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EDITORIAL COMMENT

Coronary Bypass Surgery Versus
Percutaneous Coronary Intervention
in Left Main and Multivessel Disease
Incremental Data—How Do We Apply It?*
John W. Hirshfeld, JR, MD, Paul N. Fiorilli, MD

I

s coronary artery bypass grafting (CABG) superior

alternative to CABG in multivessel or left main coro-

to percutaneous coronary intervention (PCI) for

nary disease for selected patients with numerous

revascularization for left main and multivessel

qualiﬁcations and caveats.

coronary disease?

Despite 25 years of randomized trial clinical

The development and reﬁnement of coronary

research, the PCI versus CABG choice remains a

stents created the possibility that stents could ach-

complex clinical judgment challenge that should be

ieve coronary revascularization as effectively and

informed by outcomes data. It is challenging to study

durably as CABG. However, group data from ran-

with randomized trials due to the number and

domized trials have shown consistently that CABG

complexity of variables that affect outcomes, as well

confers a modest long-term survival superiority

as the relatively small effect sizes, which require large

compared with PCI, particularly for certain patient

datasets to generate sufﬁcient statistical power for

subsets (such as patients with diabetes mellitus) and

meaningful analysis (particularly of subgroups). The

a substantially decreased requirement for repeat

effort required to enroll subjects is substantial. Thus,

revascularization (1–6).

although any successfully completed large trial

The substantially more noxious experience for the

deserves great respect, there is a continual desire for

patient undergoing CABG as compared with PCI

larger study populations to permit greater statistical

drives an ongoing search to deﬁne a role for PCI in the

power for analysis.

left main and multivessel disease patient pop-

SEE PAGE 2481

ulations. This search seeks to identify patient characteristics for which PCI is either equivalent or,

The

study

reported

in

this

issue

of

JACC:

potentially, the preferred revascularization modality.

Cardiovascular Interventions by Lee et al. (9) provides

The 2011 American College of Cardiology/American

incremental information to guide case selection

Heart Association/Society For Cardiovascular Angi-

between PCI and coronary bypass surgery. They

ography and Interventions Guidelines for Percuta-

combined data from 3 contemporary randomized tri-

neous Coronary Intervention (7) and the 2014

als that used similar patient populations, study

European

designs,

Society

of

Cardiology

Guidelines

on

Myocardial Revascularization (8) endorse PCI as an

and

data

elements—SYNTAX

(Synergy

between Percutaneous Coronary Intervention with
Taxus and Cardiac Surgery) (10), BEST (Randomized
Comparison of Coronary Artery Bypass Surgery and

*Editorials published in JACC: Cardiovascular Interventions reﬂect the

Everolimus-Eluting Stent Implantation in the Treat-

views of the authors and do not necessarily represent the views of JACC:

ment of Patients With Multivessel Coronary Artery

Cardiovascular Interventions or the American College of Cardiology.
From the Cardiovascular Medicine Division, Hospital of the University of
Pennsylvania, Philadelphia, Pennsylvania. Both authors have reported

Disease) (4) and PRECOMBAT (Bypass Surgery Versus
Angioplasty Using Sirolimus-Eluting Stent in Patients

that they have no relationships relevant to the contents of this paper to

With Left Main Coronary Artery Disease) (5)—to

disclose.

assemble a large (n ¼ 3,280) patient population
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randomized between PCI or CABG. The methodology

important contributors to the difference between the

permitted incorporating the primary data from the 3

left main and multivessel disease cohort. The recently

individual trials into a single data set enabling a

reported EXCEL (Evaluation of XIENCE Everolimus

patient-level rather than a trial-level meta-analysis.

Eluting Stent Versus Coronary Artery Bypass Surgery

Accordingly, in addition to its primary outcome

for Effectiveness of Left Main Revascularization) (11)

ﬁnding, its statistical power provides one of the best

and LeftMain NOBLE (Coronary Artery Bypass Graft-

estimates available for overall group outcomes and

ing Vs Drug Eluting Stent Percutaneous Coronary

permits some subgroup exploration.

Angioplasty in the Treatment of Unprotected Left

Consistent with earlier studies, they found primary

Main Stenosis) (12) trials (both of left main disease)

endpoint (combined all cause death, myocardial

found similarly greater trends in their PCI cohorts

infarction and stroke) superiority for CABG over PCI at

toward late-occurring myocardial infarction and

the 5-year follow-up (CABG: 13%; PCI: 16%; p ¼ 0.046).

death.

Of particular interest, the primary outcome event rate

The better outcomes demonstrated for CABG in the

was mainly driven by a greater frequency of late

multivessel disease cohort, particularly in the cohort

myocardial infarction in the PCI group, which was

with high SYNTAX scores, is thought provoking and

statistically signiﬁcant on its own (CABG: 3.1%; PCI:

may have implications for case selection in this pop-

6.7%; p ¼ 0.001). The point estimates for death from

ulation. The left main cohort may have been less

any cause (CABG: 8.7%; PCI: 10.3%; p ¼ 0.20) and

technically challenging anatomically to treat with PCI

death from cardiac causes (CABG: 4.9%; PCI: 6.5%;

than the multivessel cohort. This suggests that

p ¼ 0.07) trended in favor of CABG.

patients who require multilesion treatment and who

Although the study’s ﬁnding of CABG superiority

are challenging to treat anatomically by PCI are more

for the overall population is striking, does it mean

likely to achieve a successful and durable revascu-

that that CABG is overall superior to PCI in the entire

larization by CABG. Consequently, they may enjoy a

multivessel and left main population? Or, within this

better outcome if treated surgically. The ongoing

population, are there cohorts for whom PCI is either

greater frequency of myocardial infarction over the

equivalent or potentially superior to CABG? This is

5-year follow-up emphasizes the greater vulnerability

the core question for clinicians seeking to make an

of PCI patients to late adverse events, particularly to

optimal recommendation to a particular patient. Does

the increased risk of restenosis and late stent

this study provide insight into subgroup outcomes,

thrombosis as the number and complexity of treated

which can be applied to guide case selection for PCI

sites increases.

versus

CABG

within

this

large,

heterogeneous

population?

It is also noteworthy that CABG and PCI event rates
were similar in diabetics and nondiabetics. This

This study population’s characteristics are skewed

ﬁnding is unexplained and is inconsistent with mul-

somewhat toward higher risk for PCI (27% had a

tiple earlier trials (including SYNTAX, whose data are

SYNTAX score $33) and toward lower risk for CABG

included in this study cohort) (10,13) and the large

(82% had a EuroSCORE [European System for Cardiac

FREEDOM trial (Future Revascularization Evaluation

Operative Risk Evaluation] <6); both group charac-

in Patients with Diabetes Mellitus: Optimal Manage-

teristics that would favor CABG over PCI. Major

ment of Multivessel Disease), which included 1900

subgroup analysis conﬁrmed the previously demon-

patients with diabetes with increased all-cause 5-year

strated progressive advantage of CABG over PCI with

mortality in the PCI group (PCI: 16.3%; CABG, 10.9%;

increasing anatomic SYNTAX score. In particular,

p ¼ 0.046) (3). This disparity in results between the

(as was found in the SYNTAX trial) CABG and PCI

current study and earlier trials in diabetic patients

outcomes were equivalent in subjects with anatomic

requires further clariﬁcation.

SYNTAX scores <22.

This study is complementary to an analysis recently

Two important subgroup ﬁndings are that CABG

published in JACC: Cardiovascular Interventions by

performed better than PCI for patients with multi-

Sotomi et al. (14), in which the SYNTAX Score II was

vessel disease without left main involvement (CABG:

applied to the combined BEST and PRECOMBAT

11.6%; PCI: 17.3%; p ¼ 0.001), but not for patients with

datasets. The SYNTAX Score II, which was developed

left main disease (CABG: 15.1%; PCI: 14.7%; p ¼ 0.46).

from the SYNTAX dataset, predicts mortality only as an

As was the case with late myocardial infarction, both

endpoint (does not include myocardial infarction and

outcome differences emerged at 6 months post-

stroke) and has separate prediction algorithms for PCI

procedure and continued to widen progressively.

and CABG. It is noteworthy that the SYNTAX Score II

This suggests that stent thrombosis, restenosis, and,

algorithms for PCI and CABG incorporate very

possibly, untreated lesion progression may have been

different variables. Based on SYNTAX Score II risk

2491
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prediction for both PCI and CABG, the Sotomi et al. (14)

improves the performance of PCI, the equipoise range

study identiﬁed 3 patient cohorts: PCI preferred, CABG

of the 2 techniques may expand, making PCI an

preferred, and equipoise. It found poorer outcomes in

appropriate treatment for a larger fraction of left main

patients assigned to the not-preferred therapy. The

and multivessel disease patients.

Lee et al. (9) study is congruent with the Sotomi et al.

Clinicians confronting revascularization modality

study, demonstrating superior performance of CABG

choices between PCI and CABG for patients with left

in advanced anatomic disease, which would be more

main and multivessel coronary disease are responsible

likely to score as CABG preferred with the SYNTAX

to make careful case selection choices informed by

Score II algorithm.

outcomes data. The Lee et al. study and other com-

It is possible that the PCI performance represented

parisons of PCI to CABG for left main and multivessel

in this trial is not optimal state of the art and that PCI

coronary disease are expanding progressively the un-

outcomes could be improved by more reﬁned lesion

derstanding of the relative roles for PCI and CABG in

selection. The FAME 2 (Fractional Flow Reserve

this large, complex, and heterogeneous patient popu-

versus Angiography for Multivessel Evaluation) trial

lation. We can apply these ﬁndings to increase the

(15) demonstrated convincingly that, for PCI, it is

sophistication and accuracy with which we identify

detrimental to treat stenoses that are not important

the optimal treatment strategy for individual patients.

functionally. Thus, it is possible that in the SYNTAX,
BEST, and PRECOMBAT trials, the performance of PCI
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