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Abstract

Aims This meta-analysis aimed to determine whether coronary artery bypass grafting (CABG) or percutaneous coronary in-
tervention (PCI) should be preferred in patients with severely reduced left ventricular (LV) ejection fraction.
Methods and results We searched the PubMed, EMBASE, and Cochrane Library databases from the conception of the da-
tabases till 1 May 2020 for studies on patients with severely reduced LV ejection fraction undergoing CABG and PCI. The pri-
mary clinical endpoints were 30 day and long-term mortalities. The secondary endpoints were 30 day and long-term incidences
of myocardial infarction (MI) and stroke, long-term cardiovascular mortality, and repeat revascularization. Eighteen studies in-
volving 11 686 patients were analysed. Compared with PCI, CABG had lower long-term mortality [hazard ratio (HR): 0.70, 95%
confidence interval (CI): 0.61–0.80, P < 0.01], cardiovascular mortality (HR: 0.60, 95% CI: 0.43–0.85, P < 0.01), MI (HR: 0.51,
95% CI: 0.36–0.72, P < 0.01), and repeat revascularization (HR: 0.32, 95% CI: 0.23–0.47, P < 0.01) risk. Significant differences
were not observed for long-term stroke (HR: 1.18, 95% CI: 0.74–1.87, P = 0.49), 30 day mortality (HR: 1.18, 95% CI: 0.89–1.56,
P = 0.25), and MI (HR: 0.42, 95% CI: 0.16–1.11, P = 0.08) risk. CABG was associated with a higher risk of stroke within 30 days
(HR: 2.88, 95% CI: 1.07–7.77, P = 0.04). In a subgroup analysis of propensity score-matched studies, CABG was associated with
a higher long-term risk of stroke (HR: 1.61, 95% CI: 1.20–2.16, P < 0.01).
Conclusions Among patients with severely reduced LV ejection fraction, CABG resulted in a lower mortality rate and an in-
creased risk of stroke.
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Introduction

Coronary artery disease (CAD) is the leading cause of mortal-
ity and severely reduced left ventricular (LV) ejection fraction
(LVEF). With an increasing understanding of CAD and changes
in treatment methods, the mortality rate has continued to
decrease; however, the incidence of LV dysfunction mediated
by CAD has been increasing.1–4 In the USA alone, >538 000
individuals die of CAD annually, and it is estimated that

CAD-induced LV dysfunction will affect >8 million people by
2030.5 As patients with severely reduced LVEF are often ex-
cluded from clinical trials, the optimal strategy for revascular-
ization in these patients to date remains controversial.6

The main American and European professional bodies cur-
rently do not provide precise recommendations for revascu-
larization in patients with severely reduced LVEF.7,8 The
vagueness of their guidelines reflects the lack of relevant ev-
idence. Several cohort studies have reported that coronary
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artery bypass grafting (CABG) is associated with better prog-
nosis compared with percutaneous coronary interventions
(PCIs); however, these findings have not been confirmed in
clinical trials.9–11 Cohort studies are insufficient to confirm
the superiority of CABG over PCI. To the best of our knowl-
edge, there is currently no meta-analysis that reports on both
the short-term and long-term outcomes of different revascu-
larization strategies for patients with severely reduced
LVEF.12,13 Thus, we aimed to conduct a systematic review
and meta-analysis to identify the optimal revascularization
strategy for patients with CAD and severely reduced LVEF.

Methods

This systematic review and meta-analysis were performed ac-
cording to the established methods recommended by the
Cochrane Handbook and in compliance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
statement for conducting systematic reviews and
meta-analyses in health care interventions.14

Data sources and search strategy

We comprehensively searched PubMed, EMBASE, and
Cochrane Library databases for studies reporting on the use
of CABG and PCI for patients with severely reduced ejection
fraction from the time of conception of these databases till
1 May 2020. The following search terms and medical subject
headings were used: ‘coronary artery bypass grafting’, ‘percu-
taneous coronary intervention’, ‘revascularization’, ‘reduced
ejection fraction’, ‘left ventricular ejection fraction’, ‘LVEF’,
‘severe left ventricular dysfunction’, ‘heart failure’, and ‘is-
chemic cardiomyopathy’. In addition, we also checked the
reference lists of the identified articles and related reviews
to identify other potentially eligible studies.

Selection criteria and outcome measures

The inclusion criteria were as follows: (i) patients who have
CAD suitable for revascularization and an LVEF measured by
means of contrast magnetic resonance ventriculography,
gated SPECT ventriculography, echocardiography, or contrast
ventriculography ≤35%; (ii) randomized registry trials or case–
control studies comparing PCI and CABG; (iii) follow-up dura-
tion >12 months; and (iv) reported short-term and long-term
outcomes that could be extracted. The exclusion criteria were
as follows: (i) publications in languages other than English and
(ii) use of the same patient data in more than one study.

J. Y. P. and X. P. W. initially selected the articles. If there
was a disagreement regarding the selection of articles,
X. Q. H. decided whether the articles met the inclusion

criteria. We did not contact the authors to obtain the original
data of the study.

The primary clinical endpoints were 30 day and long-term
mortalities. The secondary endpoints were 30 day and
long-term incidences of myocardial infarction (MI), 30 day
and long-term incidences of stroke, long-term incidence
of cardiovascular mortality (CVD-related mortality), and
long-term requirement for repeat revascularization (RR).
RR was any revascularization, including target vessel
revascularization.

Data extraction and quality assessment

The following data were extracted by two independent re-
searchers (Z. H. X. and K. Y. Z.): study characteristics, patient
baseline characteristics, quality indicators, and primary and
secondary clinical outcomes. We extracted data according
to the intention-to-treat principle. If there was any disagree-
ment, it was resolved through discussion with a third re-
searcher (X. Q. H.). We used the Newcastle-Ottawa Scale
criteria to evaluate the quality of the registry studies.15

Statistical analyses and sensitive analysis

We used hazard ratios (HRs) and 95% confidence intervals
(CIs) to present the results. We used Cochran’s Q test to as-
sess the potential heterogeneity among studies. Heterogene-
ity between studies was quantified with I2, ranging from 0%
to 100%. An I2 >50% was defined as substantial heterogene-
ity. We used the random-effects model to calculate the
pooled HRs for all outcomes owing to differences in the
methodology used across the analysed studies.

To assess the reliability of the conclusions drawn, we con-
ducted a sensitivity analysis through two subgroup analyses:
one for propensity score-matched studies and the other for
studies comparing the outcomes between drug-eluting
stent-PCI and CABG. We used the Stata/MP statistical soft-
ware (version 14.0, StataCorp LP, College Station, TX, USA)
to perform the statistical analysis.

Results

Study selection and patient populations

We used the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses flow chart to describe the screening
and selection of articles14 (Figure 1).

After a comprehensive search, we identified 2314 poten-
tially relevant articles. We selected 35 studies for a full re-
view. After applying the inclusion and exclusion criteria, 18
studies published between 2002 and April 2020 were finally
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analysed.9–11,16–30 These studies included two randomized
controlled trials involving 139 patients,26,29 a case–control
study involving 107 patients,28 and 16 registry studies involv-
ing 16 940 patients.9–11,16–25,27,29,30

The baseline characteristics of the included studies are pre-
sented in Table 1, and the quality assessment is presented in
Supporting Information, Table S1. The 18 studies comprised
17 186 patients; of these, 8312 patients underwent PCI, and
8839 patients underwent CABG. The baseline characteristics
of the patients are shown in Table 2.

Thirty-day and long-term mortalities

All 18 studies reported the long-term mortality of patients,
and eight studies involving 11 686 patients reported 30 day
mortality.9,11,17,19,22,27,28,30 There was no statistically signifi-
cant difference in the 30 day mortality between CABG and
PCI (HR: 1.18, 95% CI: 0.89–1.56, P = 0.25, I2: 34.1%; Figure
2, Supporting Information, Figure S1). However, a statistically

significant decrease in the long-term mortality was observed
between CABG (8839 of 17 186 patients, 51.4%) and PCI
(8312 of 17 186 patients, 48.6%; HR: 0.70, 95% CI: 0.61–
0.80, P < 0.01, I2: 69.6%; Figure 2, Supporting Information,
Figure S2).

Secondary endpoints—30 day incidence of
myocardial infarction and stroke

Four studies involving 8240 patients reported the 30 day inci-
dence of MI.9,17,19,28 There was no statistically significant dif-
ference between CABG and PCI with respect to the 30 day
incidence of MI (HR: 0.42, 95% CI: 0.16–1.11, P = 0.08, I2:
70.6%; Figure 2, Supporting Information, Figure S3). The
same four studies reported the 30 day stroke incidence. Com-
pared with PCI, CABG significantly increased the risk of stroke
within 30 days (HR: 2.88, 95% CI: 1.07–7.77, P = 0.04, I2:
49.2%; Figure 2, Supporting Information, Figure S4).

Figure 1 Flow diagram of meta-analysis. PCI, percutaneous coronary intervention.
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Long-term secondary outcomes

A total of four studies involving 6118 patients reported the
long-term incidence of CVD-related mortality.9,18,20,30 A sta-
tistically significant decrease in the long-term CVD-related
mortality was only observed for CABG (HR: 0.60, 95% CI:
0.43–0.85, P < 0.01, I2: 59.9%; Figure 2, Supporting Informa-
tion, Figure S5). A total of nine studies involving 11 522
patients reported the long-term incidence of MI.9,10,17–
20,27,28,30 A statistically significant decrease in the reduction
in the long-term incidence of MI was only observed for CABG

(HR: 0.51, 95% CI: 0.36–0.72, P < 0.01, I2: 62.6%; Figure 2,
Supporting Information, Figure S6). A total of 10 studies in-
volving 13 370 patients reported the long-term requirement
for RR.9–11,17,19–21,27,30 A statistically significant decrease in
the long-term requirement of RR was observed with CABG
(HR: 0.32, 95% CI: 0.23–0.47, P < 0.01, I2: 82%; Figure 2,
Supporting Information, Figure S7). A total of seven studies
involving 12 751 patients reported the long-term incidence
of stroke.9–11,17–20 There was no significant difference in the
long-term incidence of stroke between CABG and PCI (HR:
1.18, 95% CI: 0.74–1.87, P = 0.49, I2: 75.5%; Figure 2,
Supporting Information, Figure S8).

Subgroup analysis

Drug-eluting stent percutaneous coronary intervention vs.
coronary artery bypass grafting
As only a few studies reported the related outcomes, we only
calculated the HR for 30 day mortality among the short-term
outcomes (Figure 3). Two studies involving 2346 patients re-
ported the 30 day mortality, and there were no statistically
significant differences between the two interventions (HR:
2.36, 95% CI: 0.78–7.17, P = 0.13, I2: 45.7%; Figure 3,
Supporting Information, Figure S9).

With respect to the long-term outcomes, the long-term
mortality (HR: 0.69, 95% CI: 0.55–0.87, P < 0.01, I2: 65%;
Figure 3, Supporting Information, Figure S10), CVD-related
mortality (HR: 0.40, 95% CI: 0.20–0.78, P < 0.01, I2: 42.2%;
Figure 3, Supporting Information, Figure S11), long-term inci-
dence of MI (HR: 0.56, 95% CI: 0.40–0.78, P < 0.01, I2: 23.1%;

Table 2 Baseline patient characteristics

Study
Age

(years)
Male
(%)

Hypertension
(%)

Hyperlipoproteinaemia
(%)

Previous CABG
(%)

Previous PCI
(%)

Previous MI
(%)

Toda 64 74 NA NA 20 26 23
Sedlis-Observational
(AWESOME)

65 / 66 / 31 20 /

Sedlis-RCT (AWESOME) 64 / 67 / 23 30 /
Buszman 61 77 62 66 / / 29
Gioia 68 81 69 68 17 20 56
Ahn / / / / / / /
Cleland (HEART) / / / / / / /
LaBarbera / / / / / / /
Fortuna / / / / / / /
Nagendran 65 81 63 62 6 8 66
Yang 66 75 60 28 5 36 35
Marui (CREDO-Kyoto) / / / / / / /
Bangalore 66 75 / / / 28 65
Kang 67 / 58 34 / / 19
Hawranek 65 83 / 57 8 47 54
Iribarne 65 74 / / / / 57
Nagendran 65 78 84 81 3 4 50
Shaha 71 88 82 / / 19 78
Sun 66 80 85 / / 20 26

AWESOME, Angina With Extremely Serious Operative Mortality Evaluation; CABG, coronary artery bypass grafting; CREDO-Kyoto, Coro-
nary Revascularization Demonstrating Outcome Study in Kyoto; HEART, The Heart Failure Revascularisation Trial; MI, myocardial infarc-
tion; NA, not applicable; PCI, percutaneous coronary intervention.

Figure 2 The primary outcomes and secondary outcomes of this meta-
analysis. CABG, coronary artery bypass grafting; CI, confidence interval;
CVD, cardiovascular disease; HR, hazard ratio; MI, myocardial infarction;
PCI, percutaneous coronary intervention; RR, repeat revascularization.
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Figure 3, Supporting Information, Figure S12), long-term re-
quirement for RR (HR: 0.27, 95% CI: 0.14–0.51, P < 0.01, I2:
76.9%; Figure 3, Supporting Information, Figure S13), and
the long-term incidence of stroke (HR: 1.15, 95% CI: 0.69–
1.90, P = 0.59, I2: 35.7%; Figure 3, Supporting Information,
Figure S14) were similar compared with the overall results.

Propensity score-matched studies
A total of nine propensity score-matched studies involving
12 775 patients were analysed. The short-term outcomes
were not significantly different between the PCI and CABG
groups for mortality (HR: 1.12, 95% CI: 0.82–1.54, P = 0.48,
I2: 49.9%), MI incidence (HR: 0.29, 95% CI: 0.08–1.03,
P = 0.06, I2: 78.8%), and stroke (HR: 5.32, 95% CI: 0.57–
49.54, P = 0.14, I2: 82%) as shown in Figure 4. Additionally,
significant statistical differences between the two groups
were observed for long-term outcomes, mortality (HR: 0.65,
95% CI: 0.55–0.76, P < 0.01, I2: 73.6%), incidence of MI
(HR: 0.37, 95% CI: 0.29–0.46, P < 0.01, I2: 23.1%), and need
for RR (HR: 0.29, 95% CI: 0.20–0.42, P < 0.01, I2: 71%), and
therefore, CABG still shows a clear advantage. The incidence
of CVD-related mortality was not different between the two
propensity score-matched groups (HR: 0.46, 95% CI:
0.15–1.37, P = 0.17, I2: 71%). The long-term risk of stroke
was significantly higher in the CABG group than in the PCI
group after propensity score matching (HR: 1.61, 95% CI:
1.20–2.16, P < 0.01, I2: 24.8%; Figure 4, Supporting Informa-
tion, Figures S15–S22).

Discussion

The results of this systematic review and meta-analysis show
that the short-term outcomes are similar among patients

with severely reduced LVEF treated with PCI or CABG, except
for the higher risk of stroke in patients who received CABG. In
the long term, patients undergoing PCI showed a worse prog-
nosis than those receiving CABG. However, a propensity
score matching analysis revealed a higher long-term risk of
stroke after CABG.

To the best of our knowledge, there are currently only two
randomized controlled studies on revascularization that in-
clude patients with severely reduced LVEF. The Heart Failure
Revascularization Trial (HEART) included only 138 patients
and did not compare PCI with CABG.26 This study did not con-
clude that revascularization is better than conservative treat-
ment and due to the early termination of the experiment, the
conclusion of the experiment may not be reliable. The Surgi-
cal Treatment for Ischemic Heart Failure Extension Study
(STICHES) compared CABG and optimal medical therapy and
showed that CABG could reduce absolute mortality by 7%
during a 10 year follow-up and was associated with fewer
CVD-related hospitalizations.31

Most clinical studies exclude patients with severely re-
duced LVEF. Many large clinical randomized controlled stud-
ies comparing PCI and CABG included only a small number
of these patients. For example, the Synergy Between Percuta-
neous Coronary Intervention With Taxus and Cardiac Surgery
(SYNTAX trial) only enrolled approximately 2% patients with
LVEF <30%,32 while the Future Revascularization Evaluation
in Patients With Diabetes Mellitus: Optimal Management of
Multivessel Disease (FREEDOM) trial only enrolled 32 (2.5%)
patients with LVEF <30%.33 High-quality evidence from ran-
domized controlled studies for revascularization strategies
for patients with severely reduced LVEF is insufficient.

Several studies have clarified that CABG improves the clin-
ical outcome of patients with reduced LVEF compared with
PCI.9,10,13,19 The meta-analysis by Wolff et al. also reported

Figure 4 The results of propensity score-matched study subgroup analy-
sis. CABG, coronary artery bypass grafting; CI, confidence interval; CVD,
cardiovascular disease; HR, hazard ratio; MI, myocardial infarction; PCI,
percutaneous coronary intervention; RR, repeat revascularization.

Figure 3 The results of drug-eluting stent percutaneous coronary inter-
vention (PCI) subgroup analysis. CABG, coronary artery bypass grafting;
CI, confidence interval; CVD, cardiovascular disease; HR, hazard ratio;
MI, myocardial infarction; RR, repeat revascularization.
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that the prognosis of patients who underwent CABG was bet-
ter than that of those who underwent PCI; however, they did
not specify that CABG may increase the risk of stroke.12 After
Wolff et al. published their work in 2017, many important
studies were published; for example, Sun et al. published the
largest propensity score-matched cohort study to date.9 This
study reported that CABG was associated with a higher stroke
risk than that observed with PCI for patients with severely
reduced ejection fraction. The current guidelines recommend
that CABG should be selected as the revascularization strategy
for patients with severely reduced ejection fraction; however,
the European Society of Cardiology guidelines state that CABG
is better than PCI, while the US guidelines only recommend
CABG but do not comment on PCI.7,8 Owing to the feasibility
of PCI and the choice of the patients, PCI is still widely per-
formed. To the best of our knowledge, this is the first study
to assess the relevant short-term outcomes for patients who
underwent CABG and PCI, providing more solid evidence for
clinical decision-making with respect to the selection of the
revascularization strategy.

Both functional and anatomical factors may account for
the difference in mortality between patients who underwent
CABG and PCI. Complete revascularization is achieved more
frequently with CABG than with PCI.34 Complete revasculari-
zation reduces the burden of myocardial ischaemia more ef-
fectively, and consequently, the risk of sudden and cardiac
mortality. Moreover, the blood supply to the distal vascular
bed is better with CABG.35 In patients with ischaemic heart
failure after MI, the LV systolic function decreases mainly ow-
ing to the loss of myocardial tissue and its replacement with
fibrous tissue.36 However, in recent decades, myocardial
stunning and hibernating myocardium have gradually re-
ceived more attention. Myocardial stunning and hibernating
myocardium will gradually restore function after the coronary
blood supply is restored.37,38 This may account for the com-
plete revascularization observed after CABG, which, in turn,
leads to better patient prognosis.

A study published by Head et al. in 2018 showed that
CABG has a higher risk of stroke than PCI in a randomized
controlled study.39 In the subgroup analysis, the stroke risk
of CABG was not higher than that of PCI in patients with LVEF
<50%. This may be due to the small number of patients. As
mentioned earlier, the number of patients with severely re-
duced ejection fraction included in randomized controlled
studies is particularly rare. In another meta-analysis published
in 2018, it reported that CABG did not increase the risk of
stroke.40 The inclusion criteria of this study were patients
with ischaemic heart failure. Although most of the patients
in the study had LVEF <35%, not all patients in the study
had ejection fractions less than 35%. Furthermore, that study
did not include the study published by Sun et al. in 2020,
which is the largest propensity score-matched study so far,9

or a comparison of the short-term outcomes of CABG and
PCI. Therefore, for these reasons, that study could not

conclude whether CABG increased the risk of stroke in pa-
tients with severely reduced ejection fraction compared
with PCI.

There may be many factors responsible for the increased
risk of long-term stroke in CABG compared with patients after
PCI. First, CABG surgery is performed on the pump, while in-
tubation and aortic clamping are performed. Even if it is per-
formed without extracorporeal circulation, it is often
necessary to manipulate the aorta to construct a proximal
anastomosis.41–43 The data of the cohort study showed that
the limitation of (even if not completely avoiding) aortic oper-
ations by performing CABG surgery without extracorporeal
circulation can significantly reduce the incidence of stroke.44

Second, strategies to reduce post-operative bleeding (such
as the use of tranexamic acid) that are usually required after
CABG surgery (rather than after PCI) can lead to excessive
blood clotting, which increases the risk of stroke.45 Third,
atrial fibrillation often occurs after CABG and increases the
risk of stroke in the early post-operative period.46,47 Fourth,
hypoperfusion during surgery and early post-operative low
cardiac output syndrome may impair cerebral perfusion, lead-
ing to ischaemia and watershed stokes.48 Another study sug-
gested that the routine use of dual antiplatelet therapy after
stent implantation may have led to lower incidences of stroke
after PCI.49

There are some limitations of this study. All data assessed
in this study were extracted from published studies. If individ-
ual patient data are obtained, more reliable conclusions can
be drawn, and more robust and subgroup analyses can be
conducted. Furthermore, most of the studies included in this
meta-analysis were observational studies. Observational re-
search better reflects real-world data. However, the making
of relevant medical decisions is often determined by many
factors. The patient’s choice between CABG and PCI may also
be determined by the number of co-morbidities and physical
conditions of the patient. Sometimes CABG is more suitable
for some patients, but due to its higher surgical risk, the pa-
tient chooses PCI. Circumstances may also cause some bias.
This factor may also be one of the reasons why CABG has a
better prognosis than PCI in real-world data. We performed
a subgroup analysis of propensity score-matched studies
but could not control for the confounding factors as effec-
tively as that in the randomized controlled studies.

In conclusion, CABG decreases the risk of mortality, MI,
and revascularization than PCI in patients with severely re-
duced ejection fraction but may increase the short-term
and long-term risk of stroke.
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