archive ouverte UNIGE

http://archive-ouverte.unige.ch

Article

Impact of double internal thoracic artery grafts on long-term outcomes
in coronary artery bypass grafting

DANZER, Daniel, et al.

Abstract

We performed this study to determine if bilateral internal thoracic artery grafts provide greater
benefit than single internal thoracic artery grafts. Six hundred ninety-four consecutive patients
who received 2 coronary grafts in a single operation during 1983-1989 were given 10 years of
follow-up and then analyzed retrospectively. Group 1 (n=382) received 2 internal thoracic
artery grafts, Group 2 (n= 139) received 1 internal thoracic artery graft and 1 saphenous vein
graft, and Group 3 (n= 173) received 2 saphenous vein grafts. Patient demographics,
preoperative angiographic findings, and operative indications were the same. Hospital
mortality rates were 2.6%, 2.2%, and 2.3%, respectively. Hemorrhage, sternal wound
infection, mediastinitis, sternal dehiscence, and prolonged ventilatory support showed no
group differences. Follow-up over 10 years was complete in 677 survivors. Mortality rates
during follow-up were 1.8%, 2.9%, and 4.7%, respectively. Cardiac-related mortality rates
were 71%, 75%, and 88%, respectively (Group 1 vs Group 3, P=0.0412). Ten-year survival
was better for Group 1 than for Groups 2 and 3 [...]
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Impact of Double Internal
Thoracic Artery Grafts

on Long-Term Outcomes in
Coronary Artery Bypass Grafting

We performed this study to determine if bilateral internal thoracic artery grafts provide
greater benefit than single internal thoracic artery grafts. Six hundred ninety-four
consecutive patients who received 2 coronary grafts in a single operation during
1983—-1989 were given 10 years of follow-up and then analyzed retrospectively.

Group 1 (n=382) received 2 internal thoracic artery grafts, Group 2 (n=139) received 1
internal thoracic artery graft and 1 saphenous vein graft, and Group 3 (n=173) received 2
saphenous vein grafts. Patient demographics, preoperative angiographic findings, and
operative indications were the same.

Hospital mortality rates were 2.6%, 2.2%, and 2.3%, respectively. Hemorrhage,
sternal wound infection, mediastinitis, sternal dehiscence, and prolonged ventilatory
support showed no group differences. Follow-up over 10 years was complete in 677
survivors. Mortality rates during follow-up were 1.8%, 2.9%, and 4.7%, respectively.
Cardiac-related mortality rates were 71%, 75%, and 88%, respectively (Group 1 vs
Group 3, P=0.0412). Ten-year survival was better for Group 1 than for Groups 2 and 3
(P=0.0356 andP <0.0001). Cardiac-event-free survival at 10 years was 93% in Group 1,
84% in Group 2, and 74% in Group 3 (all P <0.0001).

The use of 2 internal thoracic artery grafts resulted in significantly lower risk of car-
diac death and re-intervention, compared with the use of 1 internal thoracic artery,
which in turn was superior to the use of vein grafts. Use of double internal thoracic ar-
teries did not increase postoperative complications. (Tex Heart Inst J 2001,28:89-95)

larization (C ABG) has become standard at most cardiac centers, because of
the IT A’s superiority over saphenous vein grafts in regard to long-term paten-

cy, patient survival, and the frequency of cardiac-related events and re-intervention.**
T o optimize the positive benefits of the IT A graft, this conduit has also been used with
good results as a sequential bypass graft for revascularization of the anterolateral part of
the heart.*” The outcomes achieved with IT A grafts in these applications, when com-
pared with vein-graft outcomes, heightened interest in using I'T A grafts bilaterally.®

However, many conflicting reports have led to confusion. On the negative side,
several investigators reported higher frequency of sternal infection, reoperation for
hemorrhage, prolonged ventilatory support,”® and even increased mortality, >
when double IT A grafts were used. Skepticism was strengthened by reports of fail-
ure to demonstrate additional survival advantages, when the use of 2 IT A grafts
was compared with the use a single IT A.>*"'"> On the other hand, some investiga-
tors reported additional benefits when 2 IT A grafts were used.'*'* Possible reasons
for these conflicting data are short follow-up periods and small patient popula-
tions. In a recent study, Lytle and associates® from Cleveland Clinic demonstrat-
ed—in a large patient population over the course of a 15-year follow-up
period—that patients who received 2 IT A grafts had a lower risk of death, reoper-
ation, and angioplasty than did those who received a single IT A graft.

In our present retrospective study, we report our experience, with 10 years of
follow-up, in 694 patients who underwent CABG with the use of 2 IT A grafts, or
1 ITA and 1 saphenous vein graft, or 2 saphenous vein grafts.

Patients and Methods

In search of the optimal surgical strategy for patients undergoing primary surgical
myocardial revascularization, we evaluated the effects upon long-term outcome of
double and single internal thoracic artery bypass grafts.

T he use of 1 internal thoracic artery (IT A) as a conduit in myocardial revascu-
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Our study design called for 3 consecutive series of
patients who had required at least 2 coronary artery
bypass grafts. For the necessary retrospective analysis,
patients had to have undergone at least 10 years of
postoperative follow-up. Group 1 patients received 2
IT A grafts, Group 2 received 1 IT A and 1 saphenous
vein graft, and Group 3 received 2 saphenous vein
grafts without any arterial grafts. T o avoid selecting pa-
tients, we chose to examine the records of consecutive
patients from the following periods: Group 1 patients
had undergone operation from the end of 1984
through mid-1989, Group 2 patients from mid-1984
through the end of 1985, and Group 3 patients during
1983 and the beginning of 1984. Throughout this en-
tire period, techniques for anesthesia and cardiopul-
monary bypass were not changed at our institution.
Preoperative patient characteristics, angiographic find-
ings, and operative data were collected and analyzed to
ensure that the study groups were comparable.

The study’s primary end-points were hospital mor-
tality, postoperative complications, long-term survival,
and cardiac-event-free survival. Hospital mortality
(death within 30 postoperative days) and postopera-
tive complications were analyzed for each group. Dur-

ing the follow-up period, deaths (both cardiac and non-
cardiac), re-interventions (whether redo CABG, percu-
taneous transluminal coronary angioplasty [PTCA], or
both), and symptomatic myocardial infarction were
recorded. Cumulative survival and cardiac-event-free sur-
vival rates were calculated.

Because coronary control angiography was not per-
formed routinely during the study period, complete
records concerning graft patency were unavailable.
However, at redo CABG and PTCA, the patency of
IT A and saphenous vein grafts was analyzed, which
yielded some indication of patency rates for the dif-
ferent graft materials.

Preoperative patient characteristics and preopera-
tive angiographic findings are summarized in T able I.
In comparing each group with the others, we found
no statistically significant differences in any of the
parameters, except for a lower mean preoperative left
ventricular ejection fraction (LVEF) (P=0.0001) in
Group 1 and 3 patients, when compared with Group
2 patients. Other than that, the groups were indeed
comparable.

Surgical Data. All patients underwent operation
through a median sternotomy with cardiopulmonary

TABLE . Preoperative Datain 3 Groups of Patients* Undergoing Coronary Artery Bypass Grafting

Group 1~ Group 2* Group 3*
Preoperative (n=382) (n=139) (n=173)
Data No. (%) No. (%) No. (%)

Age (yr; mean = SD) 59.8+8.8 571+8.5 576+76
Age range (yr) 25-79 36 —-76 34-74
Male 336 (88) 125 (89.9) 158 (91.3)
Reoperative CABG 19 () 12 (8.6) 4 (2.3)
Emergency operation 8 (2.1) 3 (2.2) 6 (3.5)
Urgent operation** 61 (16.0) 25 (18.0) 36 (20.8)
Arterial hypertension 217 (56.8) 80 (576) 98 (56.7)
Hyperlipidemia 238 (62.3) 87 (62.6) 107 (61.9)
Smoking 175 (45.8) 69 (49.6) 81(46.8)
Diabetes mellitus 52 (13.6) 18 (13.0) 22 (12.7)
Multifocal vascular disease 12 (3) 6 (4.3) 7 @)
Triple-vessel coronary artery disease 330 (86.4) 116 (83.5) 143 (82.7)
Main left coronary artery disease 83 (21.7) 25 (18.0) 42 (24.2)
LVEF <0.40 62 (16.2) 21 (15.1) 31 (17.9)
Preoperative LVEF (mean + SD) 0.57+ 176 0.61+19.6 0.55+24.6

CABG = coronary artery bypass grafting; LVEF = left ventricular ejection fraction (calculated from ventriculography)

* Group 1 patients received 2 internal thoracic artery (ITA) grafts;

Group 2 patients received 1 ITA graft and 1 saphenous vein graft;

Group 3 patients received 2 saphenous vein grafts.

** QOperation was considered urgent when surgery was performed within 48 hours of urgent admission.
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bypass (CPB) support at a moderate hypothermic
(28 °C) level. Myocardial protection was achieved by
antegrade, intermittent administration of cold St.
Thomas's cardioplegic solution and by cardiac cooling
with ice slush. There were no group differences in op-
erative parameters, except with regard to the conduits
used. The IT A conduits were prepared as pedicled
grafts.

Statistical Analysis. All statistical analyses were per-
formed using StatView software, version 4.5 (Abacus
Concepts; Berkeley, Calif). Student’s ¢-test (1-sample
paired test), the Mann-Whitney test, and the Fisher
exact test were used to examine the differences be-
tween groups for statistical significance, where ap-
propriate. A probability level of P <0.05 was regarded
as significant. Nonparametric estimates of survival
(avoidance of death from any cause, both in the hos-
pital and after discharge) and of cardiac-event-free
survival (avoidance of death, together with freedom
from myocardial infarction or cardiac re-intervention
such as redo CABG and PTCA) were calculated for
each group by the Kaplan-Meier method.

Results

Postoperative complications in the 3 groups are listed
in Table II. The hospital mortality rates were 2.6%,
2.2%, and 2.3%, respectively. There were no statisti-

cally significant differences in any of the postopera-
tive parameters when each group was compared with
each of the others.

Follow-up over 10 years was complete in 677 out
of 694 hospital survivors, leaving only 17 patients
(2.5%) lost to follow-up. The patients lost to follow-
up were equally distributed among the groups. Some
follow-up results are summarized in Table III. The
overall mortality rates during follow-up were 1.8%
(Group 1), 2.9% (Group 2), and 4.7% (Group 3),
without statistically significant differences. Cardiac
related mortality rates were 1.4%, 2.2% and 4.1%
respectively, and here Group 1 showed a statistically
significant (P=0.0412) reduction in mortality when
compared with Group 3. Redo CABG and PTCA oc-
curred more frequently in Groups 2 and 3 than in
Group 1 (P <0.0001), and redo CABG was required
more often in Group 2 than in Group 1 (P <0.0001)
(Table III). When all cardiac events that occurred
during follow-up (cardiac death, redo CABG, PTCA,
and instances of myocardial infarction not related to
interventions) were totaled, Group 1 showed signif-
icant superiority to Group 2 (P <0.0001), and pa-
tients in Group 2 demonstrated significantly fewer
cardiac events than did patients in Group 3 (P
<0.0001).

Survival and Cardiac-Event-Free Survival. Early cu-
mulative survival rates were similar for all 3 groups,

TABLE Il. Postoperative Data in 3 Groups of Patients* Undergoing Coronary Artery Bypass Grafting

Group 1* Group 2~ Group 3*
Postoperative (n=382) (n=139) (n=173)
Data No. (%) No. (%) No. (%)
Hospital deaths 10 (2.6) 3 (2.2 4 (2.3)
Nonfatal myocardial infarctions 3 (0.8) 2 (14) 2 (1.2
Postoperative low cardiac 47 (12.3) 13 (9.4) 25 (14.5)
output (Cl <2 L/min/m?)
Neurologic events 0.8) 1(0.7) 1 (0.6)
Gastrointestinal complications (2.1) 3 (22 3 (1.7)
Acute renal failure 17 (4.5) 9 (6.5) 10 (5.8)
Prolonged ventilatory support 12 (3.1) 7 (5.0 6 (3.5)
Sternal instability 4 (1.1) 1(0.7) 2 (1.2
Sternal wound infection 5 (1.3) 2 (14) 2 (1.2
M ediastinitis 1 (0.3) 0 1 (0.6)
Hemorrhage 2 (0.5) 10.7) 1 (0.6)
No. patients available for 372 136 169

10-year follow-up

Cl = cardiac index

* Group 1 patients received 2 internal thoracic artery (ITA) grafts;

Group 2 patients received 1 ITA graft and 1 saphenous vein graft;

Group 3 patients received 2 saphenous vein grafts.
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TABLE lll. Follow-Up Data during the 10-Year Follow-Up after CABG in 3 Groups of Patients*

Group 1* Group 2* Group 3*
Follow-Up (n=372) (n=136) (n=169)
Data No. (%) No. (%) No. (%)
Overall deaths 7(1.9) 4 (2.9) 8 (4.7)
during follow-up
Cardiac-related deaths 5(1.4) 322 7 (4.1)
Cardiac mortality rate 1% 75% 88%
(% of total deaths)
Myocardial infarction 5(1.3) 322 8 (4.7)
(including cardiac deaths)
PTCA 6 (1.6) 5(3.7) 12 (7.1)
Reoperative CABG 5(1.3) 11 (8.1) 23 (13.6)

CABG = coronary artery bypass grafting; PTCA = percutaneous transluminal coronary angioplasty

* Group 1 patients received 2 internal thoracic artery (ITA) grafts;

Group 2 patients received 1 ITA graft and 1 saphenous vein graft;

Group 3 patients received 2 saphenous vein grafts.

but at 10 years, survival was best in Group 1, in
comparison with Groups 2 and 3 (P=0.0356 and
P <0.0001, respectively). Cardiac-event-free survival
at 10 years also showed highly significant differences
between the groups: 92.6% in Group 1, 83.5% in
Group 2, and 74.4% in Group 3 (all group compar-
isons resulted in P <0.0001) (Fig. 1).

Mortality Analysis. Both hospital deaths and deaths
occurring during the follow-up period are summa-
rized in TableIV. Asa consequence of the small num-
bers, no statistically significant group differences
were found, but there was a clear trend in Group 1
towards later death, when compared with Group 3.

Re-Interventions Among patients who needed reop-
erative CABG during the follow-up period, Group 1
patients also demonstrated a trend towards a much
longer delay before redo CABG became necessary,
when compared with their counterparts in Group 3
(Table V). Strikingly, at redo CABG, 90% of the
IT A grafts were patent, which indicated general pro-
gression of the disease rather than conduit failure;
conversely, vein graft patency was only 46%, which
indicated progression of disease within the conduit it-
self, in addition to the general progression that could
be expected during the course of a decade. Findings
were similar for patients who required PTCA as inter-
vention during follow-up (Table V).

Discussion

Excellent clinical results in patients undergoing my-
ocardial revascularization with single IT A grafts
(compared with saphenous vein grafts) have prompt-
ed surgeons to use bilateral IT A grafts.*** Despite
longer aortic occlusion times and slightly longer CPB
times among patients who received 2 ITA grafts,
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Fig. 1 Comparison of patients who underwent myocardial
revascularization with 2 ITA grafts (Group 1), 1 ITA plus 1

vein graft (Group 2), and only vein grafts (Group 3) in terms of
A) cumulative survival and B) cumulative cardiac-event-free
survival. The numbers of patients at risk during each interval
of follow-up are listed between the figures.

Pick’s group" did not observe any important differ-
ences in perioperative mortality and morbidity rates
when these patients were compared with those who
had received only 1 IT A graft. These findings corre-
spond with our results in the present study.
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TABLE IV. Analysis of Mortality Rates* after Coronary Artery Bypass Grafting Using Different Bypass Conduits

Parameters Group 1** Group 2* * Group 3**
Hospital deaths™ * *
Number of patients 10 3 4
Mean age at operation (yr) 62.7 + 119 64.5+0.7 59.3+10.5
Age at operation (yr; range) 50-79 60 —65 45-69
Male 8 (80%) 2 (67%) 3 (75%)
Mean time interval (day) 3.8+18 1 3.8+5.1
Operating room mortality 5 (50%) 2 (67%) 2 (50%)
Deaths upon follow-up
Number of patients 7 4 8
Mean age at operation (yr) 57.7+11.7 64.3+79 54.4+6.3
Age at operation (yr; range) 40-68 59-76 47-70
Male 6 (86%) 4 (100%) 8 (100%)
Mean time interval (yr) 6.2+46 50£53 45+28
Noncardiac deaths 2 (29%) 1 (25%) 1(13%)
Cardiac deaths 5(71%) 3 (75%) 7 (88%)
Within 6 months 1 (20%) 1 (33%) 1 (14%)
6 months to 5 years 1(20%) 1 (33%) 4 (57%)
5to 9 years 1 (20%) 1 (33%) 2 (29%)
10 years 2 (40%) 0 0

* There were no statistically significant group differences in any of the parameters analyzed.

** Group 1 patients received 2 internal thoracic artery (ITA) grafts;
Group 2 patients received 1 ITA graft and 1 saphenous vein graft;

Group 3 patients received 2 saphenous vein grafts.

*** Hospital death is defined as death within 30 postoperative days.

Even though several reports have shown a signifi-
cantly diminished reoperation rate and fewer cardiac-
related events when double IT A grafts were used
(compared with single IT A grafts),>**? other investiga-
tors have described higher frequency of sternal infec-
tions and reoperations for hemorrhage*" Particularly
in patients with insulin-dependent diabetes, bilateral
IT A grafts have been associated with a dramatic in-
crease in sternal wound infections.*'* However, Uva
and co-authors'” recently reported their experience of
double IT A myocardial revascularization in young pa-
tients with diabetes, which was accomplished without
increased morbidity or mortality. This observation is
similar both to our findings and to those recently
reported by the Cleveland Clinic group,” which
showed that the slightly increased rate of sternal
wound infections in diabetic patients who received
bilateral IT A grafts was negligible when compared
with the corresponding sternal wound infection rate
that they observed after single IT A grafting. These
findings are important because diabetes is a major in-
dependent risk factor for coronary atherosclerosis: pa-
tients with diabetes are at higher risk than the general
population for both myocardial infarction and more
extensive coronary artery disease.” In patients with
diabetes who have multiple-vessel disease, PT C A usu-

Texas Heart Institute Journal

ally yields less complete revascularization than does
SUrgery.

Several groups®”'>'*** have attempted to determine
whether double IT A grafting results in better long-
term survival than does single IT A grafting, but their
efforts have failed to show increased survival rates
with double IT A after 5 years. However, all these
studies have shown that patients with double IT A
grafts had significantly fewer complications of isch-
emic heart disease during follow-up than did those
with only 1 ITA graft. This reduction in cardiac-
related events further supports the hypothesis that
use of 2 IT A grafts decreases late cardiac deaths, com-
pared with use of 1 IT A.#21112

One important issue in investigating the benefits
of double IT A grafting, compared with single, is that
of patient selection. Patients of advanced age (>70
years), women, and patients with insulin-dependent
diabetes are less likely to receive double IT A grafts.**
In the present report, there were no differences be-
tween the study groups in regard to these or any other
parameters that would seriously bias patient selec-
tion. It should be emphasized that during the period
when patients in this study underwent operation, the
indications for using double IT A grafts were very lib-
eral. One limitation of our study is that it was a ret-
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TABLEV. Analysis of Re-Interventions™ during 10 Years’ Follow-Up of Coronary Artery Bypass Grafting

Group 1** Group 2** Group 3**
Parameters (n=372) (n=136) (n=169)
Reoperative CABG

Number of patients 5 1 23
Mean age at operation (yr) 54.0+8.9 585+8.4 549+73
Age at operation (yr; range) 40 -62 42 -71 39-63
Male 5 (100%) 8 (73%) 22 (96%)
Interval to re-intervention (yr) 6.8+ 4.6 6.2+3.7 6.2+3.0

Range (yr) 0.7-10 05-10 1-10
Re-intervention <1 year 1 (20%) 2 (18%) 1 (@%)
Re-intervention 1 =5 yr 0 3 (27%) 9 (89%)
Re-intervention 5—10 yr 4 (80%) 6 (55%) 13 (57%)
Patent ITA graft 9/10 (90%) 1011 (91%) —
Patent vein graft — 511 (46%) 21/46 (46%)
Good outcome of

re-intervention 4 (80%) 9 (81%) 17 (74%)

PTCA

Number of patients 6 5 12
Mean age at operation (yr) 60+8 65+9 617
Male 4 (67%) 3 (60%) 10 (83%)
Interval to re-intervention (yr) 72 7+4 5+3
Range (yr) 4-10 0.2-10 04-10
Patent ITA graft 6/12 (50%) 4/5 (80%) —
Patent vein graft — 2/5 (40%) 5/24 (21%)
Good outcome of 4 (67%) 4 (80%) 8 (67%)

re-intervention

CABG = coronary artery bypass grafting; ITA = internal thoracic artery; PTCA = percutaneous transluminal coronary artery
* There were no statistically significant group differences in any of the parameters analyzed.

** Group 1 patients received 2 internal thoracic artery (ITA) grafts;
Group 2 patients received 1 ITA graft and 1 saphenous vein graft;
Group 3 patients received 2 saphenous vein grafts.

rospective, nonrandomized study of consecutive pa-  bilateral IT A grafting affords better long-term sur-

tients who underwent myocardial revascularization at
1 institution. On the other hand, our study groups
were directly comparable to one another, with no dif-
ferences regarding preoperative patient characteris-
tics, preoperative angiographic findings, or operative
data. A 2nd limitation was the absence of routine fol-
low-up angiography, which precluded analysis of
graft patency rates. However, our survival data (par-
ticularly in regard to the impact of cardiac death), to-
gether with cardiac-event-free survival rates for the 3
study groups, directly imply good conduit function
in the long term, even though other factors, such as
completeness of revascularization and subsequent
progression of native vessel disease, also have an im-
portant impact on these indicators.*

The duration of follow-up and the number of pa-
tients studied are other potential limiting factors in
evaluating the impact of double and single IT A grafts
on long-term survival rates. The lack of evidence that
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vival than does single IT A grafting has been the main
argument used by the opponents of multiple arterial
revascularization.

In their recent study, Lytle and coworkers' used
multiple statistical strategies to evaluate the records
of more than 10,000 patients who had received ei-
ther single or bilateral IT A grafts, and whose cases
had been followed for as long as 20 years. In so
doing, they proved beyond doubt that patients who
received 2 IT A grafts demonstrated decreased risks of
death, reoperation, and angioplasty, when compared
with those who had only 1 IT A graft.'> A European
study done in a similar fashion," also with a large
number of patients, had failed to show an advantage
of double IT A over single IT A grafting with regard
either to survival or to reoperation-free survival. Lytle
and colleagues® speculated that this conflicting out-
come could be attributed to differences between the
European and American medical environments, in
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customary indications both for primary bypass sur-
gery and for reintervention. However, the present
study from a European cardiac center shows results
very similar to those reported by Lytle’s group.' Al-
though our experience was drawn from a smaller
number of patients, all of our patients underwent
careful follow-up over the course of 10 years.

We have shown clearly that the strategy of bilateral
IT A grafting has a significant effect at 10 years on
lowering both mortality and re-intervention rates
(whether CABG or PTCA), when compared with the
rates observed when single IT A grafts are used as by-
pass conduits, together with saphenous vein grafts (P
<0.0001). It was shown, furthermore, that both sur-
vival and cardiac-event-free survival were significant-
ly better when 1 IT A graft was used in combination
with saphenous vein grafts, than when only vein
grafts were used for myocardial revascularization. Be-
cause double IT A grafting does not increase postop-
erative morbidity, its choice constitutes the optimal
surgical strategy in patients undergoing primary
CABG.
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