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Federico Paredesa, Miguel González-Barbeito a and Francisco Portelaa

a Cardiac Surgery Department, Hospital Universitario Dr. Negrı́n, Las Palmas de Gran Canaria, Spain
b Cardiac Surgery Department, Complejo Hospitalario de Navarra, Pamplona, Spain
c Cardiology Department, Hospital Universitario Insular, Las Palmas de Gran Canaria, Spain
d Research Unit, Hospital Universitario Dr. Negrı́n, Las Palmas de Gran Canaria, Spain

* Corresponding author. Cirugı́a Cardı́aca, Hospital Universitario Dr. Negrı́n, Barranco de la Ballena, s/n, 35010 Las Palmas de Gran Canaria, Spain. Tel: +34-928-45-
00-00; fax: +34-928-45-00-00; e-mail: stefano_urso@inwind.it (S. Urso).

Received 1 August 2020; received in revised form 24 October 2020; accepted 31 October 2020

Summary

The aim of the present study was to analyse the incidence of major adverse cardiovascular events in patients undergoing either coronary
artery bypass grafting (CABG) or percutaneous coronary intervention with drug-eluting stents for left main stem disease. Five manuscripts
publishing 5-year results of 4 trials (SYNTAX, PRECOMBAT, NOBLE and EXCEL) were included. Overall meta-analysis with inclusion of the
5-year results from the EXCEL trial using the protocol definition for myocardial infarction showed that CABG is associated with a significant
reduction in the risk of major adverse cardiovascular events (MACE) (risk ratio = 0.74; 95% confidence interval = 0.68–0.80). When the uni-
versal definition was used to define myocardial infarction in the EXCEL trial, the analysis demonstrated a larger benefit of coronary surgery
in terms of reduction in the risk of MACE (risk ratio = 0.70; 95% confidence interval = 0.63–0.76). Non-significant differences were detected
in terms of risk of overall mortality, cardiac mortality or stroke. In conclusion, this meta-analysis shows that CABG significantly reduces the
risk of MACE in patients with left main stem disease. The inclusion of the 5-year results of the EXCEL trial using third universal definition
amplifies the benefit of CABG over percutaneous coronary intervention.
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INTRODUCTION

The treatment strategy in patients with left main stem disease
(LMD) has been the subject of much debate. Most of this de-
bate has originated from the recent publication of the 5-year
results of the EXCEL trial [1], as its methodology, especially in
defining myocardial infarction (MI) events, has raised some
concerns [2]. This debate has motivated the publication of the
EXCEL 5-year results [3] applying the third universal definition
(UD) of MI [4].

The aim of the present study was to analyse the incidence of
major adverse cardiovascular events (MACE) and cardiac mortal-
ity in patients undergoing either coronary artery bypass grafting
(CABG) or percutaneous coronary intervention (PCI) with drug-
eluting stents (DES) for LMD.

The present study includes, in 2 different setting of analyses,
the original definition and the third UD of MI events reported by
the EXCEL trial.

PATIENTS AND METHODS

A literature search (date: 14 March 2020) was carried out using
the PubMed, Google Scholar, MEDLINE, Embase and Cochrane
databases restricting such search to randomized clinical trial
(RCT). In our search, the ‘study type’ filter was applied and as op-
tion was selected: ‘randomized clinical trial’. The following
Medical Subject Heading terms were used for the search: drug-
eluting stent AND coronary artery bypass AND left main.

Population, intervention, comparison, outcomes and study de-
sign were the following:

i. Participants: patients undergoing myocardial revascularization
because of LMD.

ii. Intervention: CABG.
iii. Comparison: PCI with DES.
iv. Outcomes: MACE, each of its components (5-year rates of

overall mortality, periprocedural and spontaneous myocardial
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infarction, stroke, repeat revascularization), and cardiac
mortality.

v. Study design: RCTs.

The exclusion criteria applied were the following: (i) articles no
reporting 5-year individual and composite MACE results; (ii)
study design other than RCT; (iii) study population with coronary
disease other than LMD; (iv) percutaneous population treated
with non-drug-eluting stents; and (v) <90% of the sample popula-
tion achieving 5-year follow-up time.

Data abstraction

The following study characteristics were recorded: design, sample
population size, level of evidence according to the Oxford Centre
for Evidence-Based Medicine classification (http://www.cebm.
net/index.aspx? o=5653), percentage of the population achieving
5 years of follow-up, overall rate of mortality, MI, stroke, repeated
revascularization, MACE and MI definitions for each trial
(Supplementary Material, Data S1, Tables 1 and 2).

The internal validity and risk of bias of included trials were ap-
praised according to the Cochrane Collaboration Methods [5]
(Supplementary Material, Data S1 and Table 3).

Data analysis

Computations were carried out with R Core Team 2020 software
(R Version 3.6.3) (https://www.r-project.org) for statistical com-
puting (R Foundation for Statistical Computing, Vienna, Austria).
The present meta-analysis was decided a priori to be carried out
using a random effects model because of the expected variety in
the sample populations.

All study items were processed as binary outcomes. These,
obtained from crude number of events, were analysed to com-
pute individual and pooled risk ratios (RRs) with pertinent 95%
confidence intervals (95% CIs) with equivalence set at 1, RR < 1
favouring the CABG and RR > 1 favouring the PCI group.
Sensitivity analysis was performed by removing each study, 1 by
1, and repeating the meta-analysis for the primary end-point to
check for the influence of individual results on the overall results
(Supplementary Material, Data S2). The risk of publication bias
was assessed by funnel plot (Supplementary Material, Data S2).
Statistical significance was set at the 2-tailed 0.05 level for hy-
pothesis testing. Unadjusted P-values are reported. No correction
for multiple testing was carried out. This meta-analysis was car-
ried out according to the methodology previously described [6],
in compliance with the Cochrane Collaboration (https://www.
cochrane.org/) and PRISMA statement [7].

RESULTS

The results of our literature search are described in the PRISMA
flow diagram (Supplementary Material, Data S2). To the 66
articles obtained by our original search, we posteriorly added the
data from the reply of the EXCEL trial Authors published in July
2020 [3] in which MI events were reported according to the third
UD [4].

Our review included 5-year results from 4 trials: SYNTAX [8],
PRECOMBAT [9], NOBLE [10] and EXCEL [1, 3]. The included trials

randomized 4394 patients (2197 to CABG and 2197 to PCI with
DES).

Quantitative data synthesis

Two trial-level meta-analyses were carried out: the first one stud-
ied the 5-year results reported by the original papers of all the in-
cluded studies. In the second one, the 5-year results of MI data
obtained from the original 5-year EXCEL trial publication [1] were
replaced by those recorded according to the UD of MI, which
were published posteriorly [3].

The results of the first analysis are the following:

CABG significantly reduced the relative risk of MACE: 627/
2197 (28.5%) in the CABG group vs 855/2197 (38.9%) in the
PCI group (RR = 0.74; 95% CI = 0.68–0.80; P < 0.01) (Forest plot,
Fig. 1A). The sensitivity analysis showed a similar benefit
(Supplementary Material, Data S2).

The benefit of CABG in terms of MACE risk was driven by the
decreased risk of MI and repeated revascularization as follows:
CABG significantly reduced the relative risk of myocardial infarc-
tion (including both periprocedural and spontaneous events):
136/2197 (6.2%) in the CABG group vs 188/2197 (8.6%) in the
PCI group (RR = 0.69; 95% CI = 0.51–0.94; P = 0.02 (Forest plot,
Fig. 1B). The sensitivity analysis did not detect significant differ-
ence in terms of myocardial infarction risk when omitted the
NOBLE trial (RR = 0.81; 95% CI = 0.63–1.04) (Supplementary
Material, Data S2).

CABG also reduced the relative risk of repeat revascularization:
220/2197 [10.0%] in the CABG group vs 378/2197 [17.2%] in the
PCI group (RR = 0.58; 95% CI = 0.50–0.68; P < 0.01) (Forest plot,
Fig.1C). The sensitivity analysis showed a similar benefit
(Supplementary Material, Data S2).

No significant differences were detected between CABG and
PCI in any of the remaining individual items of the composite
outcomes:

• risk of overall mortality [210/2197 (9.6%) in the CABG group vs
235/2197 (10.7%) in the PCI group; RR = 0.93; 95% CI = 0.73–1.19;
P = 0.57; Forest plot, Fig.1D];

• risk of cardiac mortality [117/2197 (5.3%) in the CABG group vs
127/2197 (5.8%) in the PCI group; RR = 0.95; 95% CI = 0.69–1.30;
P = 0.74; Forest plot, Fig.1E); and

• risk of stroke [61/2197 (2.8%) in the CABG group vs 54/2197
(2.5%) in the PCI group; RR = 1.16; 95% CI = 0.60–2.26; P = 0.66;
Forest plot, Fig. 1F]. Sensitivity analysis of the three items con-
firmed these results (Supplementary Material, Data S2).

Overall meta-analysis with the inclusion of data recorded
according to the UD from the EXCEL trial [3] demonstrated a
larger reduction of risk of MI: 95/2197 (4.3%) in the CABG group
vs 182/2197 (8.3%) in the PCI group (RR = 0.52; 95% CI = 0.41–
0.66; P < 0.01; Forest plot, Fig. 2A).

Consequently, a larger benefit of CABG in terms of MACE was
observed: [586/2197 (26.7%) in the CABG group vs 849/2197
(38.6%) in the PCI group; RR = 0.70; 95% CI = 0.63–0.76; P < 0.01;
Forest plot, Fig. 2B].

The sensitivity analyses showed same benefit in both cases
(Supplementary Material, Data S2).
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Figure 1: Myocardial infarction data from EXCEL recorded according to the original protocol definition: (A) Forest plot of risk of major adverse cardiovascular events.
(B) Forest plot of risk of myocardial infarction. (C) Forest plot of risk of repeat revascularization. (D) Forest plot of risk of overall mortality. (E) Forest plot of risk of car-
diac mortality. (F) Forest plot of risk of stroke. CABG: coronary artery bypass grafting; CI: confidence interval; MACE: major adverse cardiovascular events; MI: myocar-
dial infarction; RR: risk ratio.

Figure 2: Myocardial infarction data from EXCEL trial recorded according to the third universal definition: (A) Forest plot of risk of myocardial infarction. (B) Forest
plot of risk of major adverse cardiovascular events. CABG: coronary artery bypass grafting; CI: confidence interval; MACE: major adverse cardiovascular events. MI:
myocardial infarction; RR: risk ratio; UD: universal definition.
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DISCUSSION

The present meta-analysis shows that CABG significantly reduces
the risk of MACE when compared with PCI in patients with LMD.
This benefit, driven by the protective impact of CABG on MI and
repeat revascularization, is amplified when the meta-analysis was
carried out using the recoded MI data from the EXCEL trial.

We decided to include in our meta-analysis only those RCTs
with a mean follow-up time of 5 years. The purpose of this deci-
sion was to avoid the confusion effect that the inclusion of popu-
lations with different follow-up times may have produced.

It is beyond the scope of this article to investigate the causes
that have motivated the recodification of the MI events regis-
tered in the EXCEL trial [3]. Simply, the EXCEL trial 5-year MI data
were recoded according to the third UD [4] instead of the SCAI
definition used in the original EXCEL trial article [1].
Consequently, the number of patients with the recoded MI de-
creased by 6.3% in PCI group and by 48.8% in the CABG group
[3]. As expected, the introduction of these data in the meta-
analysis moved the balance in favour of the protective effect of
CABG over PCI even further.

These important clinical advantages of CABG, summed to the
beneficial impact in terms of repeat revascularization, make even
clearer that CABG, compared with PCI, provides better results in
patients with LMD.

Limitations

The present meta-analysis carries the potential bias of this spe-
cific analysis format and those of the primary studies, which pop-
ulations have been through a process of selection. The format of
the present meta-analysis does not allow to identify time-varying
hazard ratio impacts. The included trials have used heterogenous
definitions, especially to define myocardial infarction events. Due
to the paucity of trials included in this meta-analysis, funnel plot
to identify publication biases is difficult to be interpreted. We
have not registered this study on PROSPERO.

CONCLUSION

The present meta-analysis shows that CABG significantly reduces
the risk of myocardial infarction, repeat revascularization and,
hence, MACE in patients with LMD.

SUPPLEMENTARY MATERIAL

Supplementary material is available at ICVTS online.

Conflict of interest: none declared.

Author contributions

Stefano Urso: Conceptualization; Formal analysis; Investigation; Methodology;
Writing—original draft. Rafel Sadaba: Conceptualization; Writing—review &
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