The left main controversy: is this a real subgroup requiring bespoke clinical
recommendations?
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Central Message: Left main disease is not a defined biological or statistically discrete subgroup of

patients in the current studies, and clinical recommendations on multivessel disease should
apply to patients with left main disease.

Central Picture. Meta-analytic estimates for all-cause mortality pooling the EXCEL and NOBLE
trials.

For three decades, coronary artery bypass grafting (CABG) has been the standard of care for
patients with left main coronary artery stenosis (LMCAS), a practice based on trials which
showed improved survival compared to medical management 1. The Synergy between
percutaneous coronary intervention (PCI) with Taxus and Cardiac Surgery (SYNTAX) trial was the
first large trial to compare PCI with CABG in the treatment of coronary artery disease 2. The
SYNTAX protocol included a pre-specified exploratory analysis in the subgroup of patients with
LMCAS that was underpowered for the primary composite endpoint of all-cause mortality,
stroke, myocardial infarction and repeat revascularisation. This subgroup comparison was null at
5-years and generated the hypothesis that, in patients with low and medium coronary disease
complexity, the two treatments may achieve similar outcomes 3. This hypothesis was tested in
the Evaluation of XIENCE versus Coronary Artery Bypass Surgery for Effectiveness of Left Main
Revascularization (EXCEL) and Nordic-Baltic-British left main revascularisation (NOBLE) trials 4, 5.
The two trials used different primary composite endpoints 6 and found qualitatively different
results. In brief, EXCEL reported no statistically significant difference between CABG and PCI at 5year follow-up in the primary composite outcome of death from any cause, stroke, or myocardial
infarction (including perioperative and spontaneous events). Importantly, all-cause mortality
curves diverged in favor of CABG and the difference was nominally significant at 5 years follow
up 7. NOBLE reported a significant advantage of CABG for the primary composite endpoint of allcause mortality, non-procedural myocardial infarction, repeat revascularisation, and stroke at 5years, without significant difference in all-cause mortality (although the event rate was low and
the confidence interval wide)8.

Results from these and other trials have been used to underpin clinical guideline
recommendations which have considered LMCAS as a separate entity from the rest of the
coronary artery disease spectrum 9, 10. However, the differences in the primary composite
outcomes and in the definition of myocardial infarction, with EXCEL adopting an untested
primary definition that penalizes surgery in contrast to the best evidence Universal Definition of
myocardial infarction 11, as well as a controversy on the validity of the EXCEL trial findings 12, 13,
raised doubts on the interpretation of the trial findings and elicited a debate in the
cardiovascular community. The European Association for Cardio-Thoracic Surgery (EACTS)
withdrew support to the 2018- Myocardial Revascularisation guideline recommendations for the
treatment of LMCAS14. EACTS took the decision due to a range of scientific, statistical and
professional issues raised in the conduct of the EXCEL trial and the guideline process 14. Other
international societies have joined the quest for open data and underlined the importance of
transparent analyses 15, 16.
In this issue of The Journal of Thoracic and Cardiovascular Surgery, Gallo and colleagues add to
the available evidence a trial-level analysis of 5 randomized trials (including SYNTAX, NOBLE and
EXCEL) comparing CABG and PCI in the treatment of patients with LMCAS17,. The authors report
lower early risk of stroke with PCI, but lower risk of repeat revascularization and myocardial
infarction with CABG in the first 5 years of follow-up, without statistically significant difference in
mortality (although the pooled estimate numerically favors CABG at 5 years). The results are
consistent with another, widely publicized, recently published trial-level meta-analysis 18.
An appropriate approach to address the controversy would be to establish whether current
evidence supports the premise that LMCAS is a separate entity within the coronary artery

disease spectrum, thus requiring a bespoke clinical treatment strategy. For this to be true, we
would require LMCAS to be a defined biological and statistical subgroup.
A recent patient level meta-analysis by Head et al is enlightening 19. The authors included 11,518
patients (4478 with LMCAS) from 11 randomised trials of CABG vs PCI including SYNTAX, EXCEL
and NOBLE with a mean follow up of 3.8 years to compare the all-cause mortality between CABG
and PCI. Head and colleagues found a significant survival disadvantage for PCI over CABG for the
overall cohort (hazard ratio [HR] 1.20, 95% confidence interval [CI] 1.06 to 1.37; p=0.004). A
careful evaluation of the subgroup analysis reveals that LMCAS could not be described as a
statistically separate entity, as comparison for treatment effect between the main cohort and
the subgroup with LMCAS was not significant (P for interaction= 0.12)20 which suggests that a
recommendation for this clinical scenario should reflect the overall results of the study .
Suggesting that LMCAS is a separate entity is further complicated, because in most reported
trials the majority of patients with LMCAS also have coronary disease affecting other vessels and
the incidence of isolated LMCAS is only between 12.9% and 14.6% 7, 21, 22, rates which seem to be
reflected in real world clinical practice 23. Head et al also described that there was a significant
overlap between LMCAS and multivessel disease in their analysis 22.
In summary, LMCAS is rarely a discrete biological entity, and it is unclear what mechanisms might
be considered associated with treatment effect modifications in patients who have LMCAS (most
often alongside multi-vessel disease) compared to patients with other forms of coronary artery
disease.
As isolated LMCAS is an uncommon clinical entity, it would be challenging, and likely impossible,
to design clinical trials for this group with clinically relevant endpoints.

In summary, the population studied in trials of LMCAS does not reflect a defined biological or
statistically discrete subgroup of patients. This suggests that we should not pursue clinical
recommendations for the treatment of isolated LMCAS, but instead should apply the
recommendations of the combined left main and multivessel coronary disease to this group,
which in patients with acceptable surgical risk favors CABG.
The results of randomised trials reflect both the effects of treatment and crucially the play of
chance (the way in which patients are allocated between treatment groups). In low-powered
circumstances, chance may lead to substantial numerical differences between estimated
treatment effects, as in the difference between NOBLE and EXCEL all-cause mortality at 5 years.
Composite outcomes can increase the number of available events and thus strengthen the
conclusions. The 5 years composite outcome results for both NOBLE (HR 1.58, 95% CI 1.24 to
2.01; p=0·0002) and EXCEL (when the unpublished Universal Definition is used12: HR 1.40, 95% CI
1.09 to 1.81; p= 0.009) are significantly in favor of CABG.
It has been proposed that meta-analysis of the LMCAS trials could be helpful in resolving the
controversy. Unfortunately, this approach would address only part of the problem, allowing an
examination of the results of the LMCAS subgroup, but not an analysis of the role of LMCAS
among patients with multivessel coronary disease. Instead, an appropriate methodological
approach would include all trials for PCI versus CABG and use multivariable analyses to examine
the interaction of different disease characteristics, including LMCAS, with treatment on the
outcome.
Also, as neutral results in the earlier underpowered trials led to the LMCAS hypothesis being
tested in NOBLE and EXCEL, including those hypothesis-forming trials in any meta-analysis is a

source of selection bias. A pooled analysis should include only the confirmatory trials (NOBLE
and EXCEL). The results of this analysis (using the published EXCEL data) are provided in the
Central Picture and show superiority of CABG for mortality at 5 year follow up; this is, at the
moment, the best available answer to the LMCAS controversy.
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