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The use of bilateral internal thoracic (mammary) arteries for coronary-artery bypass grafting (CABG) may improve long-term outcomes as compared with the use
of a single internal-thoracic-artery plus vein grafts.
METHODS

We randomly assigned patients scheduled for CABG to undergo single or bilateral
internal-thoracic-artery grafting in 28 cardiac surgical centers in seven countries.
The primary outcome was death from any cause at 10 years. The composite of
death from any cause, myocardial infarction, or stroke was a secondary outcome.
Interim analyses were prespecified at 5 years of follow-up.
RESULTS

A total of 3102 patients were enrolled; 1554 were randomly assigned to undergo
single internal-thoracic-artery grafting (the single-graft group) and 1548 to undergo
bilateral internal-thoracic-artery grafting (the bilateral-graft group). At 5 years of
follow-up, the rate of death was 8.7% in the bilateral-graft group and 8.4% in the
single-graft group (hazard ratio, 1.04; 95% confidence interval [CI], 0.81 to 1.32;
P = 0.77), and the rate of the composite of death from any cause, myocardial infarction, or stroke was 12.2% and 12.7%, respectively (hazard ratio, 0.96; 95% CI, 0.79 to
1.17; P = 0.69). The rate of sternal wound complication was 3.5% in the bilateralgraft group versus 1.9% in the single-graft group (P = 0.005), and the rate of sternal reconstruction was 1.9% versus 0.6% (P = 0.002).
CONCLUSIONS

Among patients undergoing CABG, there was no significant difference between
those receiving single internal-thoracic-artery grafts and those receiving bilateral
internal-thoracic-artery grafts with regard to mortality or the rates of cardiovascular events at 5 years of follow-up. There were more sternal wound complications
with bilateral internal-thoracic-artery grafting than with single internal-thoracicartery grafting. Ten-year follow-up is ongoing. (Funded by the British Heart Foundation and others; ART Current Controlled Trials number, ISRCTN46552265.)
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C

oronary-artery bypass grafting
(CABG) is one of the most commonly
performed operations worldwide and has
been established as an effective treatment for
symptomatic multivessel coronary artery disease.1,2
The standard surgical approach is anastomosis
of the left internal thoracic (mammary) artery to
the left anterior descending coronary artery and
the use of saphenous-vein or radial-artery grafts
to bypass other coronary arteries.3,4 The single
internal-thoracic-artery graft has a 10-year rate
of angiographic patency exceeding 90%, as compared with 50% for vein grafts.5-10
The excellent long-term outcomes of single
internal-thoracic-artery grafts11,12 have stimulated
the use of a bilateral internal-thoracic-artery approach that uses both the left and right internal
thoracic arteries.13-16 Pooled analyses of observational studies suggest that, at 10 years, there are
approximately 20% fewer deaths from any cause
with bilateral internal-thoracic-artery grafting
than with single internal-thoracic-artery grafting.17-21 However, bilateral internal-thoracic-artery
grafting has not been widely adopted because of
three main factors: it is a more complex procedure, it is associated with a higher risk of sternal
wound complications, and there is a lack of randomized evidence of benefit.22-24
The Arterial Revascularization Trial (ART) was
initiated in 2004 to address these concerns.25 The
primary objective of the trial was to compare
10-year survival rates associated with bilateral
and single internal-thoracic-artery grafting, and
secondary outcomes included clinical events,
quality of life, and health economic measures.
Safety information at 1 year has been published
previously,26 and the current report is an interim
analysis of clinical and safety outcomes at 5 years.

Me thods
Trial Design

This two-group, multicenter, randomized trial was
conducted in 28 cardiac surgical centers in seven
countries. The protocol (available with the full
text of this article at NEJM.org), baseline data,
and 1-year safety outcomes have been published
previously.25,26 The trial complies with the Declaration of Helsinki and commenced after ethics
approval was obtained at all the participating
centers. The trial was sponsored by the Univer-
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sity of Oxford, with funding from the British
Heart Foundation, the U.K. Medical Research
Council, and the National Institute of Health
Research Efficacy and Mechanism Evaluation Programme. The funders had no role in the design or
conduct of the trial, in the analysis of the data,
or in the writing of the manuscript or the decision to submit it for publication. There was no
support from commercial entities for this trial.
Trial management was provided initially by the
Clinical Trials and Evaluation Unit at the Royal
Brompton and Harefield NHS Foundation Trust
in London and from 2014 by the Surgical Intervention Trials Unit at the University of Oxford.
The authors were responsible for the design and
analysis of the study and take full responsibility
for the integrity and completeness of the data
and for the contents of the article, as well as for
the fidelity of this report to the trial protocol.
Enrollment and Randomization
of the Patients

Eligible patients were those with multivessel coronary artery disease who were scheduled to undergo CABG (including patients requiring urgent
surgery, but not those with evolving myocardial
infarction). Patients requiring only single grafts
or concomitant valve surgery, as well as those
with a history of CABG, were excluded. Each patient was required to provide written informed
consent.
Patients were randomly assigned, in a 1:1 ratio,
to undergo single or bilateral internal-thoracicartery grafting. The randomization sequence was
generated with randomly varying block sizes and
stratified according to center. Patients were enrolled and underwent randomization by means
of a telephone call to the coordinating center. To
reduce the possibility of outcome events occurring between randomization and revascularization, it was recommended that surgery be performed within 6 weeks after randomization.
Surgical Procedure

The group that underwent single internal-thoracicartery grafting (the single-graft group) received
a single internal-thoracic-artery graft to the left
anterior descending coronary artery plus supplemental vein or radial-artery grafts to other coronary arteries. The group that underwent bilateral
internal-thoracic-artery grafting (the bilateral-graft
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group) received both left and right internalthoracic-artery grafts to the two most important
coronary arteries on the left side with supplemental vein or radial-artery grafts to other coronary arteries. In the bilateral-graft group, internalthoracic-artery grafts could be used as composite
grafts to each other, as long as one remained in
situ. Anastomosis of an internal-thoracic-artery
graft to the right coronary artery was not permitted because of concerns about inferior longterm patency.
Surgeons could participate in the trial only if
their experience included 50 or more operations
using bilateral internal-thoracic-artery grafts, and
surgeons were expected to be able to perform
either procedure. Standard methods for anesthesia and myocardial protection were used according to local practice.
Outcome Measures

The primary outcome of the trial was death from
any cause at 10 years of follow-up. Secondary
outcomes were the composite of death from any
cause, myocardial infarction, or stroke (in a timeto-event analysis), rate of repeat revascularization, safety outcomes (including bleeding and
sternal wound complications), quality of life,
costs, and cost effectiveness. Outcome definitions are provided in the Supplementary Appendix, available at NEJM.org. An analysis at 5 years
of follow-up was prespecified by the steering
committee and endorsed by the data and safety
monitoring committee.25
Data were gathered at participating sites by
means of annual telephone calls or hospital visits.
Serious adverse events were reported by investigators on specific forms. Two members of the
clinical-event review committee (see the Supplementary Appendix for the membership list) adjudicated each event (death, myocardial infarction,
stroke, and reintervention) in a blinded fashion
to ensure that events met the prespecified protocol definitions.25 If the two adjudicators did not
concur, then the event was adjudicated by a third
person to reach resolution. All other adverse
events that required or prolonged hospitalization
were adjudicated by one member of the committee. Quality of life was assessed with the use of
the shortened World Health Organization (WHO)
Rose angina questionnaire,27 the European Quality of Life–5 Dimensions (EQ-5D) questionnaire,28

2542

n engl j med 375;26

of

m e dic i n e

and the Medical Outcomes Study 36-Item ShortForm Health Survey (SF-36).29
Statistical Analysis

On the basis of a previous systematic review,17
we estimated that the use of bilateral internalthoracic-artery grafting would result in mortality at
10 years that was 5 percentage points lower than
mortality with single internal-thoracic-artery grafting (20% vs. 25%). We calculated that 2928 patients would need to be enrolled in order for the
trial to detect this expected difference with 90%
power at the 5% significance level. The aim was to
enroll at least 3000 patients (1500 patients in each
group) over a recruitment period of 2 to 3 years.
This analysis censored data from patients at
5 years of follow-up after the date of randomization. The primary analysis used the intention-totreat principle. A sensitivity analysis was carried
out with adjustment for age (<70 years vs. ≥70
years), sex, ejection fraction (<50% vs. ≥50%), and
diabetes (yes vs. no). The time-to-event analysis
of survival was performed with the use of the
log-rank method and Cox proportional-hazards
regression to estimate hazard ratios and 95%
confidence intervals. All hazard ratios were estimated with the single internal-thoracic-artery
group as the control group. For patients who died
on their date of randomization or for whom their
last known follow-up occurred on that day, their
survival duration was assumed to be half a day,
in order to allow them to be included in the
analysis. A competing-risks analysis was used in
the analyses of myocardial infarction, stroke, and
cause-specific mortality.
Prespecified subgroup analyses were performed
on the basis of baseline diagnosis of diabetes
(yes vs. no), age (<70 years vs. ≥70 years), surgery
type (on pump vs. off pump), radial-artery grafting (yes vs. no), number of grafts (<3 vs. ≥3), and
ejection fraction (<50% vs. ≥50%). Exploratory
analyses for the primary outcome included a perprotocol analysis (which included patients who
actually received their randomly assigned treatment) and an as-treated analysis (in which patients were compared on the basis of the treatment
they actually received). Health-related quality-oflife results are presented as percentages and
means as appropriate; only patients with data are
included in these analyses, without imputation
for missing data, which is planned for only the
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3102 Patients underwent randomization

1554 Were assigned to the
single-graft group

1548 Were assigned to the
bilateral-graft group

1546 Underwent surgery
1494 Received single graft
38 Received bilateral graft
14 Underwent other procedure
8 Did not undergo surgery
1 Died before surgery
2 Had surgery canceled
1 Underwent percutaneous
coronary intervention
4 Withdrew from trial

1531 Underwent surgery
1294 Received bilateral graft
215 Received single graft
22 Underwent other procedure
16 Did not undergo surgery
1 Died before surgery
3 Had surgery canceled
3 Withdrew consent for surgery
1 Underwent percutaneous
coronary intervention
8 Withdrew from trial
1 Received unknown treatment

129 Died
62 Were lost to follow-up by 5 yr
9 Withdrew

133 Died
71 Were lost to follow-up by 5 yr
5 Withdrew

1349 Were known to be alive at 5 yr

1330 Were known to be alive at 5 yr

Figure 1. Randomization, Enrollment, and Follow-up of the Patients.
The number of patients who underwent randomization in each group can be derived by adding the numbers of patients
who were known to be alive at 5 years, those who died, those who were lost to follow-up, and those who withdrew.

final (10-year) analysis. A P value of less than
0.05 was considered to indicate statistical significance, without correction for multiple testing.
All the analyses were performed with the use of
Stata software, version 14 (StataCorp).

R e sult s
Patients

From June 2004 through December 2007, we enrolled 3102 patients at 28 cardiac surgery centers
in seven countries. A total of 1554 patients were
randomly assigned to the single-graft group and
1548 to the bilateral-graft group. Figure 1 shows
the flow of participants through the trial up to
5 years of follow-up. The groups were well
matched with respect to age, sex, race and ethnic
origin, body-mass index, systolic and diastolic
blood pressure, smoking status, and coexisting
conditions (Table 1).
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Treatment

Data on surgical details and length of stay in the
hospital26 are provided in Table S1 in the Supplementary Appendix. In the single-graft group,
96.1% of the patients received a single internalthoracic-artery graft, and in the bilateral-graft
group, 83.6% of the patients received bilateral
internal-thoracic-artery grafts. Off-pump procedures without the use of cardiopulmonary bypass
were performed in 40.6% of patients. The rate of
nonadherence to bilateral internal-thoracic-artery
graft surgery was higher than expected. The
mean number of grafts in each group was three.
Medications at 5 years were well balanced between the two groups, with aspirin used in 88.9%
of the patients, beta-blockers in 76.2%, statins
in 89.0%, and angiotensin-converting–enzyme
(ACE) inhibitors or angiotensin-receptor blockers in 73.4% (Table S2 in the Supplementary
Appendix).
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Table 1. Demographic and Clinical Characteristics at Baseline.*
Single-Graft Group
(N = 1554)

Bilateral-Graft Group
(N = 1548)

63.5±9.1

63.7±8.7

1338 (86.1)

1318 (85.1)

Current smoking

214 (13.8)

237 (15.3)

Former smoking

898 (57.8)

834 (53.9)

Never smoked

442 (28.4)

477 (30.8)

1431 (92.1)

1418 (91.6)

Characteristic
Age at randomization — yr
Male sex — no. (%)
Smoking status — no. (%)

Race or ethnic group — no. (%)†
White
East Asian
South Asian

1 (0.1)

5 (0.3)

76 (4.9)

74 (4.8)

Afro-Caribbean

2 (0.1)

African

1 (0.1)

4 (0.3)

Other

42 (2.7)

47 (3.0)

Missing data

1 (0.1)

Height — cm

170.4±8.4

0

0
170.0±8.5

Weight — kg

81.9±14.2

Body-mass index

28.1±4.1

82.0±13.5
28.3±4.0

Systolic blood pressure — mm Hg

131.8±18.5

131.7±18.0

Diastolic blood pressure — mm Hg

74.8±11.1

75.0±11.0

1191 (76.6)

1177 (76.0)

Diabetes — no. (%)
No history
Insulin-dependent diabetes
Non–insulin-dependent diabetes
Hypertension treated with drugs — no. (%)
Hyperlipidemia treated with drugs — no./total no. (%)
Documented peripheral arterial disease — no. (%)
Documented transient ischemic attack — no./total no. (%)
Previous stroke — no./total no. (%)

79 (5.1)

95 (6.1)

284 (18.3)

276 (17.8)

1217 (78.3)

1193 (77.1)

1448/1554 (93.2)

1457/1547 (94.2)

118 (7.6)

103 (6.7)

57/1553 (3.7)

53/1548 (3.4)

48/1553 (3.1)

42/1548 (2.7)

Previous myocardial infarction — no./total no. (%)

681/1553 (43.9)

619/1547 (40.0)

Previous PCI, with or without stent — no./total no. (%)

248/1553 (16.0)

242/1547 (15.6)

NYHA functional class — no. (%)‡
I

481 (31.0)

481 (31.1)

II

747 (48.1)

722 (46.6)

III

263 (16.9)

279 (18.0)

IV

61 (3.9)

66 (4.3)

2 (0.1)

0

Missing data
CCS angina class — no. (%)‡
No angina

128 (8.2)

132 (8.5)

I

355 (22.8)

348 (22.5)

II

598 (38.5)

582 (37.6)

III

351 (22.6)

368 (23.8)

IV

122 (7.9)

118 (7.6)

*	Plus–minus values are means ±SD. Data were missing as follows: height and body-mass index (the weight in kilograms divided by the square
of the height in meters), for two patients in the single-graft group and six in the bilateral-graft group; weight, for two in the bilateral-graft group;
and blood pressure, for one in the single-graft group and three in the bilateral-graft group. PCI denotes percutaneous coronary intervention.
†	Race or ethnic group was self-reported.
‡	New York Heart Association (NYHA) functional classes range from I to IV, with higher values indicating greater disability. Canadian
Cardiovascular Society (CCS) angina classes range from I to IV, with higher values indicating more disabling pain due to angina.
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Table 2. Clinical Outcomes and Adverse Events at 5 Years.

Variable

Single-Graft Group
(N = 1554)

Bilateral-Graft Group
(N = 1548)

Hazard Ratio or
Relative Risk
(95% CI)*

P Value

number (percent)
Clinical outcome
Primary outcome: death from
any cause

130 (8.4)

134 (8.7)

1.04 (0.81–1.32)

0.77

Composite of death, myocardial
infarction, and stroke

198 (12.7)

189 (12.2)

0.96 (0.79–1.17)

0.69

Myocardial infarction†

54 (3.5)

52 (3.4)

0.97 (0.66–1.41)

0.86

Stroke†

49 (3.2)

38 (2.5)

0.78 (0.51–1.19)

0.24

41 (2.6)

48 (3.1)

1.18 (0.78–1.77)

0.44

Adverse event
Major bleeding
Repeat revascularization

103 (6.6)

101 (6.5)

0.98 (0.76–1.28)

0.91

Sternal wound complication

29 (1.9)

54 (3.5)

1.87 (1.20–2.92)

0.005

Sternal wound reconstruction

10 (0.6)

29 (1.9)

2.91 (1.42–5.95)

0.002

*	Hazard ratios are presented for clinical outcomes, and relative risks for adverse events. Hazard ratios use the singlegraft group as the control.
†	These rows for clinical outcomes refer to all the events of myocardial infarction or stroke up to 5 years and not just
those that form part of the composite. Since death is a competing risk for myocardial infarction or stroke, the analysis
takes account of this, and therefore the hazard ratio refers to a subhazard ratio for these two rows.

Outcomes

A total of 5.1% of the trial participants (159
participants, including 84 in the bilateral-graft
group and 75 in the single-graft group) had unknown vital status at 5 years because of loss to
follow-up or withdrawal from the trial, although
they do contribute to the analysis with a mean
of 3.0 years of follow-up (Fig. 1). At 5 years of
follow-up, there were 134 deaths (8.7%) in the
bilateral-graft group and 130 deaths (8.4%) in
the single-graft group (hazard ratio with the
single-graft group as the control group throughout, 1.04; 95% confidence interval [CI], 0.81 to
1.32; P = 0.77) (Table 2 and Fig. 2A). Results were
similar after adjustment for age, sex, diabetes
status, and ejection fraction (hazard ratio, 1.03;
95% CI, 0.81 to 1.32; P = 0.80).
For the composite of death from any cause,
myocardial infarction, or stroke, there were 189
(12.2%) in the bilateral-graft group and 198 events
(12.7%) in the single-graft group (hazard ratio,
0.96; 95% CI, 0.79 to 1.17; P = 0.69) (Table 2 and
Fig. 2B). Results of the individual components of
this outcome are shown in Table 2; there were
no significant differences between the two groups.
Approximately half the deaths were classified as
being cardiovascular, with a hazard ratio that
n engl j med 375;26

was similar to that in the analysis of all-cause
mortality (Table S3 in the Supplementary Appendix).
An adjusted analysis of all-cause mortality on
a per-protocol basis showed a hazard ratio of
1.01 (95% CI, 0.78 to 1.31) in the bilateral-graft
group as compared with the single-graft group;
in the as-treated analysis, the hazard ratio was
0.98 (95% CI, 0.76 to 1.26) (Table S4 in the
Supplementary Appendix). Subgroup analyses did
not show any evidence of significant interactions
(Fig. 3).
The incidence of sternal wound reconstruction was 1.9% in the bilateral-graft group, as
compared with 0.6% in the single-graft group
(relative risk, 2.91; 95% CI, 1.42 to 5.95; P = 0.002)
(Table 2), and all these events occurred in the
first year after surgery. Sternal wound complications occurred in approximately twice as many
patients in the bilateral-graft group as in the
single-graft group, whereas the rates of major
bleeding events and the need for any repeat revascularization were similar in the two groups;
the rate of repeat revascularization was just over
6% in each group (Table 2). Angina status at
5 years according to the WHO Rose angina questionnaire showed similar results in the two groups,
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A All-Cause Mortality at 5 Yr
100
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Patients Who Died (%)

90

Bilateral graft

8

80

Single graft

6

70
60

4

50
40

2

30

0

20

Hazard ratio, 1.04 (95% CI, 0.81–1.32)
P=0.77
0

2

1

3

4

5

10
0

0

1

3

2

4

5

1389
1370

1332
1321

Year since Randomization
No. at Risk
Single graft
Bilateral graft

1554
1548

1502
1496

1467
1468

1435
1425

B Composite of Death from Any Cause, Myocardial Infarction, or Stroke at 5 Yr
100

15

Patients with Event (%)

90

Single graft

80

Bilateral graft

10

70
60

5

50

Hazard ratio, 0.96 (95% CI, 0.79–1.17)
P=0.69

40
30

0

20

0

2

1

3

4

5
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0

0

1

2

3

4

5

1322
1317

1261
1266

Year since Randomization
No. at Risk
Single graft
Bilateral graft

1554
1548

1448
1452

1410
1422

1371
1373

Figure 2. Primary Outcome of Death from Any Cause and Composite Outcome
of Death from Any Cause, Myocardial Infarction, or Stroke.
Panel A shows the rate of death from any cause at 5 years, and Panel B the
rate of the composite of death from any cause, myocardial infarction, or stroke
at 5 years. Hazard ratios use the single-graft group as the control. Insets
show the same data on an enlarged y axis.

with approximately 70% of the patients who responded to the questionnaire reporting no chest
pain. Mean quality-of-life scores as assessed by the
EQ-5D and SF-36 at 5 years showed no betweengroup differences for patients who provided data
(Table S5 in the Supplementary Appendix).

Discussion
In the ART, we randomly assigned patients undergoing CABG to single internal-thoracic-artery
2546
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grafting or bilateral internal-thoracic-artery grafting. In this 5-year analysis, there were no significant differences between the two groups in allcause mortality and in the composite rate of death
from any cause, myocardial infarction, or stroke,
even though bilateral internal-thoracic-artery
grafting was associated with significantly higher
rates of early sternal wound complications. Rates
of major bleeding events and the need for repeat
revascularization, angina status, and quality-oflife measures did not differ significantly between
the two groups.
The surgical techniques that were used in this
trial may influence the efficacy of CABG and
subsequent outcomes. A post hoc analysis of the
trial data at 1 year suggested that more careful
dissection of the internal thoracic artery (the
“skeletonized” technique) was associated with a
lower risk of sternal wound complications regardless of whether single or bilateral internalthoracic-artery grafts were used.30 Also, a post
hoc nonrandomized comparison from the trial
showed similar rates of clinical events among
patients receiving on-pump CABG and among
those receiving off-pump CABG, with slightly
higher rates of repeat revascularization among
patients who underwent off-pump CABG.31 Patients who underwent bilateral internal-thoracicartery grafting tended to have lower rates of
sternal wound complications if they underwent
off-pump CABG than if they underwent onpump CABG.31 These observations are consistent
with results of CORONARY (the CABG Off or On
Pump Revascularization Study), in which 4572
patients were randomly assigned to undergo onpump or off-pump CABG and which showed
similar clinical outcomes at 1 year with numerically higher rates of repeat revascularization in
the off-pump group.32
Long-term outcome after CABG, in spite of
the widespread use of single internal-thoracicartery grafting, is potentially limited by progressive reduction in the patency of vein grafts, which
are commonly used for target vessels other than
the left anterior descending coronary artery.33
Bilateral internal-thoracic-artery grafting may
provide better long-term outcomes than single
internal-thoracic-artery grafting plus vein grafts
because of the superior long-term patency of
arterial grafts, as compared with vein grafts.8,10
At 5 years, observational and randomized studies indicate that patency rates of both left and
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Subgroup

Single Graft

Hazard Ratio (95% CI)

Bilateral Graft

P Value for
Interaction

no. of deaths/total no. of patients (%)
Diabetes
No
Yes
Age
<70 yr
≥70 yr
Type of surgery
Off pump
On pump
Radial-artery graft
No
Yes
No. of grafts
<3
≥3
Ejection fraction
<50%
≥50%
Overall

0.62
94/1191 (7.9)
36/363 (9.9)

92/1177 (7.8)
42/371 (11.3)

0.99 (0.75–1.32)
1.14 (0.73–1.78)

73/1128 (6.5)
57/426 (13.4)
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Figure 3. Subgroup Analysis of Death from Any Cause.
The vertical dashed line indicates the hazard ratio for the overall population, and the diamond includes the hazard ratio with 95% con
fidence intervals. Hazard ratios use the single-graft group as the control. Data were missing as follows: type of surgery for 8 patients
in the single-graft group and for 16 in the bilateral-graft group; use of radial-artery graft for 7 and 14, respectively; number of grafts for
7 and 14, respectively; and ejection fraction for 44 and 43, respectively. The overall P value is for the comparison of the two groups.

right internal-thoracic-artery grafts and of radialartery grafts exceed 90%.13,34-37 Vein-graft patency
may also be improving over time, which may be
related in part to better control of risk factors
after CABG.33 In the ART, the rates of use of
aspirin, statins, beta-blockers, and ACE inhibitors (or angiotensin-receptor blockers) at 5 years
were high. There are also concerns that the survival benefits of bilateral internal-thoracic-artery
grafting, which may be apparent only over the
long term, may be more difficult to show in
older patients because of their shorter overall life
expectancy.38-40 Long-term follow-up is required
in order to detect any clinical advantages from a
second thoracic-artery graft.
Analysis of pooled observational data suggests
that mortality is approximately 20% lower with
bilateral grafts than with single internal-thoracicartery grafts.17-21 In spite of statistical corrections
and propensity matching, these studies may be
prone to bias in terms of patient and operator
n engl j med 375;26

selection.41 A post hoc analysis of the SYNTAX
(Synergy between Percutaneous Coronary Intervention with Taxus and Cardiac Surgery) trial
compared 5-year outcomes in 456 patients who
received a second arterial conduit (74% of whom
received bilateral internal-thoracic-artery grafting) with those in 963 patients who underwent
single internal-thoracic-artery grafting with additional vein grafts.42 After propensity-score adjustment, the incidence of major adverse clinical and
cardiac events was 23.3% with bilateral grafts
and 21.4% with single grafts (P = 0.20), and the
all-cause mortality was 9.1% and 9.5%, respectively (P = 0.84). This subanalysis of the SYNTAX
trial shows mortality results similar to those in
the ART at 5 years, which suggests a similar
risk profile of the patients who were enrolled in
these trials.
The absence of any midterm benefit from bilateral over single internal-thoracic-artery grafting in our trial might have several explanations.
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First, the rate of vein-graft failure within 5 years
may not be high enough to have an obvious adverse clinical effect. Second, there may not be a
direct association between vein-graft failure and
clinical events. Third, variation in surgeon experience may have reduced the effectiveness of bilateral grafting. In the ART, surgeons could adopt
a variety of configurations for bilateral internalthoracic-artery grafting that could influence efficacy. In practice, several configurations, including Y graft, free graft, and in situ configuration,
are all associated with excellent patency rates.43-45
Fourth, there may be little difference between the
effects of the two techniques on clinical outcomes, owing to better long-term vein-graft patency, asymptomatic vein-graft failure, and improved medical therapy.
Several limitations of this trial should be considered. First, this planned interim analysis of an
ongoing trial does not provide definitive longterm evidence regarding the comparison of CABG
with the use of single versus bilateral internalthoracic-artery grafting, which is still awaited.
Second, at 5 years, the trial has less power to
detect a difference in outcomes than is likely to
be the case at 10 years, with consequent wide
confidence intervals for the primary outcome.
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