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ABSTRACT

BACKGROUND Treatment of multivessel coronary artery disease with traditional single-arterial coronary artery bypass
graft (SA-CABG) has been associated with superior intermediate-term survival and reintervention compared with
percutaneous coronary intervention (PCl) using either bare-metal stents (BMS) or drug-eluting stents (DES).

OBJECTIVES This study sought to investigate longer-term outcomes including the potential added advantage of
multiarterial coronary artery bypass graft (MA-CABG).

METHODS We studied 8,402 single-institution, primary revascularization, multivessel coronary artery disease patients:
2,207 BMS-PCI (age 66.6 + 11.9 years); 2,381 DES-PCI (age 65.9 + 11.7 years); 2,289 SA-CABG (age 69.3 + 9.0 years);
and 1,525 MA-CABG (age 58.3 + 8.7 years). Patients with myocardial infarction within 24 h, shock, or left main stents
were excluded. Kaplan-Meier analysis and Cox regression were used to separately compare 9-year all-cause mortality and
unplanned reintervention for BMS-PCl and DES-PCI to respective propensity-matched SA-CABG and MA-CABG cohorts.

RESULTS BMS-PCl was associated with worse survival than SA-CABG, especially from O to 7 years (p = 0.015) and to a
greater extent than MA-CABG was (9-year follow-up: 76.3% vs. 86.9%; p < 0.001). The surgery-to-BMS-PCl hazard
ratios (HR) were as follows: versus SA-CABG, HR: 0.87; and versus MA-CABG, HR: 0.38. DES-PCI showed similar survival
to SA-CABG except for a modest O to 3 years surgery advantage (HR: 1.06; p = 0.615). Compared with MA-CABG,
DES-PCI exhibited worse survival at 5 (86.3% vs. 95.6%) and 9 (82.8% vs. 89.8%) years (HR: 0.45; p <0.001).
Reintervention was substantially worse with PCI for all comparisons (all p <0.001).

CONCLUSIONS Multiarterial surgical revascularization, compared with either BMS-PCI or DES-PCI, resulted in sub-
stantially enhanced death and reintervention-free survival. Accordingly, MA-CABG represents the optimal therapy for
multivessel coronary artery disease and should be enthusiastically adopted by multidisciplinary heart teams as the best
evidence-based therapy. (J Am Coll Cardiol 2015;66:1417-27) © 2015 by the American College of Cardiology Foundation.
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ABBREVIATIONS
AND ACRONYMS

BMS = bare-metal stent(s)

CABG = coronary artery bypass
graft

CAD = coronary artery disease
CI = confidence interval

DES = drug-eluting stent(s)
HR = hazard ratio

LAD = left anterior descending

LITA = left internal thoracic
artery

MA-CABG = multiarterial
coronary artery bypass graft

PCI = percutaneous coronary
intervention

SA-CABG = single-arterial
coronary artery bypass graft

he choice of optimal coronary revas-

cularization method, particularly in

the case of multivessel coronary ar-
tery disease (CAD), is a vigorously debated
question that is of considerable importance
to patients, clinicians, regulatory agencies,
as well as third-party payers (1-6). Des-
pite multiple methodological drawbacks of
the related comparative studies (7), the
near-uniform equivalence of long-term sur-
vival (~5 years) with coronary artery bypass
graft (CABG) or percutaneous coronary inter-
vention (PCI) has resulted in a dramatic in-
crease in the rate of PCI at the expense of a
substantial decrease in CABG volumes. Over
the past decade, this debate has intensified
with the introduction of drug-eluting stents
(DES) as the new standard of care for PCI
given their well-documented reduced reste-

nosis rates and associated need for target vessel

revascularization as compared with the rates of reste-
nosis and target vessel revascularization for bare-
metal stents (BMS) (8). Counterintuitively, however,
the lower target vessel revascularization rates have

not resulted in improved long-term survival or
myocardial infarction rates with DES in most trials
(9). This is while a number of “real-world” observa-
tional studies in multivessel CAD patients have sug-
gested improved long-term mortality with DES
(e.g., 9-12).

SEE PAGE 1428

Randomized controlled trials (1,5,6,13) and large

observational studies (8-10,14,15) focusing on multi-
vessel CAD have uniformly associated CABG with

significantly less need for coronary reinterventions,
and most suggest modestly enhanced intermediate
survival for CABG versus either DES-PCI or BMS-PCI.
Moreover, the magnitude of the CABG advantage
seems to depend on the extensiveness of the coro-
nary disease and is largest for higher complexity cases
with intermediate or high SYNTAX (Synergy Between
Percutaneous Coronary Intervention With TAXUS and
Cardiac Surgery) scores (5,8). Notably, this reported
superiority of CABG is based on predominantly
“conventional” single arterial coronary artery bypass
graft (SA-CABG) as the preferred surgical method.
SA-CABG, achieved mostly with the left internal
thoracic artery (LITA) to left anterior descending
(LAD) graft plus additional vein grafts, is the most
common form of bypass surgery, but it may likely

represent

suboptimal surgical strategy. Indeed,

compelling evidence has rapidly accumulated over
the past decade suggesting a second arterial graft
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(i.e., multiarterial coronary artery bypass graft [MA-
CABG]), most commonly involving the right internal
thoracic artery or radial artery, improves intermedi-
ate and long-term outcomes substantially compared
with those of SA-CABG (16-29).

Presently, there are no comparing
intermediate-to-late outcomes (>5 years) of the pre-
sumed best percutaneous approach, or DES-PCI, to

studies

that of the presumed optimal surgical revasculariza-
tion strategy, or MA-CABG. We thus have studied the
hypothesis that, in patients with multivessel CAD,
MA-CABG surgery will substantially and significantly
extend the mortality and reintervention outcomes
advantage observed with conventional SA-CABG over
that of PCI, irrespective of stent type (BMS or DES). If
true, such a finding has the potential to substantially
reshape the debate regarding the optimal choice for
treatment of multivessel CAD.

METHODS

STUDY POPULATION. These patients were derived
from prospectively collected cardiac surgery (1994 to
2011) and interventional cardiology (1998 to 2009)
clinical databases at Mount Sinai Beth Israel Medical
Center (New York, New York). These databases are
collected and reported in accordance with the re-
quirements of the New York State Department of
Health Reporting Systems. The institutional review
board approved this study. The informed consent
requirement was waived.

DESIGN OVERVIEW. In this retrospective analysis,
patients were included if undergoing their first,
nonemergency, coronary revascularization (PCI or
CABG) for multivessel CAD. All patients had signifi-
cant LAD disease and, in cases of CABG, must have
received a LITA-LAD graft and a minimum of 2 bypass
grafts. PCI patients were included only if =1 stent
was successfully implanted. Alternatively, patients
were excluded from the study in cases of previous
coronary revascularization by CABG (n = 1,236) or PCI
(n = 2,327), single vessel disease (n = 4,014), no LAD
disease (n = 2,462), cardiogenic shock (25 PCI, 7
CABG), any myocardial infarction within 1 day of
intervention (729 PCI, 60 CABG), if left main coronary
stenting in cases of PCI (n = 112), or no stent PCI (226
failed PCI, 494 balloon angioplasty). Study-eligible
patients were identified from a pool of 16,732
unique patients (11,999 PCI and 4,733 isolated CABG
with LITA-LAD graft) and divided into 4 treatment
groups: BMS-PCI; DES-PCI; SA-CABG; and MA-CABG.
PCI patients receiving both DES and BMS stents
were included in DES-PCI cohort. All MA-CABG in this
study received =1 radial artery grafts in addition to a
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LITA-LAD graft with or without additional vein
grafts.

OUTCOMES AND FOLLOW-UP. All cause-mortality
and repeat coronary reintervention (PCI or CABG)
=9 years after index primary revascularization
were analyzed. Late all-cause mortality data were
secured at the institution’s patient follow-up and
verified from recurrent twice annual (last in April
2012) queries of the U.S. Social Security Death Index
database. Given the frequent use of planned staged
PCI to treat multivessel CAD, the first planned rein-
tervention was not considered an outcome event. A
planned-staged PCI was defined as a nonemergency
procedure occurring within 6 weeks of primary PCI
and where new target vessels are revascularized.
Note, in such patients, a second repeat PCI (third
overall) was counted as a reintervention event.

STATISTICAL ANALYSIS. The 4 PCI and CABG treat-
ment study cohorts exhibited substantial demo-
graphic and risk factor differences (Table 1) that
confound between-groups outcome comparisons. As a
primary approach to obtain risk-adjusted PCI versus
CABG outcome comparisons, we used propensity
score matching—applied to 2 treatment groups at
a time—to derive balanced demographic and risk
factor subcohorts. Specifically, 4 matched patient-pair
groups (1 PCI, 1 CABG) were based on propensity
score models calculated separately for BMS-PCI and
SA-CABG, BMS-PCI and MA-CABG, DES-PCI and
SA-CABG, and DES-PCI and MA-CABG.

All propensity models considered PCI as treatment
for the calculation of probability of PCI via non-
parsimonious logistic multivariate models using 21
demographics and preoperative risk factors. Left main
disease was not included in the propensity model
given its relative rarity in PCI-treated patients versus
CABG-treated (5% Vvs. 32%) so as not to severely limit
the matching of patients. A 1-to-1 greedy propensity
score matching was obtained in each case and always
to the closest available score and within +1% differ-
ence. Patient factors for matched patient groups were
compared to ensure matching adequacy defined as
standardized differences <10% for all continuous and
categorical variables (30).

Continuous data were expressed as mean =+ SD.
When applicable, univariate comparisons were done
with chi-square or Fisher exact tests for categorical
variables and the unpaired Student t test or the
nonparametric Mann-Whitney U test for continuous
variables. All-cause mortality and reintervention-free
survival comparisons were done via Kaplan-Meier
analysis (log-rank test) on the matched subcohorts.
The corresponding risk-adjusted hazard ratios (HR)
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TABLE 1 Selected Patient Demographic, Comorbidity, and

PCI and CABG Subcohorts

Coronary Revascularization Method

Operative/Procedural Data Compared Across the Baseline (Pre-Matching)

Ejection fraction, % 51 +12 54 +12 48 +13

BMS-PCI DES-PCI SA-CABG MA-CABG
(n=2207) (n=2381) (n=2289) (n=1525)
Categorical variables
Male 62.9 63.4 66.4 80.3
BMI category, kg/m?
<18 1.0 11 0.7 0.5
18-24.99 235 24.0 30.9 233
25-29.99 411 39.6 40.2 40.5
30-34.99 22.0 223 20.2 23.0
35-39.99 8.4 85 6.1 8.9
=40 4.1 4.4 1.9 3.8
Obese 34.4 35.2 28.2 35.7
CCS classification
1 2.0 0.6 2.0 2.2
2 20.9 30.1 4.5 71
3 51.4 64.6 30.9 36.9
4 25.0 3.2 62.7 53.8
Previous Ml (>1 day) 36.7 19.4 55.6 44.7
Hypertension 60.1 62.0 74.7 62.5
COPD 71 35 323 17.4
Diabetes 33.8 395 39.8 37.0
Congestive heart failure 10.7 5.8 17.6 7.0
Creatinine >2.5 mg/dl 2.1 3.0 5.4 1.0
Renal dialysis 23 2.6 31 0.3
3-vessel disease 47.9 51.8 833 90.0
2-vessel disease 52.1 48.2 16.7 10.0
Left main disease 4.7 55 333 28.4
Elective 43.4 60.1 221 24.2
Urgent 56.6 39.9 77.9 75.8
Off-pump CABG 4.0 1.8
Outcomes
Reintervention, =1 38.5 44.6 9.5 10.2
In-hospital death 0.5 0.2 17 0.3
Continuous variables
Age, yrs 66.6 +11.9 659 +11.7 693+9.0 583+87
Height, cm 166 £ 10 166 + 10 166 + 10 170 =10
Weight, kg 79 £17 79 +£18 77 £ 15 8317
BMI, kg/m? 287+56 288+58 27.7+50 289+53
BSA, m? 1.90 £ 0.24 1.90 + 0.24 1.88 £ 0.22 1.97 +£ 0.23

51+12

Values are % or mean =+ SD.
BMI = body mass index; BMS = bare-metal stent(s); BSA = body surface area; CABG

PCI = percutaneous coronary intervention; SA = single-arterial.

= coronary

artery bypass graft; CCS = Canadian Cardiovascular Society; COPD = chronic obstructive pul-
monary disease; DES = drug-eluting stent(s); MA = multiarterial; Ml = myocardial infarction;

(with and without 95% confidence intervals [CIs])
relating the different treatments, including the po-
tential residual effect of left main disease (not
included in propensity models), were estimated by
proportional hazard Cox regression for the entire
9-year follow-up as a form of time-averaged treat-
ment effect. Additionally, given evidence of non-
proportional hazards for the entire 9-year follow-up
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period, we repeated a time-segmented Cox regression
based on time cutoffs of 3 and 4.5 years for SA-CABG
and MA-CABG, respectively. Lastly, a confirmatory
analysis was done in all patients to ascertain the HR
for the same pairwise comparisons using compre-
hensive multivariate risk adjustment via Cox regres-
sion (Table 1). A 2-sided p value of <0.05 was used to
indicate significance. Statistical analysis was con-
ducted with SPSS software (version 22, IBM, Armonk,
New York).

RESULTS

A total of 8,402 multivessel CAD patients undergoing
their primary revascularization were study-eligible
and distributed as follows: BMS-PCI (n = 2,207; age
66.6 + 11.9 years); DES-PCI (n = 2,381; age 65.9 + 11.7
years); SA-CABG (n = 2,289; age 69.3 & 9.0 years); and
MA-CABG (n = 1,525; age 58.3 + 8.7 years). Patient
characteristics differed substantially for the different
revascularization method cohorts (Table 1). Notably,
MA-CABG patients were younger and more were male
(80.3%), reflecting a practice selection; however, this
has changed over the study period with both the
median age (57.2 vs. 61.5 years) and proportion of
women (17.7% Vs. 24.7%) increasing between 1995
to 1996 and 2009 to 2011, respectively.

PCI TRENDS. First coronary interventions amounted
to 77% (9,242 of 11,999) of all unique PCI patients,
whereas remaining patients had previous PCI
(n = 1,526; 12.7%), CABG (n = 915; 7.6%), or both
(n = 292; 2.4%) and thus were excluded from the
analysis. A total of 4,588 (49.6%) of the primary (first-
time) PCI patients met the inclusion criteria. The latter
increased systematically over the study period (36%
[1998] up to 60% [2008 to 2009]) (Online Figure 1)
and reflected a trend of more frequent use of PCI as a
primary modality to treat multivessel CAD. BMS were
used exclusively before 2003, whereas DES-PCI
increased progressively after that to about 85% to
90% of all stent PCI by 2007 to 2009 (Online Figure 2).
The DES cohort in the present study included 1,833
first-generation (77%; 1:2 sirolimus to paclitaxel) and
548 second-generation (23%; 5:1 zotarolimus to ever-
olimus) DES.

UNADJUSTED OUTCOMES. The
hospital mortality was comparable for BMS-PCI
versus DES-PCI (12 of 2,207 [0.54%] vs. 4 of 2,381
[0.17%]; p = 0.057), but it was distinctly lower for the
younger and healthier MA-CABG patients versus
SA-CABG patients (4 of 1,525 [0.26%] vs. 38 of 2,289
[1.66%]; p < 0.001). Unadjusted Kaplan-Meier death-
free survival differed substantially for the 4 treat-

unadjusted in-

ment groups (p < 0.001 overall and pairwise)
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(Figure 1A). Here, MA-CABG (mean age: 58 years)
exhibited the best 9-year survival and SA-CABG
(69 years), the worst survival, whereas PCI patients
showed intermediate survival with DES-PCI superior
to survival with BMS-PCI.

Planned PCI were frequently used as part of a
staged treatment approach given their multivessel
disease (1,060 of 4,588; 23.1% overall), and this
was more prevalent with the more recent DES-PCI
(28.8% Vs. 16.9%; p < 0.001). In contrast, unplanned
reinterventions (PCI or CABG) were more frequent in
BMS-PCI (21.5% vs. 15.8%; p < 0.001), but this may
partly reflect their relatively longer follow-up. Both
CABG modalities were associated with superior
unadjusted, unplanned reintervention-free survival
compared with rates for both BMS and DES groups,
which had essentially identical 0 to 3 years unplan-
ned reintervention outcomes (Figure 1B). Time-to-
reintervention analysis showed a distinct change in
the relative proportions and time course of the plan-
ned versus unplanned reintervention in BMS-PCI
versus DES-PCI (Figures 2A and 2B). The relative
decrease in unplanned reinterventions with DES
probably reflects their superiority over BMS, whereas
the increased planned PCI among DES reflect
the changing practice patterns of interventional car-
diologists in more recent years toward percutane-
ous treatment of more complex disease requiring
multiple PCI.

MATCHED-ADJUSTED COMPARISONS. The number
of matched patients, based on separate propensity
score models, differed for the 4-pairwise compari-
sons: BMS-PCI versus SA-CABG (1,058 pairs); BMS-PCI
versus MA-CABG (746 pairs); DES-PCI versus
SA-CABG (667 pairs); and DES-PCI versus MA-CABG
(546 pairs). Matching successfully identified com-
parison subcohorts with similar demographics, risk
factors, and comorbidities (Online Tables 1 to 4).
BMS-PCI was associated with worse death-free sur-
vival than SA-CABG was, especially for the first 7 years
of follow-up (p = 0.015; mean age = 68 years; 73%
3-vessel disease) (Central Illustration), and to a greater
extent when compared with survival rates for MA-
CABG, which showed a 10% absolute BMS-PCI versus
MA-CABG difference at 5 (85.2% vs. 95.0%) and 9
(76.3% vs. 86.9%) years (p < 0.001; mean age = 61
years; 82% 3-vessel disease) (Central Illustration).
Alternatively, DES-PCI showed similar death-free
survival as for SA-CABG, except for a modest
SA-CABG advantage for the first 3 years (p = 0.615;
mean age = 68 years; 78% 3-vessel disease) (Central
Illustration). Lastly, DES-PCI exhibited worse mortality
than MA-CABG did with death-free survival of 86.3%
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FIGURE 1 Survival After Percutaneous and Surgical CAD Treatment Modalities
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Comparisons of unadjusted 9-year all-cause mortality (A) and unplanned reintervention-free (B) survival shown for all 4 coronary revascu-
larization groups: 2,207 bare-metal stent (BMS) percutaneous coronary intervention (PCl) (age 66.6 =+ 11.9 years); 2,381 drug-eluting stent
(DES)-PCI (age 65.9 + 11.7 years); 2,289 single-arterial (SA) coronary artery bypass graft (CABG) (age 69.3 + 9.0 years); and 1,525 multiarterial
(MA)-CABG (age 58.3 =+ 8.7 years). The p values were derived by log-rank test. CAD = coronary artery disease.

versus 95.6% at 5 years and 82.8% versus 89.8% at 9
years (p < 0.001; mean age = 60.4 years; 84% 3-vessel
disease) (Central Illustration). Reintervention-free
survival was substantially and significantly worse

with PCI irrespective of stent type when compared
with survival rates for either single arterial or multi-
arterial CABG (Figures 3A to 3D). The corresponding
9-year mortality HR estimates are summarized in

A T
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FIGURE 2 9-Year Mortality and Reintervention Outcomes for BMS- Versus DES-PCI
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Breakdown of 9-year cumulative event rates to their all-cause mortality, planned reinterventions, and unplanned reinterventions for multivessel coronary
artery disease patient cohorts treated with intracoronary stenting at their index (first) revascularization procedure: BMS-PCl cohort (A) and DES-PCI cohort (B).
*Definition of planned PCI provided under Outcomes and Follow-up in the Methods section. Abbreviations as in Figure 1.
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CENTRAL ILLUSTRATION Optimal Revascularization of Multivessel CAD: Comparison of 9-Year Propensity Matched
All-Cause Mortality Survival Data for Both PCI Treatment Cohorts
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Habib, R.H. et al. J Am Coll Cardiol. 2015; 66(13):1417-27.
Each cohort is separately compared to single-arterial (SA) and multiarterial (MA) coronary artery bypass graft (CABG) surgery: (A) bare-metal stent (BMS)
percutaneous coronary intervention (PCl) versus SA-CABG; (B) BMS-PCI versus MA-CABG; (C) drug-eluting stent (DES)-PCI versus SA-CABG; and
(D) DES-PCI versus MA-CABG. The p values were derived by log-rank test. CAD = coronary artery disease.
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Figure 4. Briefly, the surgery-to-BMS-PCI HR were
in favor of CABG surgery approaching statistical sig-
nificance in cases of SA-CABG (HR: 0.87; 95% CI: 0.75
to 1.02; p = 0.056) and were substantial and highly
significant for MA-CABG versus BMS-PCI (HR: 0.38;

95% CI: 0.31t0 0

near-unity HR

.46; p < 0.001). Alternatively, DES-PCI
and SA-CABG 9-

year survival was comparable with a
(HR: 1.06; 95% CI: 0.85 to 1.32;

p = 0.615). Last, the MA-CABG versus DES-PCI sur-
vival advantage was substantial resulting in an
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FIGURE 4 Pairwise Adjusted Hazard Ratios of CABG Versus
PCI Modalities

PCl vs. CABG: 9-year Mortality
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Risk-adjusted 9-year all-cause mortality CABG-to-PCl hazard ratios derived
for both the BMS-PCI and DES-PCI treatment cohorts when each is compared
with the SA-CABG and MA-CABG surgical treatments. Solid squares reflect

left main disease, which was not included in propensity models). Open
squares reflect hazard ratios derived from all available patients using forced
risk-adjustments (22 factors) via proportional hazard Cox regression. Pts =
patients; other abbreviations as in Figure 1.

ratios derived in matched patient cohorts (*additional adjustment for

HR of 0.45 (95% CI: 0.31 to 0.66) over the 9-year
follow-up period (p < 0.001). These 9-year hazard es-
timates were essentially unchanged when further
adjusted for the presence of left main disease and
were also similar when derived by comprehensive
risk-adjustment in all versus matched-only patients
(Figure 4). Lastly, all 4 survival comparisons in pro-
pensity matched subcohorts (Central Illustration)
exhibited significant time modification (interaction

TABLE 2 Time-Segmented HR Derived by Time-Dependent
Covariate Cox Regression Comparing PCl Modalities
(BMS or DES) to SA- and MA-CABG Surgery
HR (95% CI) p Value
SA-CABG vs. BMS
<3yrs 0.55 (0.42-0.72) <0.001
>3 yrs 1.12 (0.93-1.37) 0.240
Time*Treatment <0.001
SA-CABG vs. DES
<3 yrs 0.54 (0.38-0.76) <0.001
>3 yrs 1.79 (1.32-2.43) <0.001
Time*Treatment <0.001
MA-CABG vs. BMS
<4.5yrs 0.29 (0.19-0.43) <0.001
>4.5 yrs 0.82 (0.56-1.19) 0.290
Time*Treatment <0.001
MA-CABG vs. DES
<4.5 yrs 0.28 (0.17-0.47) <0.001
>4.5 yrs 0.98 (0.53-1.80) 0.936
Time*Treatment 0.002
Cl = confidence interval; HR = hazard ratio; Time*Treatment = interaction term
defining the time-varying treatment effect in each of the 4 comparisons’ Cox
regression analysis; other abbreviations as in Table 1.

term) of the early versus late HR. Specifically, an early
advantage of SA-CABG =3 years was lost when
compared with the advantage of BMS, whereas it was
completely reversed versus the advantage of DES.
In case of MA-CABG, amore substantial advantage over
either BMS or DES was sustained for a longer period
(4.5 years) and was not reversed even if it lost
significance (Table 2).

DISCUSSION

Identifying the optimal revascularization strategy
for multivessel CAD necessarily requires a direct
comparison of outcomes of the most durable surgical
technique to the best percutaneous approach. Thus,
based on current evidence, an appropriately designed
analysis comparing outcomes of MA-CABG to DES-PCI
is needed. To our knowledge, this has not been yet
reported. This study is the first to specifically
compare long-term survival and reintervention rates
in multivessel CAD revascularized either via the
traditional single-arterial (LITA-LAD graft) or multi-
arterial (95% LITA and radial artery in the current
series) CABG versus PCI with either BMS or DES. The
primary finding was that MA-CABG, compared with
either BMS- or DES-PCI, results in substantially
enhanced death-free and reintervention-free survival
and, therefore, represents optimal therapy. Secon-
dary study findings confirm previously reported ob-
servations that conventional SA-CABG is associated
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with better intermediate-term survival, and superior
reintervention rates compared with those for BMS
(1,3,8,9). In addition, conventional SA-CABG is asso-
ciated with better intervention-free survival than
PCI-DES is, whereas the 2 methods showed similar
late death-free survival following a brief trend (0 to 3
years) of SA-CABG superiority (Central Illustration).

Multiple randomized prospective studies were
published in the past decade comparing surgical ap-
proaches versus percutaneous approaches (1-6). Their
results mostly showed equivalent long-term survival
with both modalities albeit at the expense of more
frequent reintervention, yet these had limited appli-
cability to the “real-world” scenarios confronting
clinicians given the relatively healthy and highly se-
lective nature of these trials’ populations (7,31).
Furthermore, these studies uniformly compared only
traditional SA-CABG with BMS-PCI or DES-PCI. Our
analysis results contradicted these trials and, instead,
were consistent with findings of more recent large real-
world observational retrospective studies (8-15).

The ASCERT (ACCF-STS Database Collaboration on
the Comparative Effectiveness of Revascularization
Strategies) trial linked the Society of Thoracic Sur-
geons Adult Database and the NCDR (National Car-
diovascular Data Registry) National Database with
the Centers for Medicare and Medicaid Services
Administrative Database and used propensity score
methods (inverse probability weighting) to assess
long-term outcomes in Medicare beneficiaries treated
with either CABG or PCI (14). In their PCI cohort, 78%
received DES, 16% received BMS, and 6% received no
stents. Use of multiple arterial graft in ASCERT was
not reported, but given the 10% overall reported rate
of MA-CABG in the Society of Thoracic Surgeons’
database, logic dictates that the rate of MA-CABG is
likely in the single digits, given the propensity to use
MA-CABG in young or non-Medicare patients. This
study principally comparing SA-CABG to predomi-
nantly DES-PCI reported an adjusted 4-year mortality
of 16.4% with CABG versus 20.8% for PCI (HR: 0.79;
95% CI: 0.76 to 0.82). We, in the general primary
intervention multivessel CAD population, found a
modest early-to-intermediate-term survival advan-
tage of conventional CABG over DES-PCI that is
essentially eliminated by the fourth year after the
index revascularization (Central Illustration). Given
this result, a preference of DES-PCI is arguably a
reasonable treatment choice, especially if the risk of
other major adverse cardiovascular and cerebrovas-
cular events is not meaningfully increased. This is
true even acknowledging the formidable likelihood
of future repeat PCI in multivessel CAD patients,
which would then be weighed against the greater
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immediate potential of morbidity and longer recov-
ery after CABG. From this perspective, our data
support the point of view of a large segment of car-
diologists that DES-PCI is an attractive alternative to
traditional CABG surgery even in multivessel CAD
patients. A salient counterargument, however, is
the concern over the cost-effectiveness concern of
1 or more repeat DES-PCI reinterventions in a time
of increasingly scarce available health care resources
(32).

The novel finding of the current study is that
MA-CABG is associated with large death-free and
reintervention-free survival advantages over BMS
and more pertinently DES-PCI (Central Illustration,
Figures 3 and 4). This unique and important finding
represents a potentially game-changing perspective
to the ongoing PCI versus CABG debate. Specifically,
the benefits attributable to MA-CABG are substantially
greater than those previously reported with SA-CABG.
Moreover, the dramatic reintervention-free advantage
with MA-CABG versus DES-PCI is found even when a
large number of planned repeat DES-PCI procedures
are considered as part of the overall PCI treatment
rather than reintervention events or outcomes
(Figure 2). Ironically, the apparent reluctance of car-
diac surgeons to embrace MA-CABG, despite the
strong and rapidly accumulating evidence in its favor,
lends further support to the point of view of favoring
DES-PCI in a large majority of CAD patients. This
stance by interventional cardiologists appears to have
been reinforced by the more favorable results of DES
and is evidenced in the rapid increase of PCI in mul-
tivessel CAD patients (Online Figure 1) even if it means
more frequent use of planned, staged PCI treatments
(i.e., multiple PCI procedures) as a means of achieving
more complete revascularization (Figure 2).

The explanation of why MA-CABG resulted in su-
perior intermediate and late mortality outcomes
compared with those of DES-PCI while SA-CABG did
not is likely due to the better patency of arterial grafts
versus saphenous vein grafts (17,33,34). More com-
plete, or even supra-complete (or functional revas-
cularization), compared with PCI has been suggested
as a reason for better CABG outcomes (23,25,26).
However, this is equally true with either CABG mo-
dality and cannot explain our mortality data. It is,
however, consistent with the comparably reduced
need for reintervention with either form of CABG
compared with either form of PCI. Hence, our find-
ings, may indicate potentially superior patency of
arterial grafts compared with those of DES and
certainly those of BMS. Patency of vein grafts may not
be superior to DES and, hence, the essentially
equivalent survival outcomes in our study and in
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most studies comparing DES to traditional SA-CABG
(1-6,33,34). The recent literature addressing the su-
perior late outcomes of multiarterial versus tradi-
tional CABG has put forth the decreased progression
of native vessel disease in coronary territories revas-
cularized with arterial grafts compared with vein
grafts as an explanatory factor (35). This finding was
based on a review of a large number of coronary
recatheterization data in CABG-treated patients, and
relatively greater release of nitric oxide from arterial
versus vein graft tissues has been suggested as the
mechanism for this protection of native coronary
beds against progression of atherosclerosis (35,36).

STUDY LIMITATIONS. Our study findings are based
on a retrospective analysis of PCI and CABG data from
a single institution, which may limit their generaliz-
ability. Propensity matching may not have accounted
for unmeasured confounders. The matched MA-CABG
versus PCI comparisons were in relatively young (60
to 61 years, mean age) patients and may not reflect
results in older patients. Related to this, it is not clear
whether the current findings will be similarly true
across various risk-based or demographic subcohorts
of the general multivessel CAD population. This
concern is partly mitigated by our secondary Cox
regression analysis applied to all patients as opposed
to the matched cohorts only, which showed relatively
similar comparative findings and similar risk-
adjusted HR (Figure 4). Our mortality analysis was
an all-cause deaths analysis, and we could not
ascertain cardiac-related deaths. Yet, the similarity of
the patient characteristics following propensity
matching may partially mitigate this concern. It is
possible that, within the characteristics of the
included patients, the various reported PCI versus
CABG outcomes comparison could differ appreciably
for different demographic (age, sex, body mass index)
or risk factor/comorbidity (diabetes, left ventricular
dysfunction) subcohorts. These risk-based subcohort
analyses are, however, well outside the scope of the
current study and should be the focus of future ef-
forts. Similarly, an analysis of the health economics
implications of the different treatment options seems
warranted especially given the apparently frequent
use of repeat planned and unplanned PCI reinter-
ventions. We also cannot be completely certain of the
degree of functional completeness of revasculariza-
tion in either the PCI or CABG cohorts. Differences in
post-discharge medical therapy may have differed
across study groups. In the current CAD series, all
CABG and PCI patients were discharged from the
hospital on standard guideline-directed medical
therapy. Compliance with the guidelines during
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hospitalization and upon discharge is tracked by the
hospital and by the New York State Department of
Health, but we do not have post-discharge or
long-term compliance data. SYNTAX scores are un-
available for study patients; hence, the precise dis-
tribution of the severity of the CAD in the different
comparison groups is not known. Yet, our study
included multivessel CAD patients and all with LAD
disease exclusively, and all comparisons were pro-
pensity matched for 2- and 3-vessel disease as a
means of minimizing the heterogeneity. Further-
more, we conducted a sensitivity analysis in which
we further adjusted for left main disease, which
showed consistent results (Figure 4).

CONCLUSIONS

The collective findings in our study, if confirmed
in other series, have the potential to drastically
modify the PCI versus CABG debate. Multiarterial
surgical revascularization—shown previously to be
superior to SA-CABG (16-29)—resulted in substan-
tially enhanced death and reintervention-free sur-
vival compared with survival rates for either BMS- or
DES-PCI. Accordingly, MA-CABG represents the
optimal therapy for multivessel CAD and should be
enthusiastically adopted by practicing cardiac sur-
geons and members of the multidisciplinary heart
team as they strive to implement best evidence-
based therapy.

REPRINT REQUESTS AND CORRESPONDENCE: Dr.
Robert H. Habib, American University of Beirut-Medical
Center, P.O. Box 11-0236, Riad El Solh, 1107 2020, Beirut,
Lebanon. E-mail: rhio6@aub.edu.lb OR Dr. Robert F.
Tranbaugh, Mount Sinai Beth Israel, Cardiac Surgery, 317
East 17th Street, New York, New York 10003. E-mail:
rtranbau@chpnet.org.

PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: In
patients with multivessel CAD, intermediate-to-late
mortality and need for subsequent revascularization
are reduced when multiple arterial grafts are
employed during CABG versus single arterial or
percutaneous revascularization.

TRANSLATIONAL OUTLOOK: Future investigation
is needed to enhance the selection of patients with
multivessel CAD who benefit most from MA-CABG
surgery.
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