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ABSTRACT

Background

The optimal revascularisation strategy for patients with left-main coronary artery
disease (LMCAD) is a compelling topic. After the publication of recent trials, numer-
ous meta-analyses on percutaneous coronary intervention (PCI) versus coronary
artery bypass grafting (CABG) were published. This study reviewed the extent of
meta-analyses on PCI versus CABG in LMCAD.

Methods and Results

A systematic search in online databases was performed to identify meta-analyses on
PCI versus CABG in LMCAD. Meta-analyses that reported associations between revas-
cularisation and clinical outcomes were included.. Study outcomes were reported
according to descriptive statistics, without pooling study outcomes. Fifty-one meta-
analyses were included. Of those, 33 became available after EXCEL and NOBLE trial
publication. The composite of major adverse cardiac (and cerebrovascular) events
were reported in 41, and 49 reported all-cause mortality. Results varied, depending
on (i) randomized versus observational data, or a combination of both, (ii) methodol-
ogy and effect-measures to report treatment-differences, (iii) varying sample sizes,

and (iv) the year of publication.

Conclusions

The number of meta-analyses on PCI versus CABG in patients with LMCAD, is dis-
proportionate and urges the need for quality over quantity. To ensure high-quality
publications, we call on all authors, editors and reviewers to appraise the evidence
already available and join forces to conduct individual patient data pooled analyses
instead.

Keywords
Coronary artery bypass; percutaneous coronary intervention; left main, meta-analyses; MACCE;

all-cause mortality
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INTRODUCTION

Meta-analyses are systematic reviews that pool study-outcomes to increase statistical
power and provide a higher level of evidence than is often possible with single stud-
ies. Therefore, meta-analyses are frequently consulted by healthcare professionals
and inform medical guidelines.’

The number of meta-analyses increased substantially in the field of cardiovascu-
lar medicine and determining the optimal strategy for patients with left main
coronary artery disease (LMCAD) remains a fiercely debated subject. Over the past
decades, numerous randomized studies assessed clinical outcomes after percutane-
ous coronary intervention (PCI) versus coronary artery bypass grafting (CABG) in
patients with LMCAD.*® Two randomized controlled trials (RCTs) that contributed
considerably to the evidence are the EXCEL (Evaluation of XIENCE versus Coronary
Artery Bypass Surgery for Effectiveness of Left Main revascularisation and NOBLE
(Nordic Baltic British left main revascularisation trials.” ® Additionally, several non-
randomized observational studies have reported results of CABG versus PCI. Pooling
of observational data with randomized studies may lead to inter-study variability
related to study design, sample size, baseline characteristics and outcomes, making
it challenging to adequately appraise all scientific evidence available.

A meta-analysis, if performed correctly, can be helpful. However, an excess of
meta-analyses, as was noticed over the recent decade, could lead to overlapping
and redundant outcomes.’ Therefore, this study critically appraised the extent of
potential overlap and shortcomings by systematically reviewing the contemporane-
ous published meta-analyses on PCI versus CABG in LMCAD, with a special focus on
those published after the EXCEL and NOBLE publications.

METHODS

Search strategy

On November 7", 2018, a systematic literature search, according to the Preferred
Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) guideline'
(Supplementary Appendix), was performed in Embase, Medline Ovid and Cochrane
databases to identify meta-analyses on PCI versus CABG in LMCAD. The search con-
tained the following key words or synonyms: “left main coronary artery disease”,

“percutaneous coronary intervention”, “coronary artery bypass grafting” and “meta-
analysis”. A detailed search strategy is reported in the Supplementary Appendix.
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Meta-analyses comparing revascularisation strategies for LMCAD, by PCI with any
stent(s) versus CABG, and reported clinical outcomes were included. Titles and
abstracts were first screened for inclusion. When eligible, full-text English articles
were subsequently reviewed independently by two authors (CA and DT). Predefined
exclusion criteria were: (i) conference abstracts, (ii) absence of a LMCAD popula-
tion, (iii) subgroups of patients with LMCAD, (iv) absence of effect estimates, (vi)
individual patient pooled analyses or (vii) systematic reviews. Incongruities were
resolved by agreement between two authors (CA and DT).

Data extraction

The following study details were extracted: year of publication, authors, journal,
number of patients (total, CABG, and PCI) and the number of included individual
randomized controlled trials (RCTs) and observational studies. Postoperative out-
comes with an effect estimate (hazard, odds, risk ratios or incidence rate ratios)
were extracted, along with the model used for analysis (fixed or random effects
model). “Combined long-term follow-up” is defined as meta-analyses reporting a
pooled event-rate at follow-up with varying durations (e.g. combination of 1, 3 and
5-year follow-up data).

Clinical outcomes that were extracted included major adverse cardiac (and cere-
brovascular) events (MAC(C)E), according to the definitions used by the individual
included meta-analyses, such as (i) death, stroke or myocardial infarction (MI) or as
(ii) death, stroke, MI or any form of repeat revascularisation (for example; target-
vessel revascularisation or ischemia-driven revascularisation All-cause mortality
rates were also extracted.

Study outcomes

The primary endpoint consisted of a summary of MAC(C)E and all-cause mortality
outcomes at combined long-term follow-up reported by meta-analyses published
after EXCEL and NOBLE. Additionally, a summary of MAC(C)E and all-cause mor-
tality outcomes at 1-year and combined long-term follow-up was provided for all
included meta-analyses. The present report had no intention to determine which
revascularisation strategy would be preferable for patients with LMCAD and rather
focused on providing an overview of the currently available literature. Therefore,
pooled outcomes of treatment effects are not provided.

Statistical analyses

Results are reported according to descriptive methods. All risk estimates reported,
reflect a “PCI versus CABG” comparison. When an included meta-analysis reported
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“CABG versus PCI” risk estimates, these were recalculated to represent “PCI versus
CABG” comparisons. Forest plots were used to visualize the spread of varying study
outcomes for MAC(C)E and all-cause mortality. Plots were constructed with Prism 8
(GraphPad Software, San Diego, CA, USA).

RESULTS

Study selection

The systematic search resulted in 402 articles. After excluding duplicates, screening
titles and abstracts, 128 articles remained for full text reading (Figure 1). Of these,
77 were excluded based on the pre-specified criteria. Finally, 51 meta-analyses were
included in the present study, of which 33 were published after EXCEL and NOBLE

(Table 1 and Supplementary Appendix Table S1).'"®!
.l Records identified through
< database searching
= (n=402)
b1
g
=
H
%)
=
Duplicate records removed
— (n=274)
ag
=
§ Records screened Records excluded
2 (n=128) (n=10)
v
— Full-text articles excluded
(n=177)
- Full-text articles assessed for + not in English (n=2)
= . . = no full text (n=3)
‘8 E]Iglblllty - conference abstract (n=48)
® (]1 = 128) - no left main subgroup (n=10)
w - only reporting on a subgroup of patients {n=5)
- no effect estimates reported (n=1)
- individual patient pooled analysis (n=6)
e — - other (n=2)
=]
2 . .
E Studies included in
E qualitative synthesis
(n=51)

L

Figure 1. Flowchart of the comprehensive systematic search for meta-analyses PCI versus CABG

in LMACD.
Abbreviations used: CABG; coronary artery bypass grafting, PCI; percutaneous coronary intervention, LMCAD:
left main coronary artery disease.
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Table 1. Study characteristics and outcomes by the included meta-analyses on PCI versus CABG
in LMCAD (n=51).

Follow up
duration
o
o
g
o 8
PCI CABG ¢ & E
Year Author Journal (n) m VEEAS MAC(C)E"
2018 Ali* Medicine (Baltimore) 10424 11408 X - - X  Stroke, death, MI or
revascularisation
2018 Benedetto®™ ] Thorac Cardiovasc * * - - - - X Death, MI or stroke
Surg
2018 Bertaina® ] Cardiovasc Med 8501 10813 - - - - X Death, MI, definite or
(Hagerstown) probable ST, TVR
2018 Cui® ] Geriatr Cardiol 6333 7797 - - - - X  Death, MI or stroke
2018 Khan® Heart Lung Circul 2349 2351 X X - X - MI, stroke, death or TVR
2018 Kodumuri®’ Am ] Cardiol 5017 5267 - - - - X Death, MI, stroke or RR
2018 Moore® Heart Lung Circul 2197 2197 - - - - X Death, MI or CVA
2018 Rahouma™ Ann. cardiothorac. 2349 2351 - - - - X Death, Ml stroke or RR
surg.
2018 Takagi® Catheter Cardiovasc 6009 6378 - - - - X  Death, MI and RRV
Interventions (with/without stroke)
2018 Verdoia®! Angiology 2297 2298 - - - - X Major Adverse
Cardiovascular Events*
2017 Bajaj** Eur Heart ] Qual 2349 2351 - X - - X Death, stroke, MI or RR
Care Clin Outcomes
2017 Chang® Ann Thorac Surg * * X X - - X Death, stroke, MI or TVR
2017 DeRosa® BMC Cardiovasc 2249 2250 - - - - X Death, stroke, MI or RR
Disord
2017 Gao™ Oncotarget 2297 2298 - X - - X Death, stroke, MI or RR
2017 Garg* Am ] Cardiol 2297 2298 - - - - X *
2017 Giacoppo®  JAMA Cardiol 2197 2197 - - - - X  Death, stroke or MI
2017 Khan* Am ] Cardiol 2349 2351 - X - - X Death, M] stroke or RR
2017 Khan* Am ] Cardiol 3197 3340 - - - X - Death, nonfatal MI,
stroke or RR
2017 Laukkanen®® Open Heart 2149 2351 X X - - X Death, MI, CVA or
stroke, or TVR
2017 Mahmoud® Catheter Cardiovasc 2349 2351 X X - - X  Death, MI, stroke or
Interventions revascularisation
2017 Palmerini® Am Heart ] 2347 2339 X - - - X Death, stroke, MI or UR
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. MAC(C)E" All-cause mortality
<
% 25 s
z22z5848:8
g 539 R Q Risk
g B E M BEO % ) i
% O »n a4 A A& Z K estimates 1 year Combined 1 Year Combined
524X - XX XX OR 1.22 0.83
(0.95-1.56) (0.60-1.15)
6 - X X X X XX IRR 0.99
(0.70-1.40)
6 20X X X X X X OR 1.10 0.94
(1.07-1.14) (0.89-1.00)
412X - - XXX HR 0.94 1.11
(0.86-1.03) (0.92-1.32)
6 - X XX X XX RR 1.15 0.67
(0.92-1.45) (0.43-1.06)
4 8 X - - XXX OR 1.23 0.97
(1.01-1.51) (0.74-1.26)
4 - X - - XXX OR 1.37 1.08
(1.18-1.58) (0.86-1.35)
6 - X XX X XX IRR 1.328 0.947
(1.114-1.582) (0.711-1.262)
517 X - X X X X HR 1.42 1.03
(1.28-1.58) (0.90-1.18)
5 - X - XX XX OR 1.16 0.88
(0.98-1.37) (0.60-1.29)
6 - X XX XXX RR 117 1.21 0.68 0.98
(0.941.44)  (1.05-1.40)  (0.44-1.06)  (0.78-1.25)
5 - X XXX - - RR 1.20 1.25 0.66 0.81
(0.941.54)  (1.05-1.49)  (0.38-1.15)  (0.62-1.08)
5 - XX - XXX OR 1.33 1.04
(1.12-1.58) (0.82-1.32)
5 - X - X XXX RR 1.15 1.26 0.70 1.05
(0.92-1.44)  (1.11-144)  (0.45-1.09)  (0.85-1.31)
5 - X - XX XX OR 1.01
(0.76-1.34)
4 - X - - XXX HR 1.06 1.04
(0.85-1.32) (0.81-1.33)
6 - X XX X XX HR 1.03 1.16 0.71 1.03
(0.69-1.52) (0.95-1.43) (0.47-1.06) (0.80-1.33)
4 5 X - - XXX OR
6 - X XX X XX HR 1.16 1.27 0.66 1.04
(0.94-1.44) (1.12-1.44) (0.42-1.04) (0.81-1.33)
6 - X XX X XX RR 1.21 1.19 0.76 0.94
(0.97-1.51) (1.01-1.41) (0.45-1.30) (0.73-1.22)
6 - X X X X XX OR 1.27 0.99
(1.12-1.45) (0.76-1.30)
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Table 1. Study characteristics and outcomes by the included meta-analyses on PCI versus CABG
in LMCAD (n=51). (continued)

Follow up
duration
PCI CABG 3 . 2
Year Author Journal m @ W=E&EANS MAC(C)E'
2017 Putzu® Int J Cardiol * * X X - - X Death, stroke or MI*
2017 Qian* Am ] Cardiol 2297 2298 - X - - X Study specific definitions
of MACCE'
2017 S&* Braz ] Cardiovasc 2297 2298 - X - - - Death, M], stroke or TVR
Surg
2017 Sardar* Am ] Cardiol 2303 2309 - X - - X Death, stroke,MI or any
revascularisation
2017 Shah* Am ] Cardiol 2349 2351 - X X X X Death, recurrent MI, RR
and stroke
2017 Sharma® Cardiovasc Ther 2349 2351 X X X X X Death, MI, stroke or
revascularisation
2017 Spinthakis* Int J Cardiol 2297 2298 - X X X - -
2017 Testa*® PLoS ONE 2347 2339 - X - - X  Death, stroke or MI
2017 Upadhaya” ] Card Surg 2297 2298 - - - - X Study specific definitions
of MACCE'
2017 Ye* Medicine (Baltimore) 2349 2351 - - - - X Death, MI, stroke and
revascularisation
2017 Zhang” BMC Med 10406 12081 - - - - X Death, M], stroke or RR
2016 Nerlekar®  Circ Cardiovasc 2297 2297 - X - - X Death, M, stroke, or RR
Interventions

Overview of characteristics on PCI versus CABG in LMCAD published by meta-analysis published after EXCEL
and NOBLE trial.

Risk estimates representing CABG versus PCI, provided by included meta-analyses, were recalculated to rep-
resent PCI versus CABG risk estimates. X =YES, - = NO. *this specific outcome was not specified in this meta-
analysis. "MAC(C)E was defined according to the study-specific definition used by the included meta-analysis.
*the correct reference was missing in the original meta-analysis.

Abbreviations used: CABG: coronary artery bypass grafting, CVA: cerebrovascular accident, PCI: percutaneous
coronary intervention, LMCAD: left main coronary artery disease, RCTs: randomized controlled trials, Obs.: Ob-
servational, Ref.: reference, LA: longest available follow-up, MI; myocardial revascularisation, RR/RRV; repeat
revascularisation, TVR: target vessel revascularisation, ST; stent thrombosis, OR: odds ratio, HR: hazard ratio,
RR: risk ratio, IRR: incidence rate ratio, UR: unplanned revascularisation.
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MAC(C)E' All-cause mortality
H
&
=% 2 8=
22235888
o 2 28 2Q Risk
o 2 E m o § Q X . . .
2 O »n 3 A A Z W estimates 1 year Combined 1 Year Combined
5 - X - XX XX OR 0.69 1.08
(0.44-1.10) (0.86-1.35)
5 - X - XX XX RR 1.14 1.27 0.78 1.05
(0.91-1.42) (1.13-1.43) (0.56-1.08) (0.83-1.34)
5 - X - XX XX RR 1.05 1.03
(0.82-1.36) (0.80-1.32)
5 - X - X XXX OR 0.73 1.36 0.71 1.03
(0.52-1.01) (1.18-1.57) (0.44-1.12) (0.79-1.35)
6 - X XX X XX RR 1.15 1.20 0.68 0.98
(0.91-1.44) (1.03-1.41) (0.44-1.06) (0.78-1.25)
6 - X XX X XX OR 1.15 1.36 0.67 1.06
(0.88-1.51) (1.18-1.58) (0.43-1.06) (0.82-1.38)
5 - X - XX XX OR 0.70
(0.44-1.12)
6 - X XXX XX OR 1.02 1.02 0.81 1.00
(0.76-1.36) (0.76-1.38) (0.63-1.03) (0.77-1.31)
5 - X - XX XX OR 1.36 1.03
(1.18-1.58) (0.78-1.35)
6 - X XXX XX RR 1.21 0.98
(1.05-1.40) (0.78-1.25)
622X XX X XX HR 1.42 1.05
(1.14-1.77) (0.92-1.20)
5 - X - XX XX OR 1.14 1.36 1.03
(0.86-1.49) (1.18-1.58) (0.78-1.35)
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Published meta-analyses

The number of published meta-analyses increased over the past decade, especially
after the publication of the randomized EXCEL and NOBLE trials (Figure 2).” ® Sev-
eral journals published more than one meta-analysis, with one journal publishing
10 meta-analyses on PCI versus CABG for LMCAD. Meta-analyses predominantly
reported risk estimates according to odds, risk or hazard ratios.

2016

50 - 2011 NOBLE 51
PRECOMBAT n=1201
% 2005 1n=600
<8 LE MANS
= 40 | n=105
=
= 2011
E Boudriot ef al.
] 2009 n=201
£ SYNTAX
= 30 4 s
-*]
=
o
=
=
2
%-' 20 -
s 16
5]
T
= 10 - 9
z 6
4
2
o mm e wm T | . ey N

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Years

Figure 2. Representation of published randomized clinical trials and meta-analyses on PCI ver-
sus CABG in LMCAD over the past decade. The red bars represent the amount of published meta-
analyses per year. The red curve represents the cumulative amount of published meta-analyses
over the past decade. The main randomized studies that published data on PCI versus CABG in
LMCAD are indicated by black lines and names with the intention-to-treat sample sizes.

Meta-analyses after EXCEL and NOBLE

Thirty-three meta-analyses were published after EXCEL and NOBLE. Of these, 32
included EXCEL and NOBLE in addition to results from 3 or 4 other RCTs in their
analysis. MAC(C)E outcomes, at combined long-term follow-up, were reported by 26
studies (Table 1, Figure 3), while 27 meta-analyses reported all-cause mortality at
combined long-term follow-up (Table 1, Figure 4).

Erasmus University Rotterdam Za‘{vu.g



Left-main revascularisation meta-analyses review

MAC(C)E - combined
including EXCEL + NOBLE
Favours PCI Favours CABG
Ali 2018 - A 1
Bertaina 2018 i
Kodumuri 2018 i
Moore 2018 A
Verdoia 2018 H—a—
De Rosa 2017 P
Palmerini 2017 P ——
Sardar 2017 G
Sharma 2017 —a—
Tesla 2017 , I |
Upadhaya 2017 A
Nerlekar 2016 ; —a—
0.5 1.0 1.5
0dds Ratio
n Bajaj 2017 { ——
a Gao 2017 P
5, Mahmoud 2017 ——
T:I Qian 2017 P ——
c Shah 2017 e
5] Ye 2017 f——
1
s 0.5 1.0 1.5
<5} Risk Ratio
= Cui 2018 —A—
Takagi 2018 —k—
Giacoppo 2017 ———
Khan 2017 —a—
Laukkanen 2017 [
Zhang 2017 P A 1
0.5 1.0 1.5
Hazard Ratio
Benedetto 2018 I l i
Rahouma 2018 P
05 10 15

Incidence Rate Ratio

Figure 3. Forest plot representation of MAC(C)E outcomes, at longest follow-up available, re-
ported by those meta-analyses published after the NOBLE and EXCEL trials. Risk estimates rep-
resent PCI versus CABG comparisons and were categorized according to: odds, risk, hazard and
incidence rate ratios. MAC(C)E was defined according to the study-specific definition used by
the included meta-analysis. Legend of shapes used: square: only randomized controlled trials,
triangle: randomized controlled trials plus observational studies. Size of a shape does not rep-
resent the study sample size nor the weight of a specific study. Black represents random-effect

meta-analyses, red fixed-effect meta-analyses.
Abbreviations used: CABG; coronary artery bypass grafting, PCI; percutaneous coronary intervention.
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All-cause mortality - combined
including EXCEL + NOBLE

Favours PCI Favours CABG

<

Ali 2018 I A — i
Bertaina 2018 "H
Kodumuri 2018 —A——1
Moore 2018 —.—
Verdoia 2018 L L i
De Rosa 2017 -
Garg 2017 b ] i
Palmerini 2017 |_._|
Putzu 2017 i
Sardar 2017 C - {
Sharma 2017 I i 1
Testa 2017 —
Upadhaya 2017 I L |
Nerlekar 2016 k - J
8 03 Odds] (l)latio '
g‘ Bajaj 2017 I—I—l
'C_‘G Gao 2017 I
o Mahmoud 2017 P—l—‘—i
® Qian 2017 -
o] Shah 2017 i
® Ye 2017 . — — .
= 0.5 1.0 15
Risk Ratio
Cui 2018 R
Takagi 2018 ——
Giacoppo 2017 '—"-—|
Khan 2017 o
Laukkanen 2017 !
Zhang 2017 ——
0.5 1.0 15
Hazard Ratio
Rahouma 2018 b . i
0.5 1.0 1.5

Incidence Rate Ratio

Figure 4. Forest plot representation of all-cause mortality outcomes, at longest follow-up avail-
able, reported by those meta-analyses published after the NOBLE and EXCEL trials. Risk estimates
represent PCI versus CABG comparisons and were categorized according to: odds, risk, hazard
and incidence rate ratios. Legend of shapes used: square: only randomized controlled trials, tri-
angle: randomized controlled trials plus observational studies. Size of a shape does not represent
the study sample size nor the weight of a specific study. Black represents random-effect meta-

analyses, red fixed-effect meta-analyses.
Abbreviations used: CABG; coronary artery bypass grafting, PCI; percutaneous coronary intervention.
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Meta-analyses that included the same RCTs (SYNTAX, Boudriot et al., PRECOMBAT,
EXCEL, NOBLE with/without LE MANS) reported varying sample sizes, ranging from
4594 to 4700 patients, while the overall intention-to-treat population consists of
4595 patients (5 RCTs) and 4700 (5 RCTs plus LE MANS, respectively) (Table 1). Eleven
meta-analyses reported MAC(C)E risk estimates at combined long-term follow-up
varying from 0.99 (95%CI: 0.70-1.40) to 1.36 (95%CI: 1.18-1.58), although the compos-
ite of MAC(C)E differed among trials. MAC(C)E-specific definitions used by the vari-
ous trials are reported in the Supplementary Appendix (Table S2). Ten meta-analyses
reported risk estimates of all-cause mortality at combined long-term follow-up, vary-
ing from 0.94 (95%CIL: 0.73-1.22) to 1.06 (95%CI:0.82-1.38). Two meta-analyses that
also included observational data reported similar outcomes as compared studies

51,54

only including RCTs.

Published meta-analyses over the past decade

Since 2009, 41 meta-analyses reported MAC(C)E outcomes (Table S1). Of those, 33
reported outcomes at combined long-term follow-up (Figure S1) and 22 reported
outcomes at 1-year (Table 1, Figure S2). All-cause mortality, at combined long-term
follow-up, was reported by 38 meta-analyses (Table S1, Figure S3). Twenty-seven
studies reported all-cause mortality at 1-year (Figure S4). Meta-analyses that only
included RCTs reported similar all-cause death outcomes compared with those
including also observational data.

DISCUSSION

Fifty-one meta-analyses covering the exact same topic were identified, and of these,
33 emerged over the past three years after the publications of the randomized
EXCEL and NOBLE trials. Sixteen meta-analyses were published from 2009 to 2013
and this number more than doubled (n=35) from 2014 to 2018. While this study did
not perform a meta-analysis of meta-analyses and had no intention on determining
the preferred revascularisation strategy for LMCAD, it systematically reviewed the
abundancy of meta-analyses on PCI versus CABG in LMCAD over the past decade.
Interestingly, the reported outcomes differed between meta-analyses due to sev-
eral methodological reasons. Although meta-analyses (should) aim to present the
highest level of evidence, there are multiple shortcomings which are summarized

below.” ¢ 3

There were methodological limitations in the design of many meta-analyses. The

reported sample-sizes varied without explanation. Several studies combined the in-
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tention-to-treat populations with as-treated populations. Many (n=38) meta-analyses
report all-cause mortality at long-term follow-up, while the duration of follow-up
differed significantly between trials. The SYNTAX trial for instance, reported 5-year
follow-up, while EXCEL reported 3-year follow-up. Inclusion of studies with different
follow-up durations could result in an under- or overestimation of the outcome, as
it is well known that risk differences of MI and repeat revascularisation diverge over
time, favoring CABG.>”-* % ® This is most evident in the landmark analysis of the
EXCEL trial for the composite endpoint of death, stroke or MI: 0-30 days (HR: 0.61
(95% CI: 0.42-0.88)) versus >30 days -3 year (HR: 1.44 (95% CI: 1.06-1.96)).” *

Additionally, the statistical models used in the meta-analyses differed. Besides
reporting various effect-measures, meta-analyses either used a randome-effect or a
fixed-effect model. A fixed-effect model assumes that the treatment-effect is similar
across studies, while a random-effect model accounts for differences in treatment
effect, study populations or follow-up length.” Some of the meta-analyses that
included SYNTAX, Boudriot et al., PRECOMBAT, EXCEL and NOBLE used a random-
effect model while others used a fixed-effect model. Moreover, meta-analyses that
included observational studies, with substantial variations in follow-up time and
patients baseline characteristics, used a fixed-effect model.

Finally, composite outcomes with different definitions were pooled. The definitions
of MAC(C)E differed among SYNTAX®, EXCEL’, and NOBLE (Table S2)°, but some
meta-analyses did not take into account these differences in the composite end-
points. This, however, is crucial information for both patient and physicians when
deciding on the preferred treatment.

To diminish the overlap in future meta-analyses, it is recommended to register the
rationale and protocol of a new meta-analysis at an online registration platform.*
Finally, a preferable alternative for performing a meta-analysis is to conduct an in-
dividual patient data pooled analysis.®>”° Pooling individual patient data overcomes
the different methods of reporting and analyzing data by individual studies. It has
the advantage to use all available raw patients characteristics, account for missing
variables, use accurate follow-up data and a standardized statistical method for
analysis.®
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CONCLUSION

The present study identified 51 meta-analyses covering the exact same topic of PCI
versus CABG revascularisation in patients with LMCAD. With the publications of
longer-term follow-up of the SYNTAX and EXCEL trials, one could anticipate an-
other surge of meta-analyses. To ensure high quality studies and reduce overlapping
publications, we call on all authors, editors and reviewers to critically appraise the
evidence already available and use online meta-analyses registration platforms to
avoid potential overlap. Collaborating and focusing research capacities, by conduct-
ing individual patient data pooled analyses could enable us to work more efficiently
and ensure reporting the highest quality of available evidence.
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SUPPLEMENTARY MATERIALS

Detailed description of the used search terms

The following search terms was used in the Embase database: “(‘percutaneous
coronary intervention’/fexp OR ‘stent’/exp OR ‘coronary stenting’/exp OR ((percu-
tan* NEAR/6 (interven* OR approach* OR revascul*)) OR stent* OR pci):ab,ti) AND
(‘coronary artery bypass graft’/exp OR ‘coronary artery bypass surgery’/de OR ‘bypass
surgery’/de OR ‘coronary artery surgery’/de OR ‘off pump coronary surgery’/de OR
‘heart muscle revascularisation’/de OR (revascularisation/de AND surgery/de) OR
(bypass* OR shunt* OR graft* OR cabg OR (revascular* NEAR/3 (surg* OR myocard* OR
muscl®))):ab,ti) AND (‘left coronary artery’/de OR ((left NEAR/3 (coronar* OR main*))
OR Imca OR ulcma):ab,ti) AND (‘meta analysis’/exp OR ‘meta analysis (topic)’/de
OR ‘systematic review’/de OR ‘systematic review (topic)’/de OR (((meta OR pooled)
NEAR/3 analys*) OR metaanalys* OR (systematic* NEAR/3 review*)):ab,ti)”.

The search term for the Medline Ovid database was as follows: “(exp Percutaneous
Coronary Intervention/ OR exp Stents/ OR ((percutan* ADJ6 (interven* OR approach*
OR revascul*)) OR stent* OR pci).ab,ti.) AND (exp Coronary Artery Bypass/ OR Myo-
cardial Revascularization/ OR (bypass* OR shunt* OR graft* OR cabg OR (revascular*
ADJ3 (surg® OR myocard* OR muscl*))).ab,ti.) AND (((left ADJ3 (coronar* OR main*)) OR
Imca OR ulcma).ab,ti.) AND (Meta-Analysis as Topic/ OR Meta-Analysis | OR (((meta
OR pooled) ADJ3 analys*) OR metaanalys* OR (systematic* ADJ3 review")).ab,ti.)”.

Finally, the following search term was used for the Cochrane database: “(((percu-
tan* NEAR/6 (interven* OR approach* OR revascul*)) OR stent* OR pci):ab,ti) AND
((bypass* OR shunt* OR graft* OR cabg OR (revascular* NEAR/3 (surg* OR myocard*
OR muscl*))):ab,ti) AND (((left NEAR/3 (coronar* OR main*)) OR Imca OR ulcma):ab,ti)
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SUPPLEMENTAL TABLE

Table S1. Study characteristics and outcomes by the included meta-analyses on PCI versus CABG
in LMCAD (n=51).

Follow up
duration
b5
Total E
patients PCI CABG 3 > B
Year Author Journal (n) N N WEEA S MAC(C)E'
2018 Alietal’ Medicine (Baltimore) 21832 10424 11408 X - - - X Stroke,
death, MI or
revascularisation
2018 Benedetto ] Thorac Cardiovasc 4654 * * - - - - X Death, Mlor
etal.? Surg stroke
2018 Bertainaet ] Cardiovasc Med 19314 8501 10813 - - - - X Death, MI,
al® (Hagerstown) definite or
probable ST, TVR
2018 Cuietal* ] Geriatr Cardiol 14130 6333 7797 - - - - X Death, MIor
stroke
2018 Khanetal® Heart Lung Circul 4700 2349 2351 X X - X - MI, stroke, death
or TVR
2018 Kodumuri  Am ] Cardiol 10284 5017 5267 - - - - X Death, M], stroke
et al.® or RR
2018 Moore etal.” Heart Lung Circul 4404 2197 2197 - - - - X Death, Ml or CVA
2018 Rahouma Ann. cardiothorac. 4700 2349 2351 - - - - X Death, MI, stroke
etal.® surg. or RR
2018 Takagietal’ Catheter Cardiovasc 12387 6009 6378 - - - - X Death, MIand
Interventions RRV (with/
without stroke)
2018 Verdoia et Angiology 4595 2297 2298 - - - - X Major Adverse
al.’® Cardiovascular
Events*
2017 Bajajetal' Eur Heart ] Qual 4700 2349 2351 - X - - X Death, stroke, MI
Care Clin Outcomes or RR
2017 Chang et Ann Thorac Surg 2343 * * X X - - X Death, stroke, MI
al.” or TVR
2017 De Rosaet  BMC Cardiovasc 4499 2249 2250 - - - - X Death, stroke, MI
al.’ Disord or RR
2017 Gaoetal™  Oncotarget 4595 2297 2298 - X - - X Death, stroke, MI
or RR
2017 Gargetal.® Am J Cardiol 4595 2297 2298 - - - - X *
2017 Giacoppo et JAMA Cardiol 4394 2197 2197 - - - - X Death, stroke
al.’® or MI
2017 Khanetal'” Am J Cardiol 4700 2349 2351 - X - - X Death, M], stroke
or RR
2017 Khanetal'® Am ] Cardiol 6637 3197 3340 - - - X - Death, nonfatal
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MAC(C)E" All-cause mortality
g
Z z 5 Z 'é % oo
pre :E g SE28  Risk
) m o E Qo X . . .
2 O &»h 8 A A Z K estimates 1 year Combined 1 Year Combined
524X - XX XX OR - 1.22 - 0.83
(0.95-1.56) (0.60-1.15)
6 - X XX X XX IRR - 0.99 -
(0.70-1.40)
6 20X X X X X X OR - 1.10 - 0.94
(1.07-1.14) (0.89-1.00)
412X - - XXX HR - 0.94 - 1.11
(0.86-1.03) (0.92-1.32)
6 - X X X X XX RR 1.15 - 0.67 -
(0.92-1.45) (0.43-1.06)
4 8 X - - XXX OR - 1.23 - 0.97
(1.01-1.51) (0.74-1.26)
4 - X - - XXX OR - 1.37 - 1.08
(1.18-1.58) (0.86-1.35)
6 - X XX X XX IRR - 1.328 (1.114- - 0.947 (0.711-
1.582) 1.262)
517X - X X X X HR - 1.42 - 1.03
(1.28-1.58) (0.90-1.18)
5 - X - XXXX OR - 1.16 - 0.88
(0.98-1.37) (0.60-1.29)
6 - X XX X XX RR 117 1.21 0.68 0.98
(0.94-1.44) (1.05-1.40) (0.44-1.06) (0.78-1.25)
5 - XXXX - - RR 1.20 1.25 0.66 0.81
(0.94-1.54) (1.05-1.49) (0.38-1.15) (0.62-1.08)
5 - XX - XXX OR 1.33 1.04
(1.12-1.58) (0.82-1.32)
5 - X - XXXX RR 1.15 1.26 0.70 1.05
(0.92-1.44) (1.11-1.44) (0.45-1.09) (0.85-1.31)
5 - X - XXXX OR - - - 1.01
(0.76-1.34)
4 - X - - XXX HR - 1.06 - 1.04
(0.85-1.32) (0.81-1.33)
6 - XXX XXX HR 1.03 1.16 0.71 1.03
(0.69-1.52) (0.95-1.43) (0.47-1.06) (0.80-1.33)
4 5 X - - XXX OR - - - -
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Table S1. Study characteristics and outcomes by the included meta-analyses on PCI versus CABG
in LMCAD (n=51). (continued)

Follow up

duration
T
Total E
patients PCI CABG & > B

Year Author Journal (n) N (N) WaehsS MAC(C)E"

2017 Laukkanen Open Heart 4700 2149 2351 X X - X Death, MI, CVA

etal.” or stroke, or TVR

2017 Mahmoud et Catheter Cardiovasc 4700 2349 2351 X X - - X Death, MI,

al® Interventions stroke or
revascularisation

2017 Palmerini et Am Heart ] 4686 2347 2339 X - - - X Death, stroke, MI

al? or UR

2017 Putzuetal® Int] Cardiol 4595 * * X X - - X Death, stroke
or MI*

2017 Qianetal® Am ] Cardiol 4595 2297 2298 - X - - X Study specific
definitions of
MACCE"

2017 Sdetal* Braz J Cardiovasc 4595 2297 2298 - X - - - Death, M], stroke

Surg or TVR

2017 Sardar et Am ] Cardiol 4612 2303 2309 - X - - X Death,
al.® stroke,MI or any
revascularisation

2017 Shahetal® Am ] Cardiol 4700 2349 2351 - X X X X Death, recurrent
MI, RR and
stroke

2017 Sharma et Cardiovasc Ther 4700 2349 2351 X X X X X Death, MI,

al? stroke or
revascularisation

2017 Spinthakis Int J Cardiol 4595 2297 2298 - X X X - -

et al.®

2017 Testa et al.” PLoS ONE 4686 2347 2339 - X - - X Death, stroke
or MI

2017 Upadhayaet JCard Surg 4595 2297 2298 - - - - X Study specific

al® definitions of
MACCE’

2017 Yeetal™ Medicine (Baltimore) 4700 2349 2351 - - - - X Death, MI,
stroke and
revascularisation

2017 Zhangetal” BMC Med 22487 10406 12081 - - - - X Death, MI, stroke
or RR

2016 Nerlekaret Circ Cardiovasc 4594 2297 2297 - X - - X Death, MI,

al® Interventions stroke, or RR
2014 Al Alietal®* JACC Cardiovasc 1506 757 749 - - - - X -
Interv
2014 Benedetto ] Thorac Cardiovasc 1611 809 802 - - - - X*
et al.® Surg
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MAC(C)E" All-cause mortality
[
—
ZE25% ¢ g B
o 4 E é T8R23 Risk
Qo 2 moQ E Q X . . .
MO »n A A Z K estimates 1 year Combined 1 Year Combined
6 - X XX XXX HR 1.16 1.27 0.66 1.04
(0.94-1.44) (1.12-1.44) (0.42-1.04)  (0.81-1.33)
6 - X XX XXX RR 1.21 1.19 0.76 0.94
(0.97-1.51) (1.01-1.41) (0.45-1.30)  (0.73-1.22)
6 - X X XX XX OR - 1.27 - 0.99
(1.12-1.45) (0.76-1.30)
5 - X - X XXX OR - - 0.69 1.08
(0.44-1.10)  (0.86-1.35)
5 - X - X XXX RR 1.14 1.27 0.78 1.05
(0.91-1.42) (1.13-1.43) (0.56-1.08)  (0.83-1.34)
5 - X - XXXX RR 1.05 - 1.03 -
(0.82-1.36) (0.80-1.32)
5 - X - XXXX OR 0.73 1.36 0.71 1.03
(0.52-1.01) (1.18-1.57) (0.44-1.12)  (0.79-1.35)
6 - X XX X XX RR 1.15 1.20 0.68 0.98
(0.91-1.44) (1.03-1.41) (0.44-1.06) (0.78-1.25)
6 - X X XX XX OR 1.15 1.36 0.67 1.06
(0.88-1.51) (1.18-1.58) (0.43-1.06)  (0.82-1.38)
5 - X - X XXX OR - - 0.70 -
(0.44-1.12)
6 - X X XX XX OR 1.02 1.02 0.81 1.00
(0.76-1.36) (0.76-1.38) (0.63-1.03)  (0.77-1.31)
5 - X - X XXX OR - 1.36 - 1.03
(1.18-1.58) (0.78-1.35)
6 - X XXX XX RR - 1.21 - 0.98
(1.05-1.40) (0.78-1.25)
622X X X X XX HR - 1.42 - 1.05
(1.14-1.77) (0.92-1.20)
5 - X - XXXX OR 1.14 1.36 - 1.03
(0.86-1.49) (1.18-1.58) (0.78-1.35)
3 - X - XX - - OR - - - 1.08
(0.75-1.57)
4 - X XXX - - OR - 1.39 - 0.79
(1.09-1.77) (0.54-1.15)
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Table S1. Study characteristics and outcomes by the included meta-analyses on PCI versus CABG
in LMCAD (n=51). (continued)

Follow up
duration
i
Total E
patients PCI CABG & > B
Year Author Journal (n) N (N) WaehsS MAC(C)E"
2013 Alam etal®  Circ] 11148 4814 6334 X X - X - Death, stroke, MI
or RR
2013 Athappan et JACC Cardiovasc 14203 7055 7148 - X X X - Death, stroke or
al”’ Interventions nonfatal MI
2013 Bittletal®  Circulation 4574 2059 2515 - X X - - -
2013 Caoetal.®*® ] Thorac Cardiovasc 5628 2490 3138 X X - - X Death, stroke, MI
Surg or RR
2013 Deschetal* Herz 1611 809 802 - - - - X Death, stroke, MI
or RR
2013 Lietal* Trials 8413 3682 4731 X X - - X Death, MIor
cerebrovascular
events
2013 Sd et al.* Eur J Cardiothorac 5674 2331 3343 - X - - - Death, stroke, MI
Surg or TVR
2012 Jangetal*®  Am ] Cardiol 5079 2107 2972 - X - - - Death, stroke, MI
or TVR
2012 Jiangetal* Am ] Cardiol 7230 2696 4534 - - - - X Death, stroke, MI
or TVR
2012 Kajimotoet JCard Surg 2601 1303 1298 - X - - - Death, stroke, MI
al.® or TVR
2011 Capodanno ] Am Coll Cardiol 1611 809 802 - X - - - Death, stroke, MI
et al.* or TVR
2011 Zheng et Cardiology 5479 2351 3128 X X X X X Death, stroke
al¥’ or MI
2010 Leeetal*®  Am ] Cardiol 2905 1236 1669 - X - - - -
2010 Takagi et J Thorac Cardiovasc 2841 1198 1643 - - - - X -
al.® Surg
2009 Naik etal.®® JACC Cardiovasc 3773 1659 2114 - X X - - Death, stroke
Interventions or MI
2009 Takagi et J Thorac Cardiovasc 2181 1006 1175 - - - - X Death, stroke, MI
al® Surg or RR

Overview of characteristics reported by all included meta-analyses on PCI versus CABG in LMCAD. Meta-anal-
yses that were published after the EXCEL and NOBLE trials are highlighted in green. Those meta-analyses that
were published prior to the EXCEL and NOBLE publications are highlighted in red.

Risk estimates representing CABG versus PCI, provided by included meta-analyses, were recalculated to rep-
resent PCI versus CABG risk estimates. X =YES, - = NO. *this specific outcome was not specified in this meta-
analysis. "MAC(C)E was defined according to the study-specific definition used by the included meta-analysis.
*the correct reference was missing in the original meta-analysis.

Abbreviations used: CABG: coronary artery bypass grafting, CVA: cerebrovascular accident, PCI: percutaneous
coronary intervention, LMCAD: left main coronary artery disease, RCTs: randomized controlled trials, Obs.: Ob-
servational, Ref.: reference, LA: longest available follow-up, MI; myocardial revascularisation, RR/RRV; repeat
revascularisation, TVR: target vessel revascularisation, ST; stent thrombosis, OR: odds ratio, HR: hazard ratio,
RR: risk ratio, IRR: incidence rate ratio, UR: unplanned revascularisation.
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MAC(C)E" All-cause mortality
[
—
z g ﬁ E 'g g =
== S0 =2d Risk
g 2 E mBZOoR s ] -
MO »n A A Z K estimates 1 year Combined 1 Year Combined
423X X X X - - OR 1.22 1.30 0.69 0.87
(0.94-1.58) (1.10-1.55) (0.49-0.97) (0.71-1.08)
321X - XX - - OR 0.938 (0.659- - 0.792 (0.528- -
1.337) 1.193)
4 8 X XXX - - OR - - 1.00 (0.72- -
1.40)
311X X X - - - RR 1.53 1.57 0.71 0.84
(1.23-1.89) (1.29-1.89) (0.54-0.95)  (0.70-1.02)
4 - X XXX - - RR - - 0.34 0.74
(0.09-1.24)  (0.46-1.19)
317X - X X - - RR - - 0.80 0.79
(0.63-1.02)  (0.71-0.87)
313X - XX - - OR 1.607 - 0.691 -
39X - XX - - OR 0.70 - 0.68 -
(0.49-1.00) (0.45-1.02)
- 25- - - - - - RR - 1.22 - 0.72
(0.89-1.68) (0.52-1.00)
3 -X -XX - - OR - 1.81 - 1.09
(1.43-2.33) (0.71-1.67)
4 - X XXX - - OR 1.276 (0.950- - 0.741 (0.427- -
1.715) 1.284)
213X - X - - - OR 0.95 0.71
(0.63-1.43) (0.50-1.03)
26 X - X - - - OR 1,40
(0.81-2.39)
-7 - - - - - - HR 1.35
(1.04-1.75)
2 8X X - - - - OR 0.84 1.00
(0.57-1.22) (0.70-1.41)
15 - X - - - - RR 0.68 0.99
(0.32-1.46) (0.69-1.43)
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Table S2. MAC(C)E definitions used by the six included randomized trials.

Randomized Years of Patients randomly MAC(C)E definition

Controlled inclusion allocated to:

Trial PCI CABG

SYNTAX 2005-2007 357 348 death from any cause, stroke, myocardial
infarction, or repeat revascularisation

LE MANS 1997-2008 52 53 any cause, myocardial infarction, stroke,
target lesion revascularisation (TLR), or acute
stent thrombosis

Boudriot et al. 2003-2009 100 101 death from any cause, myocardial infarction,
and the need for repeat revascularisation

PRECOMBAT 2004-2009 300 300 death from any cause, myocardial infarction,
stroke, and ischemia-driven target-vessel
revascularisation

EXCEL 2010-2014 948 957 death, stroke, or myocardial infarction

NOBLE 2008-2015 598 603 death from any cause, non-procedural

myocardial infarction, repeat
revascularisation or stroke

The MAC(C)E-specific definitions of the major randomized controlled trials are reported in the current table.
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Figure S1. Forest plot representation of MAC(C)E outcomes, at longest follow-up available, reported by
all included meta-analyses.

Risk estimates represent PCI versus CABG comparisons and were categorized according to: odds, risk, hazard
and incidence rate ratios. MAC(C)E was defined according to the study-specific definition used by the included
meta-analysis. Legend of shapes used: square: only randomized controlled trials, triangle: randomized con-
trolled trials plus observational studies, circle: only observational. Size of a shape does not represent the study
sample size nor the weight of a specific study. Black represents random-effect meta-analyses, red fixed-effect
meta-analyses. Abbreviations used: CABG; coronary artery bypass grafting, PCL; percutaneous coronary inter-
vention.
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Figure S2. Supplemental Material. Forest plot representation of MAC(C)E outcomes, at 1 year, reported

by all included meta-analyses.

Risk estimates represent PCI versus CABG comparisons and were categorized according to: odds, risk, hazard
and incidence rate ratios. Legend of shapes used: square: only randomized controlled trials, triangle: random-
ized controlled trials plus observational studies. Size of a shape does not represent the study sample size nor
the weight of a specific study. Black represents random-effect meta-analyses, red fixed-effect meta-analyses.
MAC(C)E was defined according to the study-specific definition used by the included meta-analysis. Abbrevia-

tions used: CABG; coronary artery bypass grafting, PCI; percutaneous coronary intervention.
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All-cause mortality - combined
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Figure S3. Forest plot representation of all-cause mortality outcomes, at combined long-term follow-up,
reported by all included meta-analyses.

Risk estimates represent PCI versus CABG comparisons and were categorized according to: odds, risk, hazard
and incidence rate ratios. Legend of shapes used: square: only randomized controlled trials, triangle: random-
ized controlled trials plus observational studies, circle: only observational. Size of a shape does not represent
the study sample size nor the weight of a specific study. Black represents random-effect meta-analyses, red
fixed-effect meta-analyses. Abbreviations used: CABG; coronary artery bypass grafting, PCI; percutaneous coro-
nary intervention.
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All-cause mortality - 1 year
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Figure S4. Supplemental Material. Forest plot representation of all-cause mortality outcomes, at 1 year,
reported by all included meta-analyses.

Risk estimates represent PCI versus CABG comparisons and were categorized according to: odds, risk, hazard
and incidence rate ratios. Legend of shapes used: square: only randomized controlled trials, triangle: random-
ized controlled trials plus observational studies. Size of a shape does not represent the study sample size nor
the weight of a specific study. Black represents random-effect meta-analyses, red fixed-effect meta-analyses.
Abbreviations used: CABG; coronary artery bypass grafting, PCI; percutaneous coronary intervention.
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