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Abstract

 

Background.

 

Aortocoronary bypass surgery
has been performed most often with the patient’s sa-
phenous vein as the conduit. The internal-thoracic-artery
graft, which has superior patency rates, has been shown
to have clinical advantages, but it is not known how long
these advantages persist.

 

Methods.

 

We identified all the patients in the registry
of the Coronary Artery Surgery Study who had under-
gone first-time coronary-artery bypass grafting. Those
with internal-thoracic-artery bypass grafts (749 patients)
were compared with those with saphenous-vein bypass
grafts only (4888 patients) with respect to survival over
a 15-year follow-up period.

 

Results.

 

In a multivariate analysis to account for dif-
ferences between the two groups, the presence of an
internal-thoracic-artery graft was an independent pre-
dictor of improved survival and was associated with a
relative risk of dying of 0.73 (95 percent confidence in-

terval, 0.64 to 0.83). This improved survival was also ob-
served in subgroups including patients 65 years of age
or older, both men and women, and patients with im-
paired ventricular function. The survival curves of the
two groups showed further separation over the years of
follow-up, with a more marked downsloping after eight
years in the curve for the group with saphenous-vein
grafts only than in that for the group with internal-thorac-
ic-artery grafts.

 

Conclusions.

 

As compared with saphenous-vein cor-
onary bypass grafts, internal-thoracic-artery grafts con-
ferred a survival advantage throughout a 15-year follow-
up period. The survival advantage increased with time,
suggesting that the initial selection of the conduit was a
more important factor in survival than problems appear-
ing long after surgery, such as the progression of coro-
nary disease. (N Engl J Med 1996;334:216-9.)
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HE internal thoracic artery (ITA) graft, which is
used in coronary-artery bypass surgery, has been

found in many single-institution clinical studies to be a
superior conduit.
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 The Coronary Artery Surgery Study
(CASS), a multicenter study with prospective clinical
data in a large registry of 24,958 patients with suspect-
ed coronary artery disease, provides an opportunity to
evaluate the ITA graft over a 15-year period in 15 cen-
ters. The extended follow-up makes it possible to deter-
mine whether the clinical benefit of the ITA graft per-
sists or whether other factors, such as the progression
of coronary disease in vessels not bypassed or in vessels
distal to the graft anastomoses, have a more important
bearing on survival.

 

M

 

ETHODS

 

From the CASS registry, we identified the 8271 patients who had
undergone first-time coronary-artery bypass grafting. Patients who
had had repeated bypass surgery, those with congenital coronary
anomalies, and those who had had associated cardiac surgery not in-
volving the coronary arteries were excluded. Only patients with inde-
pendent grafts with a single anastomotic site each were included. Ex-
cluded were 2131 patients with sequential grafts, 389 with 

 

Y

 

-vein
grafts, 16 with sequential ITA grafts, and 14 with double ITA grafts.
A total of 2499 patients fell into one or more of these categories. We
also excluded 17 patients whose survival times were unknown and 118
patients for whom inadequate details regarding grafts were available.
The study groups to be compared thus included 4888 patients with
one or more vein grafts, each with a single anastomotic site, and 749
patients with single ITA grafts, with or without associated vein grafts,

each with a single anastomotic site. All the vein grafts were reversed
autogenous saphenous veins. There were no ITA implants or other ar-
terial conduits. Beginning in 1974, follow-up information was ob-
tained by mail and telephone interviews according to the CASS pro-
tocol.
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 From 1988 to 1991, a questionnaire covering less detailed
information was used.

Definitions used in the study have been reported elsewhere.
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 Brief-
ly, they are as follows. Operative mortality was defined as death with-
in 30 days of surgery. Coronary-artery stenoses were considered clin-
ically important if there was a visually estimated luminal narrowing
of at least 50 percent of the diameter of the left main coronary artery
or at least 70 percent in any other coronary-artery segment. Clinically
important stenosis of the left main coronary artery was considered to
constitute double-vessel disease. The left ventricular score was the
sum of the scores for each of the five segments viewed in the 30-
degree right anterior oblique projection, with each segment coded as
follows: normal contractility, 1; moderate hypokinesis, 2; severe hypo-
kinesis, 3; akinesis, 4; and dyskinesis, 5. Complete revascularization
was considered to have been accomplished when all major vessels
with clinically important stenosis were bypassed. Surgery was classi-
fied as elective, urgent, or emergency.

 

Statistical Analysis

 

Characteristics of the patient groups were compared by chi-square
tests. Long-term survival was estimated by Kaplan–Meier methods.
Variability in the estimates was indicated by point-wise confidence in-
tervals at 15 years. Statistical comparisons of survival were made by
the log-rank test. The Cox model was used to adjust for the effects on
survival of other characteristics of the patients. The hazard function,
which is the risk of dying within a short interval after a given time,
was estimated nonparametrically with the use of life-table methods.
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R

 

ESULTS

 

Follow-up was 99 percent complete until 1982 and 94
percent complete when the questionnaire was used in
the period 1988 to 1991. The duration of follow-up was
up to 18.3 years (mean, 16.8). The clinical characteris-
tics of the patients with ITA grafts and those without
such grafts are shown in the univariate analysis in Ta-
ble 1. Patients with ITA grafts were younger, had less
impaired left ventricular function, less frequently had
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after bypass surgery for the patients with vein grafts and
for those with ITA grafts; these rates are shown in Figure
2. Both rates are high at the first time point in association
with the operative mortality and fall to very low levels at
the end of the first year. At each time point, the estimated
hazard rate is lower for the patients with ITA grafts than
for those with vein grafts. The difference appears to in-
crease after eight years. The sudden change in the group
with ITA grafts at years 13 and 15 is attributed to the
small numbers of patients at risk at these time points.

 

D

 

ISCUSSION

 

This study, involving 15 clinical sites in United States
and Canada, has shown that the use of the ITA as a by-
pass conduit in coronary surgery performed more than
15 years ago was an independent predictor of survival
during the subsequent 15 years. The improved survival
was seen among men as well as women, among younger
as well as older patients, among those with well-pre-
served ventricular function and those with impaired
ventricular function, and among those without clinical-
ly important disease of the left main coronary artery as
well as in those with clinically important disease. Sev-
eral of these subgroups are currently excluded at many
centers from being considered to receive an ITA graft.

We have presented both survival estimates and haz-
ard-rate estimates to show that the lower mortality rate
for the patients with ITA grafts persisted after the initial

 

*ITA denotes internal thoracic artery.

†Left ventricular scores are explained in the Methods section.

 

Table 1. Univariate Analysis of Characteristics of the Patients
with ITA Grafts and Those with Vein Grafts Only.
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65 yr 8 10 0.02

Stenosis of left main coronary
artery 

 

�

 

50%
10 14 0.001

Left ventricular score 
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10† 22 26 0.006

 

�

 

3 grafts 60 47

 

�

 

0.001

Elective surgery 82 80 0.09

Proximal stenosis of left anterior 
descending artery 

47 44 0.12

Triple-vessel disease 47 43 0.11

Female sex 16 17 0.49

 

Table 2. Predictors of Mortality According to Cox Multivariate
Analysis and Hazard Ratios.
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Older age

 

�

 

0.001 1.04 1.03–1.04

Higher left ventricular score

 

�

 

0.001 1.08 1.07–1.09

More vessels diseased

 

�

 

0.001 1.27 1.20–1.35

Absence of ITA graft

 

�

 

0.001 1.37 1.20–1.56

Stenosis of left main coronary artery 

 

�

 

50% 0.004 1.19 1.05–1.32

Female sex 0.011 1.15 1.03–1.28

 

clinically important stenosis in the left main coronary
artery, and more often received three or more grafts.
The proportions of patients with stenosis in the proxi-
mal left anterior descending artery, triple-vessel disease,
and female sex were not significantly different in the
two groups. We performed a multivariate analysis
(Table 2) using a Cox proportional-hazards model with
the covariates age, sex, left ventricular score, percent
stenosis of the proximal left anterior descending artery,
percent stenosis of the left main coronary artery, number
of vessels that were diseased, number of grafts, surgical
priority, and presence or absence of an ITA graft. The
analysis identified the presence of an ITA graft as a sig-
nificant predictor of survival (P

 

�

 

0.001). The presence
of an ITA graft reduced the risk of dying by a factor of
0.73 (95 percent confidence interval, 0.64 to 0.83).

Estimated rates of survival at 15 years (Table 3) were
significantly higher for patients with ITA grafts, both for
those with severely impaired ventricular function and
for those with normal or near-normal ventricular func-
tion, both for men and for women, and both for younger
and for older patients. A benefit was seen among pa-
tients without left main coronary-ar-
tery stenosis, but among those with
left main coronary-artery stenosis of
50 percent or more, the estimated
survival rates, although improved
with ITA grafts, did not reach statis-
tical significance.

Figure 1 shows the consistent sep-
aration of the cumulative survival
curves for the patients with ITA grafts
and for those without them; there is a
further increase in the downslope of
the curve for vein grafts only and
thus more accelerated separation of
the two curves beginning at eight
years. To evaluate this trend, we esti-
mated the hazard rates for each year

 

*P

 

�

 

0.05 for all comparisons, with the exception of the comparison of patients with left main coronary-artery stenosis
of at least 50 percent in the two groups, for which P

 

�

 

0.14. ITA denotes internal thoracic artery, and CI confidence interval.

†Left ventricular scores are explained in the Methods section.

 

Table 3. Estimated Survival Rates at 15 Years.
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Male
Female

575
157

626
123

71
55

68
63

67–71
47–63

64–71
54–71

3471
1236

4035
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61
43

56
55

59–63
40–45

55–58
51–58

Age
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65 yr
691
58

69
48

65–72
34–60

4379
509

59
34

57–60
30–38

Stenosis of left main coronary artery 
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674
73

69
53

65–72
41–64

4196
689

58
46
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42–50
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perioperative period. After the first year, the hazard
rates for both patient groups increased in an essentially
linear fashion, but after the eighth year the hazard rate
for the patients with vein grafts appeared to increase
more rapidly than the rate for patients with ITA grafts.
This is a time when there is a higher likelihood that sa-
phenous-vein grafts will close,
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 a factor that may ac-
count for the increasing difference. Vein grafts develop
accelerated atherosclerosis and intimal fibrosis, whereas
the ITA grafts have been shown at postmortem
examination
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 in all age groups to have little if any evi-
dence of atherosclerosis.

This was an observational study, not a randomized tri-
al. Thus, we cannot exclude the possibility that unmeas-
ured variables may have contributed to the better out-
come in the group with ITA grafts. However, when we
used multivariate statistical techniques to account for im-
portant clinical differences between the two groups of
patients, we still found a significant survival advantage
associated with the use of an ITA graft.

These results showing improved survival with the ITA
graft appear to demonstrate that the initial selection of
an ITA graft has a more important influence on survival
than factors that appear after surgery, such as the pro-
gression of coronary disease in vessels that were not by-
passed or in bypassed vessels distal to the anastomoses.
If the progression of coronary disease were the dominant
force, then the curves would be expected to be similar.

The expanded use of the ITA with bilateral and se-
quential ITA grafts, with resultant multiple-vessel ITA
anastomoses, may result in both further reduction in the
frequency of clinical events and improvement in surviv-
al.
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 It seems reasonable to expect such a benefit because
prolonged patency of the conduit is obviously required
for improved survival. However, the added advantage of

a second or third ITA anastomosis is not expected to be
as great as the enhanced benefit from the first anastomo-
sis, since the first ITA graft will probably be selected to
supply the left anterior descending coronary artery,
which is the dominant vessel responsible for preserving
ventricular function. Indeed, a 17-year follow-up study
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of 1087 patients receiving bilateral ITA grafts showed an
actuarial survival of 56.2

 

�

 

5.9 percent, which is not
much different from the result with a single ITA graft in
this study. In the 17-year follow-up study, the patency
rates for the right ITA grafts were lower than for the left
ITA grafts (85 percent vs. 92 percent), perhaps affecting
the follow-up results. 

It will probably be necessary to follow large groups of
patients for long periods to show a statistical difference

in survival between patients receiv-
ing one ITA graft and those receiving
two, and even longer to show a dif-
ference between patients with two
ITA grafts and those with three or
more. Of necessity, these grafts will
have to be placed by surgeons expert
in the techniques required for such
small structures. There have been re-
ports of decreased patency of right
ITA grafts
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 — undoubtedly a reflec-
tion of the surgical difficulties en-
countered in the use of this graft as
opposed to the left ITA. Indeed, one
study

 

14

 

 suggested that the operating
microscope is a necessary tool in
dealing with ITA–coronary anasto-
moses, and its use was an independ-
ent predictor of mortality over a 20-
year follow-up period.

In spite of the passage of 15 years,
the results of this study are applica-
ble today. Although the current high

 

Figure 1. Estimated Survival Rates for Patients with Internal-Thoracic-Artery (ITA)
Bypass Grafts and Those with Vein Grafts.
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Figure 2. Estimated Hazard Rates for Each Year after Bypass
Surgery for Patients with Internal-Thoracic-Artery (ITA) Grafts

and Those with Vein Grafts.
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rate of percutaneous transluminal coronary angioplasty
and other coronary interventions, as well as improved
surgical techniques, has resulted in a shift in the pool of
surgical candidates to include those with more adverse
risk factors,

 

15

 

 these patients will benefit from the use of
ITA grafts. In fact, in patients with a poor surgical out-
look, it is most important to offer the benefit of an ITA
graft. The ITA graft is a powerful surgical tool and
should not be withheld from any subgroup of patients.
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