 308,284 patients. The large num-
ber of studies and patients could guarantee 
adequate statistical power for evaluation of the 
clinical outcomes. Second, studies with nonsig-
nificant findings on univariate analyses were 
included, which substantially lowered the risk of 

publication bias of the meta-analysis. Third, sen-
sitivity analyses limited to multivariate studies 
excluding patients with acute PCI failure were 
performed to reduce the potential influence of 
confounding factors in the main meta-analysis. 
The results of the sensitivity analyses further con-
firmed the findings of the main meta-analysis. 
Finally, meta-regression analyses showed that the 
findings were independent of study characteris-
tics including patient number, age, sex, diabetic 
status, proportions of those with prior PCI, or 
follow-up duration, which further confirmed the 
robustness of the findings.

The potential mechanisms underlying the associ-
ation between prior PCI and poor early clinical 
outcomes after CABG may include the following. 

Figure 3. Forest plots for the meta-analysis of the associations between prior PCI and late outcomes after 
CABG: (a) late all-cause mortality and (b) late MACEs.
CABG, coronary artery bypass grafting; CI, confidence interval; MACEs, major adverse cardiovascular events; PCI, 
percutaneous coronary intervention.
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First, an implanted stent as compared with naïve 
vessel may be associated with an increased inflam-
matory response and endothelial dysfunction, 
which may lead to an increased risk of vascular 
events after CABG in patients with prior PCI.53 A 
recent study showed that compared with drug 
therapy alone, coronary stent intervention ther-
apy has better clinical efficacy and short- and 
long-term prognosis in treating CAD, but it is 
easy to promote inflammatory reaction after sur-
gery, as evidenced by increased levels of matrix 
metalloproteinase-9 and interleukin-33 in patients 
after coronary stenting.54 Higher levels of inflam-
matory cytokines before the procedure have 
been well confirmed as the predictors of poor 

postoperative prognosis in patients after CABG.55 
Moreover, because anastomosis during CABG 
could be performed in the segment of coronary 
arteries that have already been implanted with 
stents, prior PCI with stents may technically chal-
lenge the procedure of CABG by leading to the 
limitations in distal anastomosis during CABG.56 
Also, prior PCI may compromise the collateral 
blood flow, which therefore may affect the patency 
of the graft after CABG. It has been shown that in 
patients with non-ST-elevation acute coronary 
syndrome who developed periprocedural myocar-
dial infarction, microvascular resistance increased 
significantly after PCI.57 These findings suggested 
that when collateral flow is accounted for, removal 

Table 3. Results of univariate meta-regression analysis.

Covariate Coefficient 95% CI p value

Short-term mortality

 No. of patients −0.007 −0.0162 to 0.0032 0.19

 Mean age (years) −0.051 −0.131 to 0.029 0.20

 Male (%) 0.006 −0.007 to 0.019 0.36

 DM (%) 0.001 −0.008 to 0.010 0.77

 Patients with prior PCI (%) 0.013 −0.008 to 0.034 0.17

Short-term MACEs

 No. of patients −0.002 −0.022 to 0.019 0.81

 Mean age (years) −0.016 −0.041 to 0.009 0.26

 Male (%) 0.065 −0.030 to 0.160 0.15

 DM (%) −0.009 −0.022 to 0.004 0.12

 Patients with prior PCI (%) 0.015 −0.027 to 0.056 0.46

Long-term mortality

 No. of patients −0.011 −0.050 to 0.028 0.66

 Mean age (years) −0.016 −0.105 to 0.073 0.52

 Male (%) −0.018 −0.044 to 0.008 0.12

 DM (%) 0.006 −0.009 to 0.021 0.26

 Patients with prior PCI (%) 0.007 −0.019 to 0.033 0.59

 Duration (years) −0.022 −0.096 to 0.051 0.39

CI, confidence interval; DM, diabetes mellitus; MACEs, major adverse cardiovascular events; PCI, percutaneous coronary 
intervention.
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of epicardial stenosis is associated with compro-
mised collateral blood flow,57 while patients with 
well-matured collaterals were shown to have a 

significantly higher rate of procedural success 
during CABG, particularly for those with chronic 
total occlusions of the coronary arteries.58 Finally, 

Figure 4. Sensitivity analyses including only multivariate studies without acute PCI failure: (a) early all-cause 
mortality; (b) early MACEs; and (c) late all-cause mortality.
CI, confidence interval; MACEs, major adverse cardiovascular events; PCI, percutaneous coronary intervention.
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prior PCI before CABG may be a marker of gen-
erally poor clinical status and a high burden of 
atherosclerotic lesions, which may also lead to a 
poor acute outcome after CABG. Future studies 
are needed for further analyses of the possible 
mechanism underlying the adverse influence of 
prior PCI on early outcomes after CABG, which 
may be helpful to improve the prognosis in these 
patients. On the other hand, our meta-analysis 
showed that prior PCI was not related to mortal-
ity or incidence of MACEs during follow-up. 

This seems to be consistent with comparable 
long-term survival among patients who received 
PCI or CABG, as evidenced by recent clinical  
trials or meta-analyses, particularly for those with 
high-risk lesions such as lesion in the left main 
artery.59–61

Limitations
The results of meta-regression showed that study 
characteristics including patient number, age, 
sex, diabetic status, proportions of those with 
prior PCI, and follow-up duration did not signi-
ficantly affect the association between prior  
PCI and CABG outcomes. However, significant  
heterogeneity was detected among the meta- 
analyses. From a clinical perspective, interactions 
between coronary lesions, features and outcomes 
of prior PCI, and sources and locations of the 
grafts are key factors that could affect the clinical 
outcomes of the patients. Besides, the time gap 
between prior PCI and CABG may also affect the 
clinical outcomes of the patients. Unfortunately, 
none of the above factors were analyzed in detail 
in the included studies. Accordingly, we were 
unable to analyze the influences of these factors 
on the outcomes in our meta-analysis. Specifically, 
studies published after 2017 almost consistently 
suggested that prior PCI did not affect early or 
late clinical outcomes after CABG, which may 
also indicate that PCI performed in current clini-
cal practice may not adversely affect the prognosis 
after CABG. Large-scale prospective studies with 
detailed analyses of the interactions between cor-
onary lesions, features and outcomes of prior 
PCI, and sources and locations of the grafts are 
needed to determine the influence of prior PCI 
on outcomes after CABG in current clinical prac-
tice. Other limitations should also be noted when 
interpreting the results of our meta-analysis. First, 
most of the included studies were retrospective, 
which may be associated with possible risk or 
recall bias and selection bias. Moreover, it has 
been indicated that some specific procedural con-
ditions related to CABG may also significantly 
affect the postoperative outcomes in patients with 
CAD, such as off-pump or on-pump CABG,62 
concurrent coronary atherectomy,63 achievement 
of total arterial revascularization, and so on.64 
Prospective studies with adequate details of above 
procedural characteristics are needed to determine 
whether differences in these conditions may affect 
the association between prior PCI and outcomes 
after CABG. In addition, noncardiovascular 

Figure 5. Funnel plots for the meta-analysis of the 
associations between prior PCI and outcomes after 
CABG: (a) early all-cause mortality; (b) early MACEs; 
and (c) late all-cause mortality.
CABG, coronary artery bypass grafting; MACEs, major 
adverse cardiovascular events; PCI, percutaneous coronary 
intervention.
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postoperative adverse events were not analyzed in 
our meta-analysis because studies reporting these 
outcomes were limited and mainly based on uni-
variate analyses. Moreover, studies published as 
conference abstracts or in languages other than 
English were not included, which may confound 
the findings. Finally, the differences in the experi-
ence levels of the performers of PCI and CABG 
may also affect the results, but were generally not 
evaluated in the included studies.

Conclusion
In conclusion, the results of this updated meta-
analysis suggest that prior PCI is related to poor 
early clinical outcomes, but not late clinical out-
comes, after CABG. Large-scale prospective 
studies with detailed analyses of the interactions 
between coronary lesions, features and outcomes 
of prior PCI, and sources and locations of the 
grafts should be performed to determine the 
influence of prior PCI on clinical outcomes after 
CABG in current clinical practice.
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