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Approximately 30-60% of patients with acute coronary
syndrome present with multiple significant coronary
lesions and patients with multivessel CAD have worse
prognosis including significant increase in death or MI
when compared with patients with single vessel CAD (1).
Similarly, in patients with stable ischemic heart disease,
multivessel CAD portends worse prognosis when compared
with patients with single vessel CAD (2).

The treatment of multivessel CAD includes contemporaneous
medical therapy with or without revascularization (3). While
revascularization improves prognosis in patients with acute
coronary syndromes (4), the benefit of routine revascularization
for reducing myocardial infarction and all-cause mortality
in patients with stable CAD remains controversial (5-7). In
symptomatic patients, revascularization provides for more
rapid relief of angina (8). Coronary artery bypass graft (CABG)
surgery, percutaneous coronary intervention (PCI) or hybrid
coronary revascularization are options for revascularization in
patients with CAD (Tible 1). While in the diabetic population
CABG has been shown to have superior clinical outcomes
compared to PCI in a recent randomized trial (9), the
optimal revascularization strategy in nondiabetics remains
controversial.

To address this question, Chang ez /. (10) performed a
patient level pooled analysis from the SYNTAX (Synergy
between PCI with Taxus and Cardiac Surgery) (11) and
the BEST (Randomized Comparison of Coronary Artery
Bypass Surgery and Everolimus-Eluting Stent Implantation
in the Treatment of Patients with Multivessel Coronary
Artery Disease) trials (12), and evaluated the effects of
CABG versus PCI with drug eluting stents (DES) on

© Journal of Thoracic Disease. All rights reserved.

jtd.amegroups.com

the long-term mortality in nondiabetics with multivessel
disease. The primary end point was death from any cause.
The secondary outcomes were a composite of death,
myocardial infarction, or stroke; myocardial infarction;
stroke; or any repeat revascularization.

The SYNTAX trial was a prospective, multicenter,
randomized controlled trial, which evaluated the comparative
efficacy of CABG versus PCI with Taxus stent among
patients with triple vessel disease and or left main disease (11).
The trial had a power of 96% to show non-inferiority
between PCI and CABG for the primary end point of
MACCE (composite of all-cause death, MI, stroke or repeat
revascularization), assuming a 12-month MACCE of 13.2% for
CABG and 14% for PCI, with a sample size of 1,800 patients.
At 12 months, the achieved event rate for MACCE was
significantly lower with CABG (12.4%) when compared
with PCI (17.8%) driven by significant reduction in repeat
revascularization. These results were sustained out to 5-years
(event rates 26.9% vs. 37.3%; P<0.001). However, the trial
was not powered for the endpoint of death. There was
no difference in the endpoint of death between PCI and
CABG at 1 year (event rates 4.4% vs. 3.5%; P=0.37) or at
S-year (event rates 13.9% vs. 11.4%; P=0.10). The strengths
of the trial are enrollment of the target sample size,
adequate power for MACCE, and high usage of arterial
grafts in the CABG group with 97.3% receiving at least
one arterial graft and 95.6% receiving an arterial graft to
the left anterior descending artery. The limitations are the
lower rates of complete revascularization with PCI when
compared with CABG (56.7% vs. 63.2%; P=0.005) and use
of the Taxus stent, which is considered inferior to current
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Table 1 Indications for revascularization in multivessel coronary artery disease per the American College of Cardiology/American Heart

Association guidelines

Anatomic setting Current official recommendation LOE
Unprotected left main or complex CAD
CABG and PCI |—Heart team approach recommended C
CABG and PCI lla—Calculation of STS or SYNTAX scored
Unprotected left main
CABG | B
PCI lla—For SIDH when both of the following are present B
e Anatomic condition associated with low risk of PCI procedural complications and a high likelihood of
good long term outcome (e.g., low SYNTAX score <22, ostial or trunk left main CAD);
¢ (Clinical characteristics that predict a significantly increased risk of adverse surgical outcomes (e.g.,
STS predicted risk of operative mortality =5%)
lla—For UA/NSTEMI if not a CABG candidate
lla—For STEMI when distal coronary flow is TIMI flow grade <3 and PCI can be performed more rapidly and C
safely than CABG
llb—For SIHD when both of the following are present: B
e Anatomic conditions associated with a low to intermediate risk of PCI procedural complications and
an intermediate to high likelihood of good long-term outcome (e.g., low intermediate SYNTAX score of
<33, bifurcation left main CAD;
e (Clinical characteristics that predict an increased risk of adverse surgical outcomes (e.g., moderate-severe
COPD, disability from prior stroke, or prior cardiac surgery. STS predicted risk of operative mortality >2%)
Ill: Harm—For SIHD in patients with unfavorable anatomy for PCI and who are good candidates for CABG B
3-vessel disease with or without proximal LAD artery disease*

CABG | B
lla—It is reasonable to choose CABG over PCI in patients with complex 3V CAD (e.g., SYNTAX score >22) B
who are good candidates for CABG

PCI llb—Of uncertain benefit B

2-vessel disease with proximal LAD artery disease”

CABG | B

PCI llb—Of uncertain benefit B

2-vessel disease without proximal LAD disease*

CABG lla—With extensive ischemia
llb—Of uncertain benefit without extensive ischemia C
llb—Of uncertain benefit

1-vessel proximal LAD artery disease
CABG lla—With LIMA for long term benefit B
PCI llb—Of uncertain benefit B

Table 1 (continued)
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Table 1 (continued)

Dwivedi and Bangalore. PCl or CABG for multivessel disease

Anatomic setting Current official recommendation LOE
1 vessel disease without proximal LAD artery involvement
CABG lIl: Harm B
PCI lIl: Harm B
LV dysfunction
CABG lla—EF 35% to 50% B
CABG llb—EF <35% without significant left main CAD B
PCI Insufficient data
Survivors of sudden cardiac death with presumed ischemia mediated VT
CABG |
PCI | C
No anatomic or physiologic criteria for revascularization
CABG Ill: Harm B
PCI lIl: Harm B

*, In patients with multivessel disease who also have diabetes, it is reasonable to choose CABG (with LIMA) over PCI (class lla; LOE: B).
CABG indicates coronary artery bypass graft; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; COR, class
of recommendation; EF, ejection fraction; LAD, left anterior descending; LIMA, left internal mammary artery; LOE, level of evidence; LV,
left ventricular; N/A, not applicable; PCI, percutaneous coronary intervention; SIHD, stable ischemic heart disease; STEMI, ST-elevation
myocardial infarction; STS, Society of Thoracic Surgeons; SYNTAX, Synergy between Percutaneous Coronary Intervention with TAXUS
and Cardiac Surgery; TIMI, thrombolysis in myocardial infarction; UA/NSTEMI, unstable angina/non-ST-elevation myocardial infarction;

UPLM, unprotected left main disease; VT, ventricular tachycardia.

day standards. The rate of repeat revascularization with PCI
in the SYNTAX trial was 13.5% at 12 months and 25.9%
at 5 years. Moreover, the rate of definite or probable stent
thrombosis was 3.3% at 12 months and 5.5% at 5 years.
PCI has considerably advanced since the first generation
DES era and studies have shown that the newer generation
DES reduces restenosis, stent thrombosis, death or MI
when compared with older generation DES or BMS (13,14).
The applicability of SYNTAX trial to contemporary
practice of PCI is therefore debatable.

The BEST trial was subsequently designed to evaluate
the comparative efficacy of CABG versus PCI with newer
generation DES (everolimus eluting stent) in patients
with multivessel disease (12). It was a prospective, open-
label, randomized trial evaluating the primary end point of
composite of death, myocardial infarction, or target-vessel
revascularization (MACCE) at two years. Assuming a 12%
incidence of primary endpoint (MACCE) at 2 years with
CABG and using a non-inferiority margin of 4%, the trial
had 80% power to detect non-inferiority between PCI and
CABG with a sample size of 1,776 patients. However due
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to slow enrollment, the trial was prematurely terminated
after only 880 patients. The achieved control event rate
was 11% for CABG at 2 years. The results demonstrated
no significant difference between PCI and CABG for the
primary end point at 2 years (11.0% vs. 7.9%; P=0.32). The
authors concluded that PCI with everolimus-eluting stents
was non-inferior to CABG. However, at long-term follow-up
of 4.6 years, the primary end point occurred significantly
more frequently with PCI (15.3% vs. 10.6%; P=0.04),
driven by higher rate of target-vessel revascularization
in the PCI group (7.1% vs. 3.8%; P=0.03). There was no
significant difference between the two groups for death
(6.6% vs. 5.0%; P=0.30) or MI (4.8% vs. 2.7%; P=0.10).
Strengths of this trial are the use of contemporary DES
and high usage of arterial grafts (99.3%) with CABG.
However, there are significant limitations of this study. The
study enrolled less than 50% of intended target and thus
is severely underpowered even for the composite primary
outcome, let alone for the individual endpoints of death
or for MI. Moreover, there was lower rates of complete
revascularization with PCI when compared with CABG
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Figure 1 Choosing between percutaneous coronary intervention

and coronary artery bypass graft surgery for nondiabetic patients
with multivessel disease. ST, short term; LT, long term. *, in those

with incomplete revascularization.

(50.9% vs. 71.5%; P<0.001).

Thus the above two studies were not powered for the
outcome of death. Can combining the results of the above
studies provide adequate power for the outcome of death?
The authors in the current study attempted to do just that
by a patient level analysis of the SYNTAX and BEST trial
with the primary end point being all cause mortality. In
this study, among 1,275 patients (638 in CABG arm and
637 in PCI arm) followed up for a median of 61 months,
CABG resulted in significantly less number of deaths from
any cause compared to PCI (6% wvs. 9.3%; HR: 0.65; 95%
CI: 0.43 to 0.98; P=0.039), cardiovascular death (HR: 0.41;
95% CI: 0.25 to 0.78; P=0.005), MI (HR: 0.40; 95% CI: 0.24
to 0.65; P<0.001), and repeat revascularizations (HR: 0.55;
95% CI: 0.40 to 0.75; P<0.001). Although CABG had
a higher rate of stroke than PCI, the difference was not
statistically significant (HR: 1.13; 95% CI: 0.59 to 2.17;
P=0.714). When stratified by the SYNTAX score, there
was no significant difference in patients with low SYNTAX
score (0-22) for all-cause mortality (6% vs. 7.5%; P=0.60).
Whereas in patients with intermediate (23-32) to high (>33)
SYNTAX scores mortality was significantly lower in the
CABG group (7.1% vs. 11.6%; P=0.02).

Does this study provide ironclad evidence to support
CABG instead of PCI for all nondiabetic patients with
multivessel disease? Unfortunately the answer is a
resounding no. The SYNTAX trial is no longer relevant to
contemporary practice as multiple trials and Meta analyses
have shown that Taxus stent is inferior to 2™ generation
DES. Although the BEST trial is relevant, the trial was
severely underpowered even for the composite endpoint.
Moreover, combining BEST and SYNTAX does not add to
the 2™ generation DES group.

In conclusion, while the authors aim to answer an
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important question, the combination of these two non-
ideal datasets (for reasons mentioned above), lends inherent
limitations to interpretation of the results. So what evidence
do we have while choosing the optimal revascularization
strategy for our patients with multivessel CAD? Compared
with the first-generation DES used in the SYNTAX study,
second-generation DES have thinner struts, thinner and
more biocompatible polymer which cause less inflammation
and reduce the risk of restenosis and stent thrombosis by
promoting faster vessel healing. As such, second generation
DES have been shown to reduce the risk of death, MI,
and stent thrombosis compared to bare metal and first
generation DES (14-17). In this context, a well powered
randomized trial comparing the best of CABG (complete
revascularization with multi arterial grafts) versus best
of PCI (complete functional revascularization with 2™
generation DES) would ideally provide the relevant answer.
In the absence of such a trial, data from non-randomized
studies offer important insights-albeit being hypothesis
generating only.

In a recent meta-analysis of 68 randomized trials with
24,015 diabetic patients CABG was compared to PCI
with first and second generation DES (18). The results
found that while first generation DES were associated
with significantly increased mortality compared to
CABG, second generation DES were not associated with
a statistically significant increase in mortality, reflecting a
diminishing mortality gap between PCI and CABG with
contemporary stents. Moreover, analyses of data from New
York State registries comparing PCI (angioplasty and first
generation DES) with CABG have demonstrated superior
survival with CABG (19-21). However, a propensity
matched analysis of 18,446 patients comparing EES (second
generation DES) versus CABG for multivessel CAD found
similar risk of death among the two groups (3.1% vs. 2.9%;
HR: 1.04; 95% CI: 0.93 to 1.17; P=0.50) at 2.9 years (22).
Although PCI was associated with a significantly higher
risk of MI (1.9% ws. 1.1%; HR: 1.51; 95% CI: 1.29 to 1.77;
P<0.001) and repeat revascularization (7.2% wvs. 3.1%; HR:
2.35;95% CI: 2.14 to 2.58; P<0.001), the PCI group had a
significantly lower risk of stroke (0.7% vs. 1.0% per year;
HR: 0.62; 95% CI: 0.50 to 0.76; P<0.001). Additionally, the
short-term outcomes (in hospital or <30 days) favored PCI
with lower risk of death (0.6% vs. 1.1%; HR: 0.49; 95%
CI: 0.35 to 0.69; P<0.001) and stroke (0.2% vs. 1.2%; HR:
0.18; 95% CI: 0.11 to 0.29; P<0.001) (Figure I). Notably,
in patients who underwent complete revascularization with
PCI, there was no difference between PCI and CABG for
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MI. Based on the existing data it appears that with newer
generation stents, the difference in mortality between
PCI and CABG is perhaps narrowing. It should not be
forgotten that with time, the surgical success and technique
of CABG has also progressed. Thus, there is a dire need for
adequately powered randomized trials comparing second-
generation DES with CABG to evaluate the efficacy in the
current era. Until then, careful decision should be made
with a ‘Heart-team’ approach taking into account the
patient characteristics, the anatomy of the lesions, ability to
completely revascularize with PCI and patient preference.
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