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Multiple arterial grafts improve survival with coronary artery bypass
graft surgery versus conventional coronary artery bypass grafting
compared with percutaneous coronary interventions
Chaim Locker, MD,a Hartzell V. Schaff, MD,a Richard C. Daly, MD,a Joseph A. Dearani, MD,a
Malcolm R. Bell, MD,b Robert L. Frye, MD,b Kevin L. Greason, MD,a John M. Stulak, MD,a
Lyle D. Joyce, MD, PhD,a Alberto Pochettino, MD,a Zhuo Li, MS,c Ryan J. Lennon, MS,c and
Amir Lerman, MDb
ABSTRACT
Objective: To compare long-term survival with multiple arterial coronary artery
bypass grafting (CABG) (MultArt) versus percutaneous coronary intervention
(PCI) in patients with multivessel disease (MVD).

Results: Unadjusted long-term survival was lower for CABG than PCI (15-year survival, 34% vs 46%; P <.001); however, in patients with MultArt, survival was
greater than LITA/SV, BA, BMS (15-year survival, 65% vs 31%, 47%, 45%,
respectively; P < .001), and DES (8-year survival, 87% vs 70%; P < .001). In
matched analyses, 15-year survival of MultArt was higher than BA (66% vs 57%;
P ¼ .002), LITA/SV (64% vs 56%; P ¼ .02), and BMS (5-year survival 94% vs
90%; P ¼ .01), and similar to DES at 8 years. In multivariate analysis, compared
with MultArt, LITA/SV had worse survival (hazard ratio [HR], 1.29; 95% confidence interval [CI], 1.09-1.52; P ¼ .003). BMS (HR, 0.87; 95% CI, 0.80-0.94;
P<.001) and DES (HR, 0.76; 95% CI, 0.66-0.88; P<.001) had improved survival
versus LITA/SV but not versus MultArt (HR, 1.12; 95% CI, 0.94-1.34; P ¼ .21, and
HR, 0.98; 95% CI, 0.79-1.21; P ¼ .83, respectively). Secondary analyses for treatment crossover indicated lower survival for LITA/SV versus MultArt and PCI.
Conclusions: In patients with MVD undergoing primary revascularization,
MultArt increased survival benefit versus LITA/SV compared with PCI. Use of
MultArt must increase. (J Thorac Cardiovasc Surg 2016;-:1-11)

During the past 2 decades, several randomized clinical trials
have compared outcomes of coronary artery bypass grafting
(CABG) and percutaneous coronary intervention (PCI) in
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Kaplan-Meier curve for long-term survival PCI and
LITA/SV versus MultArt unmatched; hazard ratio;
95% confidence interval, 1.17; 0.99-1.39,
P ¼ .07, and 1.35; 1.14-1.59, P<.001, respectively.
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Methods: We reviewed 12,615 patients with MVD with isolated primary CABG
or PCI from 1993 to 2009. Patients with CABG (n ¼ 6667) were grouped according to the number of arterial grafts into left internal thoracic artery (LITA)/saphenous vein (SV) (n ¼ 5712) or MultArt (n ¼ 955); patients with PCI (n ¼ 5948)
were grouped into balloon angioplasty (BA) (n ¼ 1020), drug-eluting stent
(DES) (n ¼ 1686), and bare metal stent (BMS) (n ¼ 3242).

Central Message
Multiarterial grafting increased survival versus
conventional coronary artery bypass grafting
compared with percutaneous coronary intervention in patients with multivessel disease.
Perspective
In patients with multivessel disease undergoing
revascularization, multiarterial grafting increased
survival versus conventional CABG compared
with PCI. Because current rates of multiarterial
grafting are low, its use should be markedly
increased and defined as a quality metric in coronary surgery. Further studies are warranted to
explore patients benefiting most from different
revascularization methods.

patients who merit revascularization for stable coronary artery disease.1 The popular assumption that CABG reduces
the need for repeat intervention but confers no survival benefit
compared with PCI, combined with introduction of the bare
metal stent (BMS) and drug-eluting stent (DES) may have diverted coronary revascularization trends from CABG to PCI
Scanning this QR code will take
you to the procedural video and
supplemental figure and tables for
this article.
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Terms and Data Collection
Abbreviations and Acronyms
BA
¼ balloon angioplasty only
BMS ¼ bare metal stent
CABG ¼ coronary artery bypass grafting
DES
¼ drug-eluting stent
HR
¼ hazard ratio
LAD
¼ left anterior descending
LITA ¼ left internal thoracic artery
MultArt ¼ multiple arterial coronary artery bypass
grafting
MVD ¼ multivessel disease
PCI
¼ percutaneous coronary intervention
SD
¼ standard deviation
SV
¼ saphenous vein
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procedures. Epstein et al.2 reported that more than 75% of
coronary revascularization cases in the United States are performed with use of PCI. Randomized clinical trials are
considered pivotal to evidence-based medical practice, but
they often enroll highly selected populations and may not
be representative of real-world practice.3-5
Evidence is accumulating that late outcome of surgical
revascularization is improved when at least 2 arterial grafts
are used,6,7 but multiple arterial CABG (MultArt) is not
performed routinely in many medical centers.8 The present
report analyzes the outcome of patients at our clinic having
surgical and percutaneous revascularization of multivessel
disease (MVD) over 2 decades. Goals included evaluation
of MultArt revascularization on outcome of surgical patients
and examination of evolving PCI strategies, including DES.
METHODS
From January 1, 1993, to December 31, 2009, 12,615 consecutive patients with MVD underwent isolated primary coronary revascularization
with CABG (n ¼ 6667) or PCI (n ¼ 5948). CABG was performed
with use of left internal thoracic artery (LITA)/saphenous vein (SV) grafts
(LITA/SV subgroup; n ¼ 5712) or MultArt grafts, involving in addition
to the LITA, the right internal thoracic artery (85%) and/or the radial artery (27%) with or without SV grafts (MultArt subgroup; n ¼ 955). Patients having PCI were stratified into the subgroups balloon angioplasty
only (BA) (n ¼ 1020), BMS (n ¼ 3242), and DES (n ¼ 1686). Excluded
from the review were patients undergoing concomitant cardiac surgical
procedures, those with previous CABG, and patients with single-vessel
disease or coronary anomalies. Patients with acute myocardial infarction
(ST-segment elevation and non–ST-segment elevation) were not included.
We also excluded patients undergoing PCI within 7 days before CABG or
with previous PCI. If a patient underwent PCI followed by CABG, the
patient was considered to have undergone PCI and vice versa. We
analyzed only the first eligible revascularization procedure for each
patient.

Surgical and PCI Procedures
Indications for myocardial revascularization were based on standard
clinical and angiographic criteria. CABG surgical techniques and the
methods for coronary angiography and PCI have been detailed
previously.7,9
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With Mayo Clinic institutional review board approval, data were
collected from our computerized cardiac surgery database, our percutaneous transluminal coronary angioplasty registry, and patients’ clinical
charts.
Patient data and definitions followed the Society of Thoracic Surgeons
National Cardiac Surgery Database and the American College of Cardiology database definitions and guidelines. Early mortality, or procedural
mortality, was defined in both groups as death occurring during the hospitalization in which the procedure was performed, even after 30 days, as well
as death occurring after hospital dismissal but within 30 days of the procedure unless the cause of death was clearly unrelated to the procedure. Late
death was defined as any death that was not procedural mortality. Followup information was obtained through telephone calls and questionnaires
mailed to patients at regular intervals and through review of patients’ clinical charts and the Social Security Death Index, supplemented by information provided from Accurint for Health Care (LexisNexis Risk Solutions,
Alpharetta, Ga) in both groups.

Statistical Analysis
Descriptive statistics for categorical variables are reported as frequency
and percentage; continuous variables are reported as mean (standard deviation [SD]). Baseline categorical variables were compared between CABG
and PCI with the c2 test, and continuous variables were compared with
1-way analysis of covariance or the Kruskal-Wallis test where appropriate.
The Kaplan-Meier method was used to draw survival curves and calculate 5-, 10-, and 15-year survival statistics. Cox proportional hazards
regression models were used to find univariate and multivariate predictors
of overall mortality. Models with interaction terms were run to estimate the
interaction among treatment groups and 3 other factors: number of diseased
vessels, date of treatment, and urgency of procedure.
Propensity score–based matching was used to match patients with
CABG to patients with PCI. The propensity for PCI was estimated using
a logistic regression model with the response variable of PCI. For each patient with PCI, a patient with CABG was randomly selected from the potential pool of patients with CABG, with the restriction that they have
similar logit propensity scores (similar defined as within 0.25 times the
SD of the logit propensity scores). Matching between the MultArt versus
PCI subgroups and the LITA/SV versus PCI subgroups was performed in
the same manner. Patients with MultArt were also matched to patients
with LITA/SV. Variables used for propensity score calculation are age,
gender, body mass index, hypertension, chronic lung disease, preoperative
renal failure, peripheral arterial disease, history of myocardial infarction,
history of heart failure, cerebrovascular disease, left main disease, number
of diseased vessels, urgency status of the procedure, and year of procedure.
Kaplan-Meier methodology was used to draw survival curves and calculate
5-, 10-, and 15-year survival statistics for matched groups.
Because of concerns about patients with CABG undergoing subsequent
PCI and patients with PCI having subsequent CABG, we conducted secondary analysis with survival censored at the time of receiving the other
treatment during follow-up (patients with PCI were censored at the time
of subsequent CABG during follow-up and vice versa). All statistical tests
were 2-sided, with a level set at 0.05 for statistical significance. All analyses were conducted with SAS version 9.3 (SAS Institute Inc, Cary, NC).

RESULTS
Among the 12,615 patients, early death occurred in 103
patients undergoing CABG (1.5%; n ¼ 6667) and 62 patients receiving PCI (1.0%; n ¼ 5948) (P ¼ .01). Among
the 12,450 patients who did not have early death, 11,976
(96%) had follow-up beyond 30 days. Follow-up ranged
up to 20.2 years (mean [SD], 7.9 [4.7] years; median,
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TABLE 1. Baseline characteristics of 12,615 patients undergoing coronary artery bypass grafting versus percutaneous coronary intervention and
multiarterial or left internal thoracic artery/saphenous vein grafting versus percutaneous coronary intervention

Age (y), mean (SD)
Female sex
BMI (kg/m2), mean (SD)
BMI group
Underweight
Normal
Overweight
Obese
Morbidly obese
Hypertension
Diabetes mellitus
Chronic lung disease
Renal failure
Peripheral arterial disease
History of myocardial infarction
History of heart failure
Cerebrovascular disease
Left main coronary disease
Two-vessel disease
Three-vessel disease
Urgent status
Year of procedure, mean (SD)

CABG
(n ¼ 6667)

PCI
(n ¼ 5948)

67.3 (10.0)
23
29.3 (5.7)

66.8 (11.4)
29.6
29.7 (5.7)

0.3
18.6
42.2
35.6
3.3
75.3
31.8
11.1
4.9
21.1
34.1
10.4
6.6
33.8
18.6
81.4
16.7
1999.8 (4.6)

0.5
18.3
39.7
36.0
5.5
71.8
26.2
11.0
4.2
11.3
29.3
10.8
10.0
3.0
59.0
41.0
49.4
2000.8 (4.5)

P value
.008
<.001
.002
<.001

<.001
<.001
.73
.07
<.001
<.001
.48
<.001
<.001
<.001
<.001
<.001
<.001

MultArt
(n ¼ 955)

LITA/SV
(n ¼ 5712)

PCI
(n ¼ 5948)

58.4 (9.4)
14.5
29.4 (8.5)

68.8 (9.4)
24.0
29.3 (5.1)

66.8 (11.4)
29.6
29.7 (5.7)

0.5
17.4
44.6
34.8
2.7
66.2
18.7
7.3
2.0
12.9
26.9
3.0
4.1
34.6
27.0
73.0
16.5
2001.2 (4.1)

0.3
18.7
41.8
35.8
3.4
76.8
33.9
11.8
5.4
22.4
35.3
11.7
7.0
33.7
17.1
82.9
16.8
1999.5 (4.6)

0.5
18.3
39.7
36.0
5.5
71.8
26.2
11.0
4.2
11.3
29.3
10.8
10.0
3.0
59.0
41.0
49.4
2000.8 (4.5)

P value
<.001
<.001
.007
<.001

<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001

Values are presented as percentage of patients unless specified otherwise. CABG, Coronary artery bypass grafting; PCI, percutaneous coronary intervention; MultArt, multiple
arterial bypass grafting; LITA, left internal thoracic artery; SV, saphenous vein; SD, standard deviation; BMI, body mass index.

7.8 years). Characteristics of patients treated with CABG or
PCI are shown in Table 1. There were significant differences
between the 2 unmatched groups. Compared with patients

receiving PCI, patients undergoing CABG were older and
more likely to be men, and more of them had hypertension,
diabetes mellitus, peripheral arterial disease, history of

FIGURE 1. Kaplan-Meier curve for long-term survival percutaneous coronary intervention (PCI) versus coronary artery bypass grafting (CABG) in unmatched patients. Number of patients at risk is shown below each graph. A, PCI versus CABG; hazard ratio (HR), 0.89; 95% confidence interval (CI), 0.830.95; P<.001. B, PCI and left internal thoracic artery (LITA)/saphenous vein (SV) versus multiple arterial coronary artery bypass grafting (MultArt): HR,
1.17; 95% CI, 0.99-1.39, P ¼ .07; and HR, 1.35; 95% CI, 1.14-1.59; P<.001, respectively. C, bare metal stent (BMS), balloon angioplasty only (BA), drugeluting stent (DES) and LITA/SV versus MultArt: HR, 1.18; 95% CI, 0.99-1.40, P ¼ .07; HR, 1.26; 95% CI, 1.04-1.52, P ¼ .02; HR, 1.04; 95% CI, 0.841.28, P ¼ .73, and HR, 1.36; 95% CI, 1.15-1.60, P <.001, respectively.
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TABLE 2. Characteristics of matched patients undergoing coronary artery bypass grafting or percutaneous coronary intervention with balloon
angioplasty, bare metal stent, or drug-eluting stent

ACQ

Characteristic

CABG (n ¼ 684)

BA (n ¼ 684)

P value

Age (y), mean (SD)
Male sex
BMI (kg/m2), mean (SD)
BMI group
Underweight
Normal
Overweight
Obese
Morbidly obese
Hypertension
Diabetes mellitus
Chronic lung disease
Renal failure
Peripheral arterial disease
History of myocardial infarction
History of heart failure
Cerebrovascular disease
Left main coronary disease
Two-vessel disease
Three-vessel disease
Urgent status
Year of procedure, mean (SD)

66.6 (10.3)
27
29.2 (5.1)

66.7 (11.6)
29.1
29.3 (5.1)

.79
.4
.78
.97

0.2
19.4
42.4
34.2
3.8
63.5
27
14.2
5.3
15.8
35.5
13
7.2
6.6
53.2
46.8
37.4
1997.4 (3.9)

0.3
19.3
41.4
35.2
3.8
67
26.2
11.1
4.4
13.9
35.1
12.7
8.3
4.4
47.5
52.5
38.4
1997.3 (4.0)

.17
.71
.09
.45
.32
.87
.88
.42
.07
.04
.04
.7
.76

Standardized difference
0.01
0.05
0.01
0.01

0.07
0.02
0.09
0.04
0.05
0.05
0.01
0.04
0.1
0.1
0.1
0.02
0.02

CABG (n ¼ 1873)
66.5 (10.7)
26.9
29.3 (5.3)
0.3
19.5
41.7
34.5
4
71.9
28.7
11.6
5.4
13.8
33
10.6
8.6
4.8
43.9
56.1
29.2
1999.5 (4.3)

Values are presented as percentage of patients unless specified otherwise. CABG, Coronary artery bypass grafting; BA, balloon angioplasty; BMS, bare metal stent; DES, drugeluting stent; SD, standard deviation; BMI, body mass index.

myocardial infarction, and left main coronary and 3-vessel
disease. Patients with PCI had greater frequency of cerebrovascular disease and were less likely to have an elective procedure. Preprocedural characteristics of the 2 surgical
subgroups and the patients with PCI are also presented in
Table 1. Patients undergoing MultArt were generally
younger and had significantly less comorbidity but more
left main coronary and 3-vessel disease than did patients
with PCI.
The unadjusted overall 15-year survival for patients with
CABG was significantly lower than for patients with PCI
(34% vs 46%; P<.001) (Figure 1, A). However, 15-year survival for the MultArt subgroup was significantly higher than
the LITA/SV subgroup and the PCI group (65% vs 31% and
46%, respectively; P <.001) (Figure 1, B). Eight-year survival for patients in the MultArt subgroup was significantly
higher than the LITA/SV subgroup and the 3 PCI subgroups
of BMS, BA, and DES (87% vs 69%, 75%, 73%, and 70%,
respectively; P<.001) (Figure 1, C).
Propensity score–matched patients in the 3 PCI subgroups were compared with patients treated with CABG
(Table 2) and matched patients in the 2 surgical subgroups
were compared with matched patients in the 3 PCI subgroups (Tables 3 and 4). Patients undergoing MultArt
were also matched with patients with LITA/SV (Table 4).
Inspection of standardized differences showed small differences between groups (maximum standardized difference
4

was 0.114 and most differences were less than 0.05). In
the matched analyses, 15-year survival of MultArt patients
was significantly better than BA (66% vs 57%, respectively; P ¼ .002), and significantly better than patients undergoing LITA/SV grafting (64% vs 56%, respectively;
P ¼ .02). Because proportional hazard assumption was
not met in 3 of the matched groups’ analyses, we estimated
the hazard ratio (HR) during the first 5 years of follow-up
and thereafter. In these analyses, compared with MultArt,
patients with BMS had significantly worse survival (HR,
1.81; 95% CI, 1.12-2.92; P ¼ .01) during the first 5 years
of follow-up, and similar survival (HR, 0.76; 95% CI,
0.47-1.21; P ¼ .24) thereafter. Compared with LITA/SV,
patients with BMS had similar survival (HR, 1.15; 95%
CI, 0.95-1.40; P ¼ .15) during the first 5 years of followup, but significantly better survival (HR, 0.74; 95% CI,
0.62-0.90; P ¼ .002) thereafter. The estimated survival for
patients with BA versus LITA/SV was significantly worse
during the first 5 years of follow-up (HR, 1.89; 95% CI,
1.33-2.70; P < .001) and similar thereafter (HR, 0.80;
95% CI, 0.61-1.04; P ¼ .09). The differences in survival between other matched subgroup comparisons were not statistically significant (Figure 2).
To evaluate whether use of MultArt contributed to the
survival difference, we first analyzed the groups with the
univariate Cox proportional hazards regression model.
Because of the large cohort, many risk factors were

The Journal of Thoracic and Cardiovascular Surgery c - 2016

Locker et al

Acquired

TABLE 2. Continued
P value

66.7 (11.3)
27.2
29.5 (5.4)

.94
.85
.56
.89

0.3
19.1
41.5
34.4
4.7
71.7
27.4
11
4.8
12.8
32.7
10
8
3.6
44.2
55.8
28.6
1999.4 (3.2)

Standardized difference

CABG (n ¼ 872)

DES (n ¼ 872)

P value

Standardized difference

66.8 (10.7)
26.5
30.5 (5.9)

66.8 (11.6)
26.4
30.1 (5.7)

.76
.96
.21
.6

0.01
0
0.07
0.05

0.6
15.3
36.6
41
6.5
83
34.9
10.5
5.4
12
27.1
9.9
8.2
6.5
38.8
61.2
37.8
2005.5 (2.8)

0.6
15.1
40.3
38
6
80.7
32.6
10.8
4.8
12.5
27.3
9.7
8.4
5.6
42.2
57.8
39.4
2005.3 (1.8)

.21
.31
.88
.59
.77
.91
.94
.93
.42
.14
.14
.49
.001

0.06
0.05
0.01
0.03
0.01
0.01
0
0
0.04
0.04
0.04
0.03
0.01

0.02
0.01
0.02
0.02

.88
.38
.61
.37
.36
.81
.59
.51
.05
.84
.84
.67
.81

0
0.03
0.02
0.03
0.03
0.01
0.02
0.02
0.06
0.06
0.06
0.03
0.01

ACQ

BMS (n ¼ 1873)

TABLE 3. Characteristics of matched patients undergoing left internal thoracic artery/saphenous vein grafting versus percutaneous coronary
intervention with balloon angioplasty, bare metal stent, or drug-eluting stent
Characteristic
Age (y), mean (SD)
Female sex
BMI (kg/m2), mean (SD)
BMI group
Underweight
Normal
Overweight
Obese
Morbidly obese
Hypertension
Diabetes mellitus
Chronic lung disease
Renal failure
Peripheral arterial disease
History of myocardial
infarction
Congestive heart failure
Cerebrovascular disease
Left main coronary disease
Two-vessel disease
Three-vessel disease
Urgent status
Year of procedure, mean (SD)

LITA/SV
(n ¼ 638)

BA
(n ¼ 638)

67.1 (10.1)
28.2
29.5 (5.2)

66.9 (11.5)
28.8
29.3 (5.1)

0.2
19.0
39.2
38.4
3.3
67.2
27.1
13.0
3.8
16.3
39.0

0.3
19.4
41.4
35.0
4.0
68.0
26.5
11.3
4.7
14.9
35.7

13.2
6.9
4.7
52.2
47.8
34.6
1997.7 (4.0)

13.6
7.7
4.7
52.2
47.8
33.9
1997.6 (4.1)

P value
.76
.81
.40
.71

LITA/SV
(n ¼ 1722)
67.6 (10.0)
29.2
29.6 (5.4)

BMS
(n ¼ 1722)
67.6 (11.1)
27.9
29.4 (5.4)

.80
.79
.36
.42
.48
.23

0.23
18.4
40.9
35.7
4.8
74.6
30.7
12.1
5.5
15.2
35.4

0.3
19.2
41.2
34.7
4.6
73.5
28.5
11.7
4.9
13.5
33.8

.81
.59
1.00
1.00
1.00
.60
.47

11.3
8.7
3.9
39.2
60.8
27.5
1999.45 (4.5)

10.7
8.4
3.9
41.1
58.9
27.2
1999.4 (3.2)

P value
.99
.39
.34
.95

LITA/SV
(n ¼ 655)
68.6 (9.8)
27.2
30.7 (6.2)

DES
(n ¼ 655)
67.6 (11.3)
26.3
30.4 (5.9)

P value
.06
.70
.44
.79

.43
.12
.71
.50
.13
.32

0.0
15.3
36.2
41.0
7.6
85.6
35.4
11.0
6.3
13.6
28.5

0.2
15.6
38.1
39.2
7.0
83.1
32.2
11.0
4.4
11.6
25.2

.15
.20
1.0
.1
.3
.10

.58
.76
1.0
.14
.14
.86
.48

11.9
7.6
7.2
28.5
71.5
37.6
2005.8 (2.0)

10.5
9.9
7.2
28.5
71.5
37.6
2005.8 (2.0)

.43
.10
1.0
1.0
1.0
1.0
1.0

Values are presented as percentage of patients unless specified otherwise. LITA, Left internal thoracic artery; SV, saphenous vein; BA, balloon angioplasty; BMS, bare metal stent;
DES, drug-eluting stent; SD, standard deviation; BMI, body mass index.
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TABLE 4. Characteristics of matched patients undergoing multiarterial grafting versus percutaneous coronary intervention with balloon
angioplasty, bare metal stent, drug-eluting stent, and versus left internal thoracic artery/saphenous vein grafting

ACQ

Characteristic

MultArt (n ¼ 290)

BA (n ¼ 290)

P value

MultArt (n ¼ 549)

BMS (n ¼ 549)

Age (y), mean (SD)
Female sex
BMI (kg/m2), mean (SD)
BMI group
Underweight
Normal
Overweight
Obese
Morbidly obese
Hypertension
Diabetes mellitus
Chronic lung disease
Renal failure
Peripheral arterial disease
History of myocardial infarction
Congestive heart failure
Cerebrovascular disease
Left main coronary disease
Two-vessel disease
Three-vessel disease
Urgent status
Year of procedure, mean (SD)

60.9 (9.5)
19.0
29.2 (4.8)

61.9 (11.3)
22.4
29.7 (5.0)

.23
.28
.22
.56

59.8 (9.6)
17.1
28.9 (4.8)

59.8 (9.8)
18.6
29.4 (5.5)

.3
15.5
45.9
35.2
3.1
66.2
21.0
10.0
2.4
11.7
34.8
5.5
5.2
9.0
45.2
54.8
25.9
1999.4 (4.6)

0
17.6
41.0
36.9
4.8
65.9
22.8
7.6
3.1
10.3
30.3
5.9
6.6
8.6
45.9
54.1
27.6
1999.4 (4.1)

.6
18.6
45.5
32.4
2.9
67.0
18.9
7.1
2.6
12.0
28.1
3.8
5.1
7.7
32.2
67.8
16.0
2000.3 (3.8)

.2
19.9
41.9
34.2
3.8
66.7
21.9
7.3
3.8
12.0
30.8
4.7
5.1
7.7
34.1
65.9
16.4
2000.2 (3.7)

.93
.61
.32
.62
.60
.27
.86
.45
.88
.86
.86
.58
.16

Values are presented as percentage of patients unless specified otherwise. MultArt, Multiple arterial grafting; BA, balloon angioplasty; BMS, bare metal stent; DES, drug-eluting
stent; LITA, left internal thoracic artery; SV, saphenous vein; SD, standard deviation; BMI, body mass index.

identified as predicting late death in our model. Late death
was significantly reduced in the MultArt subgroup
compared with the LITA/SV and all PCI subgroups
(P <.001).
All variables significantly associated with late death in
univariate analysis were entered into multivariate analyses,
including numerous interaction tests, which are summarized
in Tables E1-E3. We then compared survival of CABG and
PCI subgroups after adjustment for those factors significant
in the multivariate models (Table 5). The estimated HR,
95% CI, for risk of death after PCI versus CABG (model
1) was 0.88, 0.81-0.94, P <.001. However, estimated HR
for risk of death with PCI was significantly lower compared
with LITA/SV (HR, 0.86; 95% CI, 0.80-0.93; P < .001)
(model 2), but similar compared with MultArt (HR, 1.10;
95% CI, 0.93-1.31; P ¼ .27). In the multivariate analysis,
use of LITA/SV was associated with significantly increased
HR for risk of death compared with MultArt (HR, 1.28;
95% CI, 1.08-1.51; P ¼ .004).
We further analyzed long-term survival in multivariate
analysis comparing MultArt with LITA/SV and PCI subgroups (model 3). BMS (HR, 1.12; 95% CI, 0.94-1.34;
P ¼ .21) and DES (HR, 0.98; 95% CI, 0.79-1.21;
P ¼ .83) were both associated with similar risk of death
compared with MultArt; however, the use of LITA/SV
was associated with increased risk of death compared
with BMS (HR, 1.15; 95% CI, 1.06-1.25; P <.001) and
6

DES (HR, 1.32; 95% CI, 1.14-1.52; P <.001) and had a
similar risk of death compared with those undergoing BA
(HR, 1.10; 95% CI, 0.99-1.23; P ¼ .08). Patients undergoing LITA/SV had increased risk of death compared with
those undergoing MultArt (HR, 1.29; 95% CI, 1.09-1.52;
P ¼ .003).
Among patients with PCI, 859 (14.4%) underwent
CABG after their index procedure, and 670 patients with
CABG (10.1%) had PCI subsequently. We further analyzed
long-term survival in all subgroups by censoring the patients’ follow-up at the point at which they crossed over
to the other treatment modality. After the same multivariate
regression models and interaction term tests were conducted, the use of PCI was associated with similar risk of death
compared with MultArt (HR, 1.13; 95% CI, 0.94-1.36;
P ¼ .19), but significantly lower compared with patients undergoing LITA/SV (HR, 0.87; 95% CI, 0.81-0.95;
P ¼ .001). LITA/SV also carried higher risk of death
compared with MultArt (HR, 1.30; 95% CI, 1.09-1.55;
P ¼ .004) (Table 5).
DISCUSSION
The present study describes outcome from real-world
practice involving a large cohort of patients with MVD undergoing isolated primary revascularization over 20 years.
The data show that CABG with multiple arterial grafting
was associated with improved long-term survival compared
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TABLE 4. Continued
P value

MultArt (n ¼ 309)

DES (n ¼ 309)

P value

MultArt (n ¼ 801)

LITA/SV (n ¼ 801)

P value

.52
.52
.08
.56

60.9 (9.7)
19.4
29.8 (5.1)

61.6 (12.2)
22.0
29.8 (5.3)

.41
.42
.89
.95

59.3 (8.9)
14.6
29.5 (9.0)

59.3 (10.2)
14.2
29.5 (5.2)

.83
.83
.93
.91

.6
15.2
38.8
40.8
4.5
74.8
27.2
8.1
2.6
9.4
27.5
4.5
6.1
12.3
35.0
65.1
27.2
2004.8 (2.8)

1.0
15.9
40.1
39.5
3.6
72.5
23.9
8.1
1.9
10.0
26.9
4.2
6.2
10.7
34.3
65.7
31.7
2004.8 (1.7)

2.5
16.6
45.9
34.2
3.0
68.2
19.9
7.2
2.0
12.6
27.2
3.1
4.9
33.8
26.5
73.5
16.0
2001.2 (4.0)

.1
17.5
44.3
34.6
3.4
68.8
21.3
7.4
2.6
12.9
29.1
3.4
6.1
35.7
27.8
72.2
14.5
2001.1 (4.9)

.51
.36
1.0
.57
.79
.86
.84
1.0
.51
.86
.86
.22
.93

with conventional CABG using the LITA to the left anterior
descending (LAD) with additional SV grafts to the nonLAD vessels, compared with PCI with the use of BA and
BMS, and comparable with the shorter-term outcome of patients receiving DES. More importantly, bypassing the nonLAD coronary vessels with 1 additional arterial graft
improved overall survival beyond that seen with a single
arterial graft. The presence of an arterial graft in addition
to the LITA reduced markedly the risk of death by a factor
of 0.78 (95% CI, 0.66-0.93) compared with the use of
LITA/SV.
Coronary artery revascularization strategies are evolving,
eg, use of new-generation DES and of fractional flow
reserve to define hemodynamically significant lesions10
and advancement in the management of antiplatelet therapy.11 However, in assessment of all developments, the
impact of revascularization on survival appears to be the
most important outcome from the patient’s perspective.12
Over the past 2 decades, multiple randomized studies
have compared outcomes of CABG versus PCI and the results have been debated.13,14 Among diabetic patients in
the BARI (Bypass Angioplasty Revascularization
Intervention) trial, cardiac death was lower in the CABG
group than in the PCI group at 10 years of follow-up, but
late outcome was not different in nondiabetic patients.15
In an analysis of 10 randomized trials comparing methods
of revascularization, Hlatky et al.1 reported that the overall
HR for death with CABG versus PCI was not significantly

.78
.46
.92
.39
.88
.40
.77
.28
.42
.54
.54
.39
.85

ACQ

.90
.24
.91
.20
1.0
.33
.43
1.0
1.0
.39
.39
.81
.20

different; however, in patients with diabetes, it was significantly less in the CABG group. Further, CABG appeared
to improve survival in patients older than 65 years. The survival advantage in diabetic patients who had revascularization with CABG was confirmed in the FREEDOM (Future
Revascularization Evaluation in Patients With Diabetes
Mellitus: Optimal Management of Multivessel Disease)
trial, which showed significantly lower rates of myocardial
infarction and death from any cause in the CABG group
than in the PCI group.16 In a recent meta-analysis comparing
the effectiveness of PCI with CABG in 31 trials involving
15,004 patients, CABG led to a small survival benefit over
PCI in patients with MVD or diabetes. However, the investigators limit the generalizability of their results because of
potential type 1 error.17
Nonetheless, in most of the aforementioned studies,
enrolled patients were highly selected and likely did not
represent the broader population of patients with MVD undergoing revascularization. The present study included all
treated patients in a large tertiary practice, aside from those
undergoing revascularization for treatment of acute myocardial infarction. Our study showed a survival advantage of
MultArt versus LITA/SV and compared with PCI in the previously mentioned subgroups. This difference continued to
be significant after adjustments for other important variables,
including extent of coronary artery disease, presence of diabetes, left ventricular function, and age. These results may
imply that the initial selection of treatment might have a
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FIGURE 2. Kaplan-Meier Curve for long-term survival percutaneous coronary intervention (PCI) subgroups versus coronary artery bypass grafting
(CABG) group, and PCI subgroups versus CABG subgroups in matched patients. Number of patients at risk is shown below each graph. A, balloon angioplasty only (BA) versus CABG, bare metal stent (BMS) versus CABG, and drug-eluting stent (DES) versus CABG; hazard ratio [HR], 0.99; 95% confidence
interval [CI], 0.81-1.22; P ¼ .94; HR, 0.91; 95% CI, 0.80-1.04; P ¼ .18; and HR, 0.88; 95% CI, 0.67-1.16; P ¼ .36, respectively. B, BA versus left internal
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TABLE 5. Estimated hazard ratios for risk of death in percutaneous coronary intervention subgroups versus coronary artery bypass grafting
subgroups in multivariate regression models 1 to 3 with and without censored follow-up at the time of crossover to the other treatment modality
No censored follow-up
Group comparison
Model 1
PCI vs CABG
Model 2
PCI vs LITA/SV
PCI vs MultArt
LITA/SV vs MultArt
Model 3
BA vs LITA/SV
BA vs MultArt
BMS vs LITA/SV
BMS vs MultArt
DES vs LITA/SV
DES vs MultArt
LITA/SV vs MultArt

Censored follow-up

Hazard ratio (95%
confidence interval)

P value

Hazard ratio (95%
confidence interval)

0.88 (0.81-0.94)

<.001

0.89 (0.82-0.96)

.004

0.86 (0.80-0.93)
1.10 (0.93-1.31)
1.28 (1.08-1.51)

<.001
.27
.004

0.87 (0.80-0.95)
1.13 (0.94-1.36)
1.30 (1.09-1.55)

.001
.19
.004

0.91 (0.81-1.01)
1.17 (0.96-1.42)
0.87 (0.80-0.94)
1.12 (0.94-1.34)
0.76 (0.66-0.88)
0.98 (0.79-1.21)
1.29 (1.09-1.52)

.08
.12
<.001
.21
<.001
.83
.003

0.95 (0.84-1.07)
1.24 (1.01-1.53)
0.88 (0.80-0.96)
1.15 (0.95-1.39)
0.77 (0.66-0.89)
1.0 (0.80-1.25)
1.31 (1.10-1.56)

.41
.04
.004
.15
<.001
.99
.003

P value

more important impact on long-term outcome than other factors appearing later after the intervention, including progression of atherosclerosis in treated and untreated coronaries.
In the SYNTAX (Synergy Between PCI With Taxus and
Cardiac Surgery) trial, the rate of cardiac death was significantly lower in the CABG group at 5 years of followup.18,19 The investigators concluded that CABG was
preferable to PCI, especially in patients with complex 3vessel disease and intermediate or higher SYNTAX scores.
A recent study that evaluated the prognostic value and clinical
implication of the site investigator–reported SYNTAX scores
after PCI or CABG compared with the core laboratory–assessed SYNTAX scores showed that tertiles based on site
investigator–reported SYNTAX scores provided poor
discrimination among low-, intermediate-, and high-risk
groups.20 Combining clinical factors with the SYNTAX score
(the SYNTAX-II score) may reduce this variability.20,21
A report from the ASCERT (American College of Cardiology Foundation–Society of Thoracic Surgeons Database
Collaboration on the Comparative Effectiveness of Revascularization Strategies) registry found significantly better
long-term survival with CABG than PCI in 189,793 patients.22 Because the link to long-term survival involved
Medicare data, the results apply only to patients older than

65 years. Hannan et al.23 reviewed 37,212 patients with
MVD from the New York cardiac registries undergoing
CABG or receiving BMS. In their report, risk-adjusted survival rates were significantly higher among patients with
CABG than among those who received BMS, in all of the
anatomic subgroups studied. The follow-up was only up to
3 years, substantially shorter than ours, and these investigators were able to include only data retrieved from the New
York State death file. No data were reported about stratification of the surgical group. In a later report, based on the same
registries, Hannan et al.24 compared outcomes of 7437
patients with CABG with 9963 patients receiving DES.
Although CABG was associated with lower 18-month
adjusted HR for death, stratification of both cohorts into
3-vessel disease with or without proximal LAD disease
showed no difference in adjusted risk for death between
CABG and DES in both anatomic subgroups.
Importantly, in previous trials, with the exception of the
SYNTAX trial, the frequency of MultArt within the surgical
group was not reported. Furthermore, in an extensive report
based on the ASCERT study,25 which aimed to develop a
predictive model for long-term survival after CABG surgery, use of multiple arterial grafts was not included as a
predictor.

=
thoracic artery (LITA)/saphenous vein (SV)<5 years: HR, 1.89; 95% CI, 1.33-2.70, P<.001,>5 years: HR, 0.80; 95% CI, 0.61-1.04; P ¼ .09; BMS versus
LITA/SV<5 years: HR, 1.15; 95% CI, 0.95-1.40; P ¼ 1.51;>5 years: HR, 0.74; 95% CI, 0.62-0.90; P ¼ .002; and DES versus LITA/SV: HR, 0.87; 95%
CI, 0.65-1.16; P ¼ .34. C, BA versus MultArt: HR, 1.91; 95% CI, 1.27-2.88; P ¼ .002; BMS versus MultArt<5 years: HR, 1.81; 95% CI, 1.12-2.92; P ¼ .01;
>5 years: HR, 0.76; 95% CI, 0.47-1.21; P ¼ .24, DES versus MultArt: HR, 0.9; 95% CI, 0.53-1.53; P ¼ .69; and LITA/SV versus MultArt: HR, 1.46; 95%
CI, 1.06-2.01; P ¼ .02. MultArt, Multiple arterial coronary artery bypass grafting.
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All models were adjusted for age, sex, body mass index groups, hypertension, diabetes mellitus, chronic lung disease, renal failure, peripheral arterial disease, history of myocardial infarction, congestive heart failure, cerebrovascular disease, left main coronary artery disease, 3-vessel disease, urgent status, year of procedure, and interaction terms. PCI,
Percutaneous coronary intervention; CABG, coronary artery bypass grafting; LITA, left internal thoracic artery; SV, saphenous vein grafting; MultArt, multiple arterial grafting;
BA, balloon angioplasty only; BMS, bare metal stent; DES, drug-eluting stent.
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VIDEO 1. Complete arterial revascularization with the use of skeletonized bilateral internal thoracic arteries: in situ LITA to LAD and free right
internal thoracic artery from side of the LITA (Composite –T graft) sequentially to ramus intermedius and left posterolateral branch of the circumflex
coronary artery.

ACQ

Use of MultArt appears to confer a significant long-term
survival benefit. This benefit was shown in the present
study, in other investigations, and in a recent metaanalysis of 27 observational studies totaling 79,063
patients, in which the patients receiving 2 internal thoracic
artery bypasses had significantly better long-term survival
than patients with a single internal thoracic artery graft.26,27
In our practice, the mean (SD) annual rate of MultArt
during the study period was 15.2% (5.7%) (Figure E1), a
percentage higher than the steady 5% annual rate reported
by the Society of Thoracic Surgeons National Cardiac Surgery Database8 and higher than the 12% rate reported from
Europe.28 Importantly, in the SYNTAX trial, MultArt was
performed in 27.6% of CABG cases.19
It seems clear that use of MultArt should be more
frequent in patients with MVD undergoing CABG. MultArt
can be used in most patients with MVD, including diabetic
patients and elderly patients, and this strategy will improve
outcomes of surgical revascularization.29,30 Further, the
clear advantage of MultArt suggests that its use may be
considered as a quality metric for centers performing
coronary artery surgery, just as the use of LITA to bypass
the LAD coronary artery is an important measure of
operator performance.31
The ongoing EECSS (Evaluation of XIENCE PRIME
Everolimus-Eluting Stent System) or EXCEL (XIENCE
V EECSS vs Coronary Artery Bypass Surgery for Effectiveness of Left Main Revascularization) clinical trial32 compares use of recent-generation DES versus CABG in
patients with left main coronary artery stenosis who are
considered to be at low or intermediate risk. In the EXCEL
trial, use of MultArt is encouraged but not required. The
Arterial Revascularisation Trial33 investigates outcome of
patients whose operation involved use of LITA versus bilateral internal thoracic arteries. Results from both trials are
expected to provide further important insight into optimal
treatment options.
10
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Our study showed similar 8-year survival rates for patients with MultArt compared with patients with PCI treated
with DES. Our investigation did not analyze separately the
outcomes of the first-generation versus newer DESs or
differ between arterial conduits used as the second arterial
graft for MultArt; however, multivariate interaction tests
showed that the date of the procedure or the type of arterial
conduits used did not affect the difference observed in longterm survival among CABG and PCI subgroups. Nonetheless, further studies with extended follow-up are warranted
to identify the PCI and surgical subgroups that would
benefit more from the different treatment modalities.34
Limitations
Our study was observational and retrospective and had
the inherent limitations of these designs. Differences among
groups reflected clinicians’ and patients’ preferences for
treatment. Further, we cannot exclude the possibility that
differences among groups not captured in our databases
could have influenced patient selection for one therapy or
the other. We also acknowledge the lack of data on changes
in secondary prevention. However, when we used multivariate models to account for all known differences between
the groups of patients, we found an independent longterm survival advantage associated with MultArt. Another
limitation was the lack of information on severity of disease
as reflected in SYNTAX score and completeness of revascularization in patients with PCI and patients with CABG.35
However, it seems unlikely that adjustment by SYNTAX
score would have changed the primary findings. Although
patients in the CABG and MultArt cohorts had substantially
more 3-vessel and left main coronary disease than did
patients in the PCI cohort, and this implies increased
extent and severity of atherosclerotic disease in those
groups, those variables were adjusted and matched between
groups.
Our results show that in patients with multivessel coronary artery disease who underwent coronary revascularization 20 years previously, surgical revascularization with
multiple arterial grafting conferred a long-term survival
advantage compared with LITA/SV and PCI. Our results
emphasize the importance of multidisciplinary input in selection of revascularization treatment options that is based
on clear clinical indications. In addition, a marked increase
in MultArt programs is needed.
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FIGURE E1. Overall CABG versus PCI-revascularization rates by year and by type of procedure during study period. CABG, Coronary artery bypass
grafting; LITA, left internal thoracic artery; SVG, saphenous vein grafts; MultArt, multiple arterial coronary artery bypass grafting; PCI, percutaneous coronary intervention; BMS, bare metal stent; DES, drug-eluting stent; BA, balloon angioplasty.
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Variable

Hazard ratio (95% confidence interval)

P value

PCI vs CABG
Older age (10-y increase)
Female
BMI group (kg/m2)
Underweight
Overweight
Obese
Morbidly obese
Hypertension
Diabetes mellitus
Chronic lung disease
Renal failure
Peripheral arterial disease
History of myocardial infarction
History of heart failure
Cerebrovascular disease
Left main coronary disease
Three-vessel disease
Urgent/emergent
Year of procedure
Age * year of procedure
Diabetes mellitus * age
Renal failure * age
Peripheral arterial disease * age
Myocardial infarction * age
Diabetes mellitus * chronic lung disease
Myocardial infarction * heart failure
3-vessel disease * heart failure

0.88 (0.81-0.94)
2.54 (2.35-2.73)
0.89 (0.83-0.95)

<.001
<.001
<.001

1.35 (0.93-1.98)
0.86 (0.80-0.93)
0.95 (0.88-1.03)
1.07 (0.90-1.27)
1.06 (0.99-1.14)
5.57 (3.37-9.22)
1.88 (1.71-2.07)
21.36 (10.21-44.72)
2.24 (1.27-3.95)
3.21 (1.99-5.16)
2.69 (2.28-3.17)
1.36 (1.24-1.49)
1.12 (1.04-1.21)
1.21 (1.12-1.30)
1.06 (0.98-1.13)
1.21 (1.14-1.29)
0.98 (0.97-0.99)
0.84 (0.78-0.90)
0.73 (0.65-0.81)
0.94 (0.87-1.02)
0.88 (0.83-0.94)
0.77 (0.66-0.91)
0.77 (0.66-0.89)
0.75 (0.63-0.88)

.12
<.001
.23
.45
.11
<.001
<.001
<.001
.005
<.001
<.001
<.001
.003
<.001
.13
<.001
<.001
<.001
<.001
.14
<.001
.002
<.001
<.001

PCI, Percutaneous coronary intervention; CABG, coronary artery bypass grafting; BMI, body mass index. *Interaction terms.
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TABLE E1. Predictors of late death among 12,615 patients undergoing coronary artery bypass grafting or percutaneous coronary intervention in
multivariate regression model

Acquired
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TABLE E2. Predictors of late death among 12,615 patients undergoing coronary artery bypass grafting with multiple arterial grafting or left
internal thoracic artery/saphenous vein grafting or undergoing percutaneous coronary intervention in multivariate regression model

ACQ

Variable

Hazard ratio (95% confidence interval)

P value

LITA/SV vs MultArt
PCI vs MultArt
Age (increase by 10 years)
Female
BMI group (kg/m2)
Underweight
Overweight
Obese
Morbidly obese
Hypertension
Diabetes mellitus
Chronic lung disease
Renal failure
Peripheral arterial disease
History of myocardial infarction
History of heart failure
Cerebrovascular disease
Left main coronary disease
Three-vessel disease
Urgent status
Year of procedure
Age * year of procedure
Diabetes mellitus * age
Renal failure * age
Peripheral arterial disease * age
Myocardial infarction * age
Heart failure * age
Diabetes mellitus * chronic lung disease
Myocardial infarction * heart failure
3-vessel disease * heart failure

1.28 (1.08-1.51)
1.10 (0.93-1.31)
2.51 (2.33-2.71)
0.89 (0.83-0.95)

.004
.27
<.001
<.001

1.38 (0.95-2.02)
0.86 (0.79-0.93)
0.95 (0.87-1.03)
1.05 (0.89-1.25)
1.06 (0.98-1.13)
5.04 (3.03-8.38)
1.88 (1.71-2.06)
20.58 (9.75-43.42)
2.17 (1.23-3.83)
2.98 (1.84-4.83)
4.48 (2.34-8.58)
1.36 (1.24-1.49)
1.12 (1.04-1.21)
1.21 (1.12-1.30)
1.06 (0.99-1.13)
1.21 (1.14-1.29)
0.98 (0.97-0.99)
0.85 (0.79-0.92)
0.73 (0.66-0.81)
0.95 (0.88-1.02)
0.89 (0.83-0.95)
0.93 (0.86-1.02)
0.78 (0.66-0.92)
0.76 (0.65-0.88)
0.74 (0.63-0.88)

.09
<.001
.19
.55
.13
<.001
<.001
<.001
.007
<.001
<.001
<.001
.003
<.001
.11
<.001
<.001
<.001
<.001
.17
<.001
.11
.003
<.001
<.001

LITA, Left internal thoracic artery; SV, Saphenous vein grafting; MultArt, multiple arterial grafting; PCI, percutaneous coronary intervention; BMI, body mass index. *Interaction
terms.
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Variable

Hazard ratio (95% confidence interval)

P value

LITA/SV vs MultArt
BA vs MultArt
DES vs MultArt
BMS vs MultArt
Age (increase by 10 years)
Female sex
BMI group (kg/m2)
Underweight
Overweight
Obese
Morbidly obese
Hypertension
Diabetes mellitus
Chronic lung disease
Renal failure
Peripheral arterial disease
History of myocardial infarction
History of heart failure
Cerebrovascular disease
Left main coronary disease
Three-vessel disease
Urgent status
Year of procedure
Age * year of procedure
Diabetes * age
Renal failure * age
Peripheral arterial disease * age
Myocardial infarction * age
Heart failure * age
Diabetes mellitus * chronic lung disease
Myocardial infarction * heart failure
Three-vessel disease * heart failure

1.29 (1.09-1.52)
1.17 (0.96-1.42)
0.98 (0.79-1.21)
1.12 (0.94-1.34)
2.5 (2.32-2.70)
0.89 (0.83-0.95)

.003
.12
.83
.21
<.001
<.001

1.39 (0.95-2.03)
0.86 (0.80-0.93)
0.95 (0.87-1.03)
1.06 (0.89-1.25)
1.06 (0.98-1.13)
5.03 (3.02-8.37)
1.88 (1.71-2.06)
20.64 (9.77-43.57)
2.16 (1.22-3.81)
2.95 (1.82-4.78)
4.58 (2.39-8.77)
1.36 (1.24-1.49)
1.12 (1.04-1.20)
1.21 (1.12-1.30)
1.05 (0.98-1.13)
1.21 (1.14-1.29)
0.98 (0.97-0.99)
0.85 (0.79-0.92)
0.73 (0.66-0.81)
0.95 (0.88-1.03)
0.89 (0.83-0.95)
0.93 (0.85-1.01)
0.77 (0.66-0.91)
0.75 (0.65-0.88)
0.74 (0.62-0.87)

.09
<.001
.19
.54
.13
<.001
<.001
<.001
.008
<.001
<.001
<.001
.004
<.001
.15
<.001
<.001
<.001
<.001
.18
<.001
.1
.003
<.001
<.001

LITA, Left internal thoracic artery/saphenous vein; SV, saphenous vein; MultArt, multiple arterial coronary artery bypass grafting; BA, balloon angioplasty only; DES, drug-eluting
stent; BMS, bare metal stent; BMI, body mass index. *Interaction terms.
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TABLE E3. Predictors of late death among 12,615 patients undergoing multiple arterial grafting or left internal thoracic artery/saphenous vein
grafting, balloon angioplasty only, bare metal stent, and drug-eluting stent in multivariate regression model
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Multiple arterial grafts improve survival with coronary artery bypass graft
surgery versus conventional coronary artery bypass grafting compared with
percutaneous coronary interventions
Chaim Locker, MD, Hartzell V. Schaff, MD, Richard C. Daly, MD, Joseph A. Dearani, MD,
Malcolm R. Bell, MD, Robert L. Frye, MD, Kevin L. Greason, MD, John M. Stulak, MD, Lyle D.
Joyce, MD, PhD, Alberto Pochettino, MD, Zhuo Li, MS, Ryan J. Lennon, MS, and Amir Lerman,
MD, Rochester, Minn
Multiarterial grafting increased survival versus conventional CABG compared with PCI in patients
with multivessel disease.
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