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CABG seems to be the most favorable option in this 0’2 1
setting, although PCl may have its advantages in Favours
special patients and situations. CABG PCI

Decision making
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Do something... Do nothing...
CABG or PCI? Medical therapy alone

Abstract

Obijective: To evaluate whether there is any difference on the
results of patients treated with coronary artery bypass grafting
(CABG) or percutaneous coronary intervention (PCl) in the setting
of ischemic heart failure (HF).

Methods: Databases (MEDLINE, Embase, Cochrane Controlled
Trials Register [CENTRAL/CCTR], ClinicalTrials.gov, Scientific
Electronic Library Online [SciELO], Literatura Latino-americana
e do Caribe em Ciéncias da Saude [LILACS], and Google Scholar)
were searched for studies published until February 2019. Main
outcomes of interest were mortality, myocardial infarction, repeat
revascularization, and stroke.

Results: The search yielded 5,775 studies for inclusion. Of
these, 20 articles were analyzed, and their data were extracted.
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This study was carried out at the Division of Cardiovascular Surgery, Pronto Socorro
Cardiolégico de Pernambuco — PROCAPE, Recife, Pernambuco, Brazil.

The total number of patients included was 54,173, and those
underwent CABG (N=29,075) or PCl (N=25098). The hazard ratios
(HRs) for mortality (HR 0.763; 95% confidence interval [CI] 0.678-
0.859; P<0.001), myocardial infarction (HR 0.481; 95% Cl 0.365-
0.633; P<0.001), and repeat revascularization (HR 0.321; 95% ClI
0.241-0.428; P<0.001) were lower in the CABG group than in the
PCl group. The HR for stroke showed no statistically significant
difference between the groups (random effect model: HR 0.879;
95% Cl 0.625-1.237; P=0.459).

Conclusion: This meta-analysis found that CABG surgery
remains the best option for patients with ischemic HF, without
increase in the risk of stroke.
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Abbreviations, acronyms & symbols

CABG = Coronary artery bypass grafting
CENTRAL/CCTR = Cochrane Controlled Trials Register

Cl = Confidence interval

EACTS = European Association for Cardio-Thoracic Surgery
EF = Ejection fraction

ESC = European Society of Cardiology

HF = Heart failure

HR = Hazard ratio

LILACS = Literatura Latino-americana e do Caribe em

Ciéncias da Saude

LVEF = Left ventricular ejection fraction

MeSH = Medical subject headings

MI = Myocardial infarction

PCl = Percutaneous coronary intervention

PICOS = Population, Intervention, Comparison, Outcome
and Study Design

PRISMA = Preferred Reporting Items for Systematic Reviews

and Meta-Analyses

SciELO = Scientific Electronic Library Online

INTRODUCTION
Rationale

Recent European Society of Cardiology (ESC) and European
Association for Cardio-Thoracic Surgery (EACTS) guidelines
on myocardial revascularization™ clearly recommended
coronary artery bypass grafting (CABG) as the first choice of
revascularization strategy in patients with multivessel disease
and acceptable surgical risk to improve prognosis in this scenario
of left ventricular dysfunction.

According to guidelines from the United States of Americal®3,
revascularization strategies might be beneficial in the context
of left ventricular dysfunction. CABG surgery would be class of
recommendation lla for those with moderate left ventricular
dysfunction and llb for those with left ventricular ejection fraction
(LVEF) <35% without significant left main coronary artery disease.
There is not enough data about the percutaneous coronary
intervention (PCl) to allow the panels to reach any conclusion nor
make any recommendation in this setting. Nevertheless, some
studiest! have suggested that PCl could provide comparable
outcomes to CABG in patients with heart failure (HF). In light of
these studies, we decided to perform a systematic review with
meta-analysis in order to evaluate comparatively the impact of
CABG and PCl on the rates of complications and mortality of
patients with ischemic HF.

Objectives

We aimed to investigate whether there is any difference on
the results of patients treated with CABG or PCl in the setting of
ischemic HF. This analysis was planned in accordance with current
guidelines for performing comprehensive systematic reviews
and meta-analysis, including the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)®! guidelines.

METHODS
Eligibility Criteria

Using Population, Intervention, Comparison, Outcome and
Study Design (PICOS) strategy, studies were considered eligible
if: (1) the population comprised patients with ischemic HF
with impaired ejection fraction (EF); (2) there was compared

efficacy between CABG and PC; (3) the studied outcomes have
included death, myocardial infarction (M), stroke, or repeat
revascularization; (4) there was a follow-up of at least 12 months.
There was no restriction on language and the studies were
of any type (retrospective/prospective, randomized or non-
randomized, multicentric or not).

Information Sources

The following databases were used (until February 2019):
MEDLINE, Embase, the Cochrane Controlled Trials Register
(CENTRAL/CCTR), ClinicalTrials.gov, the Scientific Electronic
Library Online (SciELO), Literatura Latino-americana e do Caribe
em Ciéncias da Saude (LILACS), Google Scholar, and reference
lists of relevant articles.

Search

The following terms according to the medical subject headings
(MeSH) terms included revascularization, impaired ejection
fraction, LVEF, severe left ventricular dysfunction, reduced ejection
fraction, heart failure, ischemic cardiomyopathy, percutaneous
coronary intervention, and coronary artery bypass grafting surgery.

Study Selection

The following steps were taken: 1) identification of titles of
records through databases searching; 2) removal of duplicates;
3) screening and selection of abstracts; 4) assessment for
eligibility through full-text articles; and 5) final inclusion in
study. One reviewer followed steps 1 to 3. Two independent
reviewers followed step 4 and selected studies. Inclusion or
exclusion of studies was decided unanimously. When there was
disagreement, a third reviewer made the final decision.

Data Items

The crude endpoints were mortality, MI, stroke, and repeat
revascularization.
Data Collection Process

Two independent reviewers extracted the data. When there
was disagreement about the data, a third reviewer checked
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32 full-text article s
assessed forelegibility

& did not have a PClarm

L 4

3 duplicate samples

Eligibility

r

3 reviews

20 studies for
qualitative syrthesis
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Fig. 1 - Flow diagram of studies included in data search. CABG=coronary artery bypass grafting, CENTRAL/CCTR=Cochrane Controlled Trials
Register; LILACS=Literatura Latino-americana e do Caribe em Ciéncias da Satide; PCl=percutaneous coronary intervention; SCiELO=Scientific

Electronic Library Online

them and made the final decision. From each study, we extracted
patients’ characteristics, study design, and outcomes. When the
data were not clearly available in the articles, we contacted the
authors of the original articles by e-mail.

Summary Measures

The principal summary measures were hazard ratio (HR) with
95% confidence interval (Cl) and P-values (considered statistically
significant when P<0.05) for mortality and difference in means
for the other outcomes. The meta-analysis was completed with
the Comprehensive Meta-Analysis software (version 2, Biostat,
Inc,, Englewood, New Jersey).

Synthesis of Results

Forest plots were generated for graphical presentations of
clinical outcomes, and we performed I? test and ? test for the
assessment of heterogeneity across the studies”. Inter-study
heterogeneity was explored using the ¥? statistic, but the I>-value
was calculated to quantify the degree of heterogeneity across
the studies that could not be attributable to chance alone. When
1> was more than 50%, significant statistical heterogeneity was
considered to be present. Each study was summarized by the
HR, whose values were combined across the studies using a
weighted DerSimonian-Laird random effects model®,
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Risk of Bias Across Studies

To assess publication bias, a funnel plot was generated for
each outcome, statistically assessed by Begg and Mazumdar’s
test” and Egger’s test!'?,

Sensitivity Analysis

We also investigated the influence of each study on the
overall effect - by sequentially removing one study - in order to
test the robustness of the main results, so that we could verify
whether any study had an excessive influence on the overall
results.

RESULTS

Study Selection

A total of 5,775 citations were identified, of which 32 studies
were potentially relevant and retrieved as full text. Twenty
publications" 28 fulfilled our eligibility criteria. Interobserver
reliability of study relevance was very good (Kappa=0.82).

Agreement for decisions related to study validity was very good
(Kappa=0.84). The search strategy can be seen in Figure 1.

Study Characteristics

A total of 54,173 patients (CABG: 29,075 patients; PCl: 25,098
patients) were included, from studies published from 2002
to 2019. The studies consisted of patients whose mean age
was around 65 years. Most of the patients were male in all the
studies. Only two studies were randomized, seven studies were
prospective, and almost all of them were multicentric. Almost all
the studies had patients with LVEF <35%.

Synthesis of Results

The HR for mortality in the CABG group compared with that
in the PCl group in each study is reported in Figure 2. There was
evidence of moderate heterogeneity of treatment effect among
the studies for mortality. The overall HR (95% Cl) of mortality
showed better results in the CABG group (random effect model:
HR 0.763; 95% Cl 0.678-0.859; P<0.001) than in the PCl group.

Weight (Random)

Hazard ratio and 95% CI

Study name Statistics for each study
Hazard Lower Upper

ratio limit  limit p-Value
BCIS/SCTS 2019 0,303 0,183 0,563 0,000
COMMIT-HF/ICSD 2018 0910 0,648 1,277 0,585
NNECDSG 2018 0,590 0,499 0,698 0,000
KorAHF 2018 0,570 0,339 0,958 0,034
EXCEL 2016 0,900 0,599 1,353 0612
ASAN-MAIN 2015 0840 0412 1712 0,631
IRIS-MAIN 2015 0,710 0,368 1,370 0,307
CREDOQO-Kyoto 2014 0640 0,390 1,050 0,077
APPROACH 2013 0910 0,789 1,049 0,194
RERIC/REAL 2013 0630 0,486 0,852 0,003
Yang et al. 2013 0860 0621 1,191 0,364
LaBarbera et al. 2012 0,680 0,559 0,828 0,000
HEART 2011 1,110 0,420 2,931 0,833
Ahn et al. 2010 0,850 0,462 1,564 0,602
Hannan et al. 2008 0,770 0,591 1,003 0,052
REHEAT 2007 2,000 0,205 19,527 0,551
Gioia el al. 2007 1,380 0,604 3,153 0,445
AWESOME (RCT) 2004 0,880 0474 1635 0,686
AWESOME (Registry) 2004 1,080 0,804 1451 0,609
Brenner et al. 2004 0625 0,361 1,083 0,094
Toda et al. 2002 0,850 0,489 1,478 0,565
Overall effect 0,763 0678 0,859 0,000

Test for overall random effect: Z=-4.48 (P < 0.001)

Relative

Mortality

weight

1

Test for heterogeneity: ChiZ = 39.79; df = 20 (P = 0.005); 12 = 49.7%

2,82
8,16
9,94
3,57
5,03
2,26
2,57
3,92
0,54
5,88
8,41
9,27
1,33
2,89
7,69
0,26
1,76
2,83
7,02
3,38
3,35

LT

TEr

|

11

01 02 05 1 2 5 10

Favours CABG Favours PCI

Fig. 2 - Hazard ratio and conclusions plot of mortality. CABG=coronary artery bypass grafting; Cl=confidence interval; PCl=percutaneous

coronary intervention
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Study name Statistics for each study Weight (Random) Hazard ratio and 95% CI
Mfatio mit Wt pvValue weight Myocardial infarction

COMMIT-HF/ICSD 2018 0,440 0,261 0,742 0,002 27,70 —ll—

EXCEL 2016 0,360 0,483 0,793 0,011 12,16 =

IRIS-MAIN 2015 0,600 0,039 9287 0715 1.01 =

CREDO-Kyoto 2014 0,740 0,024 0826 0,030 2,40 —i

Yang et al. 2013 0,500 0,235 1,064 0,072 13,29 i

Hannan et al. 2008 0,500 0,318 0,786 0003 37,11 _—I—_

REHEAT 2007 2,000 0,205 19,527 0,551 1,46 i

Gioia el al. 2007 1,000 0,153 6,529 1,000 2,15 i

Toda et al. 2002 1,500 0,282 7978 0,834 271 =

Overall effect 0,481 0,365 0,633 0,000 B o

Test for heterogeneity: Chi2=6.41; df =8 (P = 0.641); 12=0.0% 01 02 05 1 ” 5 10

Test for overall random effect: Z=-5.21 (P <0.001) Favours CABG Favours PCI

Fig. 3 - Hazard ratio and conclusions plot of myocardial infarction. CABG=coronary artery bypass grafting; Cl=confidence interval;
PCl=percutaneous coronary intervention

Study name Statistics for each study Weight (Random) Hazard ratio and 95% ClI
H?:ggd Lﬁm?tr Ulﬁ’r?]ir p-Value Rv?tl;gxte Repeat revascularization

COMMIT-HF/ICSD 2018 0,500 0,292 0,837 0,008 11,81 ——

NNECDSG 2018 0200 0132 0304 0000 1356

KorAHF 2018 0,190 0,060 0,601 0,005 4,70 T

EXCEL 2016 0,430 0,248 0,747 0,003 11,18 —_—

IRIS-MAIN 2015 0410 0,128 1315 0,134 461 &

CREDO-Kyoto 2014 0,350 0,218 0,562 0,000 1256 —at

APPROACH 2013 0,211 0,154 0,289 0,000 15,51 ——

Yang et al. 2013 0,230 0,128 0,414 0,000 10,60 —_——

Gioia el al. 2007 0,930 0,158 5457 0,936 2,32 L

Toda et al. 2002 0500 0322 0777 0002 1315 —

Overall effect 0,321 0,241 0,428 0,000 -

Test for heterogeneity: Chi2 = 22.69; df =9 (P = 0.007); 12 = 60.3% 01 0,2 05 1 2 5 10

Test for overall random effect: Z=-7.73 (P < 0.001) Favours CABG Favours PCI

Fig. 4 — Hazard ratio and conclusions plot of repeat revascularization. CABG=coronary artery bypass grafting; Cl=confidence interval;

PCl=percutaneous coronary intervention
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Test for heterogeneity: Chi2 = 2.25; df =4 (P = 0.689); I = 0.0%

Test for overall random effect: Z=-0.74 (P = 0.459)

Study name Statistics for each study Weight (Random) Hazard ratio and 95% Cl
"o hmit imit pvalue weight Stroke

COMMIT-HF/ICSD 2018 1,170 0618 2214 0,629 28,68 —l—

EXCEL 2016 0,440 0,138 1,408 0,166 8,65 m

IRIS-MAIN 2015 0,830 0,160 4,299 0,824 4,31 =

CREDO-Kyoto 2014 0,240 0428 2085 0878 18,83 =

Yang et al. 2013 0,810 0,470 1,395 0447 39,53 -

Overall effect 0,879 0,625 1,237 0,459 By o

01 0,2 0,5 1 2 5 10

Favours CABG Favours PCI

Fig. 5 — Hazard ratio and conclusions plot of stroke. CABG=coronary artery bypass grafting; Cl=confidence interval; PCl=percutaneous

coronary intervention
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Study name Statistics with study removed Hazard ratio (95% CI)
Lower Upper with study removed
Point limit limit p-Value Mortality

BCIS/SCTS 2019 0,780 0,701 0,868 0,000 —a—
COMMIT-HF/ICSD 2018 0,754 0,666 0,854 0,000 —=—

NNECDSG 2018 0,788 0,704 0,881 0,000 ——

KorAHF 2018 0,771 0,683 0,871 0,000 ——

EXCEL 2016 0,756 0,668 0,855 0,000 ——

ASAN-MAIN 2015 0,761 0,674 0,860 0,000 ——

IRIS-MAIN 2015 0,764 0677 0,864 0,000 —a—
CREDQ-Kyoto 2014 0,768 0,680 0,869 0,000 ——

APPROACH 2013 0,746 0661 0,842 0,000 ——
RERIC/REAL 2013 0,774 0,683 0,876 0,000 ——

Yang et al. 2013 0,757 0,668 0,858 0,000 —a—

LaBarbera et al. 2012 0,772 0,679 0,878 0,000 —a—

HEART 2011 0,759 0,673 0,856 0,000 ——

Ahn et al. 2010 0,760 0673 0,859 0,000 ——

Hannan et al. 2008 0,762 0,671 0,866 0,000 —a—

REHEAT 2007 0,761 0,675 0,857 0,000 ——

Gioia el al. 2007 0,755 0,671 0,850 0,000 ——

AWESOME (RCT) 2004 0,760 0,672 0,858 0,000 —=—

AWESOME (Registry) 2004 0,743 0,661 0,835 0,000 ——

Brenner et al. 2004 0,768 0,680 0,868 0,000 ——

Toda et al. 2002 0,760 0,672 0,859 0,000 ——

Overall effect 0,763 0,678 0,859 0,000 et

0,5 1 2
Favours CABG Favours PCI

Fig. 7 — Sensitivity analysis. CABG=coronary artery bypass grafting; Cl=confidence interval; PCl=percutaneous coronary intervention

The HR for Ml in the CABG group compared with that in
the PCl group in each study is reported in Figure 3. There was
evidence of low heterogeneity of treatment effect among the
studies for MI. The overall HR (95% Cl) of Ml showed better results
in the CABG group (random effect model: HR 0.481; 95% Cl 0.365-
0.633; P<0.001) than in the PCl group.

The HR for repeat revascularization in the CABG group
compared with that in the PCl group in each study is reported
in Figure 4. There was evidence of important heterogeneity of
treatment effect among the studies for repeat revascularization.
The overall HR (95% Cl) of repeat revascularization showed better
results in the CABG group (random effect model: HR 0.321; 95%
C10.241-0.428; P<0.001) than in the PCl group.

The HR for stroke in the CABG group compared with that in
the PCI group in each study is reported in Figure 5. There was
evidence of low heterogeneity of treatment effect among the
studies for stroke. The overall HR (95% Cl) of stroke showed no
statistically significant difference between the groups (random
effect model: HR 0.879; 95% Cl 0.625-1.237; P=0.459).

Risk of Bias Across Studies

Funnel plot analysis (Figure 6) disclosed no asymmetry
around the axis for the outcomes, which means that there is low
risk of publication bias related to these outcomes.

Sensitivity Analysis

Sensitivity analyses performed by removing each single
study from the meta-analysis (in order to determine the influence
of individual data sets on the pooled HRs) showed that none of
the studies had a particular impact on the summary results of
mortality (see Figure 7).

DISCUSSION

Summary of Evidence

To the best of our knowledge, this is the largest meta-analysis
of studies performed to date that provides additional value by
demonstrating that patients with ischemic HF who underwent
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CABG surgery have lower risk of mortality, MI, and repeat
revascularization in comparison to those who underwent PCl.
CABG did not increase the risk of stroke in comparison to PCI.

What Is the Biggest Novelty of This Meta-Analysis?

Our study stands out from the crowd in that it showed no
incremental risk of stroke in the CABG group in comparison
with PCl in the setting of patients with HF. Several studies have
suggested that CABG vs. PCl is associated with a significant
increase of procedural strokel?, a devastating outcome with
substantial mortality, morbidity, and reduced quality of life. To this
date, there is a lack of conclusive evidence on the exact incidence
and consequences of stroke following either CABG or PCl because
individual randomized trials lacked sufficient power to detect small
but meaningful differences between CABG and PCIBY. Beyond
mortality, it is important to consider endpoints that significantly
impact quality of life, including stroke. The best evidence currently
available is a patient-level meta-analysis published by Head et
alBY,including 11 randomized clinical trials comparing CABG with
PCl using stents. The analysis included 11,518 patients randomly
assigned to PCl (N=5,753) or CABG (N=5,765) with a mean
follow-up of 3.8+1.4 years. This individual patient-data pooled
analysis demonstrates that 5-year stroke rates are significantly
lower after PCl compared with CABG, driven by a reduced risk
of stroke in the 30-day post-procedural period, but with a similar
risk of stroke between 31 days and 5 years. The greater risk of
stroke after CABG compared with PCl was confined to patients
with multivessel disease and diabetes. Five-year mortality was
markedly higher for patients experiencing a stroke within 30 days
after revascularization. Our study has an almost fourfold increase
in sample size, which increases the power in our study to show a
significant difference if there is one. Therefore, we do not confirm
this increase in the risk of stroke in the setting of patients with HF.

Risk of Bias and Study Limitations

There are inherent limitations with meta-analyses, including
the use of cumulative data from summary estimates. Patient data
were gathered from published data, not from individual patient
follow-up. Access to individual patient data would have enabled
us to conduct further subgroup analysis and propensity analysis
to account for differences between the treatment groups. This

appearance of publication biases, but, in this case, we cannot
state that the impact of CABG in comparison to PCl on morbidity
and mortality rates observed in our study is solely due to bias.

CONCLUSION

This meta-analysis found that CABG surgery remains the best
option for patients with ischemic HF.
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