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Bilateral skeletonized mammary

artery grafting:

experience with 560 consecutive patients

Abstract Objective. To test the hy-
pothesis that the skeletonized tech-
nique of harvesting the internal tho-
racic artery improves the surgical
results of bilateral internal thoracic
artery grafting, we reviewed our
7-year experience with this tech-
nique.

Methods. Between July 1987 and
December 1994, 560 patients re-
ceived bilateral internal thoracic
artery grafts and 236 additional
grafts (average 2.6 +0.6 anastomoses
per patient). There were 515 men
(92%) and the average age was
56.9+£8.8 years. There were 63 dia-
betic patients (11.3%). During har-
vesting, the internal thoracic arteries
were always totally skeletonized
from the surrounding tissues without
the use of electrocautery.

Results. Postoperative complications
included reoperation for bleeding,
17 patients (3%), phrenic nerve
paresis, 17 patients (3%), acute
respiratory distress syndrome,

9 patients (1.6%), digestive compli-

cations, § patients (1.4%), neuro-
logic complications, 6 patients
(1.1%), and sternal complications,

6 patients (1.1%). No wound compli-
cations were observed in diabetic
patients. The hospital mortality rate
was 1.6% (9 patients, 2 cardiac
causes). The early patency of inter-
nal thoracic artery grafts was 97.9%.
Follow-up averages 29 +20 months.
There were 14 late deaths (4 cardiac
causes). Angina recurred in 51 pa-
tients and the maximal stress test
was abnormal in 47 patients.
Conclusion. Bilateral internal tho-
racic artery grafting with skeleton-
ized harvesting carried low post-op-
erative mortality and morbidity and
therefore it could be applied rou-
tinely without the fear of increased
complication rate. [Eur J Cardio-tho-
rac Surg (1996) 10:971-976]

Key words Bilateral internal
thoracic artery grafting - Coronary
surgery - Internal thoracic artery -
Skeletonized ITA

Introduction

Patients receiving the left internal thoracic artery (ITA) to
the left anterior descending coronary artery (LAD) have
increased longevity and greater freedom from ischemic
cardiac events than patients having saphenous vein grafts
only [12, 17]. However, few studies show that the use of
both ITAs results in a better cardiac event-free survival
than the use of the left ITA alone {5, 7, 10]. To achieve

such an improvement in cardiac event-free survival, one
should question at what ,,price* this can be reached in terms
of hospital mortality and morbidity. The aim of grafting
both ITAs is to obtain similar hospital mortality and mor-
bidity rates as the use of only the left ITA. In this regard,
the mobilization of the ITA as a skeletonized vessel seems
to reduce postoperative morbidity and, particularly, the in-
cidence of sternal wound infections 8, 11]. We present a
retrospective analysis of our 7-year experience with 560
patients receiving bilateral skeletonized ITA grafting.
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Patients and methods

From July 1987 to December 1994, 560 patients underwent coronary
revascularization with both ITAs and supplemental grafts, operated
on by the same surgeon (OB). This patient group represents 60% of
the entire patient population receiving coronary bypass grafts dur-
ing the period in question. There were 515 men (92%) and 45 wom-
en (8%) ranging in ages from 25 to 78 years. The mean age was
56.9 £8.8 years. Coronary risk factors in the series included hyper-
tension in 204 patients (36.4%), hyperlipidemia in 323 patients
(57.7%), smoking in 375 patients (67%), positive family history in
128 patients (23%) and previous myocardial infarction in 273 pa-
tients (49%). Diabetes was found in 63 patients (11.3%) but only
5 patients had insulin-deficient diabetes. Only 24 patients had no risk
factors (4.3%). Preoperative angiography demonstrated triple-ves-
sel disease in 392 patients (70.0%) and double-vessel disease in the
remaining 168 patients (30.0%). Left main coronary artery disease
(greater than 50% stenosis) was present in 140 patients (25%). Ejec-
tion fraction was greater than 50% in 344 patients (61%), between
30% and 50% in 118 patients (21%) and less than 30% in 20 patients
(4%). A record of the ejection fraction was unavailable in 78 patients
(14%}). In all, 1367 coronary grafts and 1474 anastomoses were per-
formed, with an average of 2.63 +0.64 grafts per patient. Each pa-
tient received bilateral ITA grafts and in 225 patients (40%) addi-
tional grafts were constructed with autologous vein (212), right gas-
troepiploic artery (12) and radial artery (23). The types of conduit
and corresponding recipient arteries are shown in Table 1.

Operative technique

The ITAs were exposed through a median sternotomy incision using
a Delacroix-Chevalier retractor (Delacroix-Chevalier, Paris,
France). After incision of the endothoracic fascia, the ITA was skele-
tonized from its surrounding tissues. Occlusion of major side branch-
es of the ITA was obtained with metallic clips (Weck, Baxter, Divi-
sion Edwards CVS, Maurepas, France). The ITA was mobilized from
near its origin proximally to its bifurcation and the time required was
approximately 30 min for one ITA. This mobilization was realized
with scissors, without electrocoagulation to avoid thermal damage
to the arterial wall of the ITA. The ITA mobilization was facilitated
by the use of optical magnification (x4.5) to avoid injury of the ves-
sel and intramural hematoma. During the ITA mobilization, the sur-
geon tried to preserve the pleura. This can easily be done on the left
side but is more difficult on the right side. If the pleura are open, a
large external thoracic artery, if present, is clipped on the thoracic
wall to prevent the steal phenomena. The ITAs were wrapped with
a papaverine-soaked sponge. Following systemic heparinization, the
ITAs were divided distally and free flow was assessed grossly. In the
presence of asluggish bloodstream, the ITA was again inspected and,
if necessary, divided short of a previously unnoticed lesion. It was
very seldom that serious intramural injury with impaired flow forced
the abandonment of the graft. For all patients in stable condition, an
intravenous diltiazem infusion (4 mg/h) was carried out before ster-

notomy and was maintained during the surgical procedure and the
postoperative period. No intraluminal ITA manipulation was per-
formed. Coronary anastomosis was performed with continuous
8-0 polypropylene suture.

The destination of ITA grafts and anastomoses are illustrated in
Table 1. Free ITA anastomoses represented 14.5% of the total num-
ber of ITA anastomoses. The proximal anastomosis of the free ITA
grafts was performed by direct suture to the aorta (running stitch of
polypropylene 7-0). After the disappointing patency rate of the free
ITA grafts reported by Dion [9], we restricted the free ITA grafts to
sites where it was impossible to use in situ grafts. The cardiopulmo-
nary bypass was conducted with moderate hypothermia (30 °-32°C)
and myocardial protection during aortic cross-clamping was
achieved using cold (4 °-5 °C) anterograde and retrograde coronary
sinus cardioplegia. The retrograde cardioplegia was repeated every
20 min to maintain the septal temperature between 10°C and 15°C.
Aortic root venting was used in all cases. Mean cardiopulmonary by-
pass time was 85.7+28.0 min (range: 41-272 min) and the mean du-
ration of aortic cross-clamping was 56.3+15.0 min (range:
30-118 min).

Early catheterization

At the beginning of our experience, a repeat catheterization was pro-
posed to patients 10 days after operation to assess the early ITA graft
patency with the skeletonized technique of ITA harvesting. After the
good results obtained with this method, we proposed this early cath-
eterization for detecting technical dysfunctions that could be correct-
ed by percutaneous transluminal angioplasty (PTCA).

Follow-up

Perioperative data were obtained from the patient’s hospital record.
Follow-up information was collected from the patient’s personal phy-
sician, from responses to mailed questionnaires or by telephone inter-
view with surviving patients or family members. Data collected were
entered into a computer-assisted reporting system.

Results
Postoperative complications

The postoperative complications are reported in Table 2.
The total incidence of postoperative complications for the
series was 12% (67 patients). Atrial arrhythmias occurred
in 103 patients (18%). The mean postoperative time of as-
sisted ventilation was 29.25+73 h (3 h-62 days), median

Table 1 Coronary arteries

grafied and type of conduits Conduit LAD DIAG MARG RCA/PDA Other Total
(LAD left anterior descending
artery, DIAG diagonal artery, Left ITA 212 127 287 - 11 637
MARG marginal artery, Right ITA 309 17 41 46 8 421
RCA right coronary artery, Free left ITA 5 3 12 - 3 23
PDA posterior descending artery, T ree right ITA 9 7 60 76 5 157
ITA internal thoracic artery, Vein 3 8 20 164 6 201
RGE right gastroepiploic artery, RGE - - - 12 - 12
RA radial artery) RA - 3 - 18 2 23
Total 1474
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Table 2 Hospital complications (ARDS acute respiratory distress
syndrome)

Complications

Perioperative myocardial infarction 17 (3%)
Bleeding requiring reoperation 17 (3%)
Neurologic 6 (1.1%)
Phrenic nerve paresis 17 3%)
ARDS 9 (1.6%)
Nosocomial pneumopathy 6 (1.1%)
Digestive 8 (1.4%)
Sternal infection 6(1.1%)

Table 3 Early (10 days) angiographic patency of coronary grafts
(ITA Internal thoracic artery)

No Patent Intact
No % No %
ITA grafts 386 378 97.9 369 95.6
Left pedicled ITAs 187 184 98.4 178 95.2
Right pedicled ITAs 148 145 98 143 96.6
Free ITAs 51 49 96 48 94.1
Saphenous 60 58 96 58 96

Table 4 Mid term (22 months) angiographic patency of coronary
grafts

No Patent Intact
No % No %
ITA grafts 208 198 95.2 189 91
Left pedicled ITAs 98 92 93.9 90 91.8
Right pedicled ITAs 80 78 97.5 72 90
Free ITAs 30 28 93.3 27 90

18 h. The mean 24 h thoracic bleeding was 797 £895 ml.
Sternal complications occurred in six patients (1.1%). No
sternal complications were observed among diabetic pa-
tients.

Hospital mortality

Nine patients (1.6%) died during their hospital stay
(<30 days), two of them of a cardiac cause. These two pa-
tients were reoperated for early hemodynamic deteriora-
tion, a consequence of myocardial ischemia which was
probably ITA-related. Additional saphenous vein bypasses
were constructed into the corresponding areas. The myo-
cardium did not recover sufficiently in either case, despite
prolonged circulatory assistance. The others causes of
early death were multi-organ failure (3), stroke (1), rup-
ture of abdominal aortic aneurysm (1) and acute respira-
tory distress syndrome (2).

Early graft patency

Among the surviving patients, 193 consented to a repeat
catheterization at 10 days after the operation. The angio-
graphic patency rates of the ITA grafts and of the saphe-
nous grafts are illustrated in Table 3. The average early pa-
tency rate of ITA grafts was 97.9%. Nine patients had sig-
nificant stenosis of patent ITA grafts. Three of them were
successfully dilated. With a mean follow-up of 2 years,
these three patients were asymptomatic with negative
stress tests.

Follow-up

Follow-up data were collected for 540 of 551 patients dis-
charged from the hospital. Eleven patients (2%) were lost
to follow-up in the series. The follow-up period ranged
3-98 months with a mean of 29 + 20 months. Fourteen pa-
tients (2.6%) died late, four of them of a cardiac cause (two
had preoperative ejection fractions of less than 30%). The
others causes of death were renal failure (1), multi-organ
failure (2), lung cancer (3) and unknown (4). Late cardiac
events were documented in 27 survivors. Myocardial in-
farction was reported in four patients, reoperation was per-
formed in two patients (1 for acute aortic dissection and
1 for left ITA anastomosis stenosis), a PTCA was per-
formed in 21 patients. At the last follow-up, 489 patients
were asymptomatic and in NYHA class I. Of the patients
experiencing angina, 35 were in NYHA class II and 16
were in class ITI. The maximal stress test was abnormal in
47 patients. Among the 526 survivors, 104 consented to a
repeat catheterization at an average of 22 months after the
operation (3—48 months). The average patency rate of ITA
grafts was 95.2% (97.5% for right ITA pedicled grafts and
93.9% for left ITA pedicle grafts, N.S.) (Table 4 and 5). In
21 patients, a PTCA was performed on 24 coronary ves-
sels at a mean follow-up of 22 +20 months. The PTCA was
performed on the ITA graft (5 patients), on the coronary
vessel under a patent ITA graft (6 patients), and on coro-
nary vessels (10 patients).

Discussion

It has been proved that the use of left ITA anastomosed to
the LAD results in a better cardiac event-free and reoper-
ation-free survival than the use of saphenous vein as a con-
duit to the LAD [12, 17]. However, an unsettled contro-
versy persists for the ideal procedure of coronary bypass
grafting between the use of only one ITA and the use of bi-
lateral ITAs. In the pioneer results of Cameron [5], the
study group with bilateral ITA grafts was too small for sta-
tistical analysis. In a retrospective analysis, Fiore [10]
showed a survival benefit for patients with double ITAs
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Table 5 Mid term (22 months) patency rate related to the target coronary vessels

Target coronary vessels

LAD CX RCA Others
Patent Intact Patent Intact Patent Intact Patent Intact
Left pedicled ITAs 34/36 33/36 47/49 46/49 0 0 11/13 11/13
=94.4% =91.7% =95.9% =93.9%
Right pedicled ITAs 59/61 56/61 717 6/7 9/9 8/9 3/3 2/3
=96.7% =95.1% =100% =85.7% =100% =89%

among hospital survivors (74% versus 59%) over patients
with single I'TA. The patients receiving two ITA grafts had
also significant freedom from subsequent myocardial in-
farction (75% versus 59%), recurrent angina pectoris (36%
versus 27%) and subsequent total ischemic events (32%
versus 18%). In contrast, Berreklouw [4] showed no sig-
nificant difference after 8 years in the overall survival rates
(96% versus 92%), angina-free cardiac survival rates (95%
versus 78%), reintervention-free cardiac survival rates
(87% versus 88%) and all cardiac event-free survival rates
(49% versus 31%) for the bilateral ITAs and left ITA
groups, respectively. Recently, Cosgrove [7], in a prospec-
tive study of left ITA and bilateral ITAs, demonstrated a
significantly better survival rate following bilateral ITA
grafting after a 8-year follow-up if the patients were
younger than 60 years of age. To achieve such an improve-
ment at long term, one should question at what “price” this
can be reached in terms of hospital mortality and morbid-
ity. Few studies proved that both ITAs can be used with
similar hospital mortality and morbidity as with the use of
only the left ITA [3, 6]. Other studies showed that postop-
erative complications increase with bilateral ITA grafting
and particularly wound complications [15, 16]. To mini-
mize the morbidity and wound complications after bilat-
eral ITA grafting, we mobilized the ITA in its skeletonized
state directly from the chest wall.

Although the risk of ITA injury during mobilization may
be greater, the skeletonized technique has several advan-
tages [14]. It permits visualization of the entire conduit to
assure that no intra-mural hematoma or injury has oc-
curred. It provides superior length of the in situ grafts. In
addition, it has been proved that harvesting with a skele-
tonized technique preserves twice as much sternal blood
flow as harvesting the ITA on a wide pedicle [2, 19]. This
could be explained by the preservation of non-intercostal
sources of collateral flow and by restraint in the use of cau-
terization. Microscopic analysis of ITA after skeletonized
mobilization shows minimal arterial wall damage, identi-
cal to other mobilization techniques [18].

Recently, we have modified our choice of the destina-
tion of ITA grafts. As for minimizing the risks of ITA in-
jury during reoperation, the right ITA is preferably brought

through the transverse sinus for grafting of the circumflex
(CX) and the left ITA is anastomosed to the LAD. How-
ever, our strategy is to use the ITAs as in situ grafts as far
as possible and to direct them to the most dominant dis-
eased left coronary vessels.

In contrast to Dion [9], we have not been obliged to add
a saphenous graft in parallel to an ITA graft whenever an
early ITA flow insufficiency was suspected soon after
weaning off cardiopulmonary bypass. The absence of so-
called “ITA insufficiency syndrome” could be attributed
to the effect of the continuous infusion of calcic inhibitor
during the perioperative period. However, the ITA insuf-
ficiency syndrome could have been involved in the two
cardiac hospital deaths. As in other reports, our experience
has shown that hospital mortality was not increased with
bilateral ITA grafting [9, 11]. Our experience with a hos-
pital mortality rate of 1.6% included a heterogeneous pop-
ulation with stable and instable conditions, with left main
coronary artery stenosis (more than 50%) and with left ven-
tricular dysfunction.

Some reports have expressed concern that postopera-
tive complications increase with bilateral ITA grafting [15,
16]. The rate of reexploration for bleeding was low and
comparable with that of other reports. The incidence of
perioperative myocardial infarction is consistent with the
incidences reported in other series [9, 11]. Bilateral ITA
grafting prolonged the postoperative time of assisted ven-
tilation compared to single ITA grafting (median values
18 h versus 12 h, respectively). However, we observed a
low incidence of pulmonary complications as we tried to
preserve the pleura during the harvesting of the ITAs. In
contrast to many other reports linking bilateral ITA graft-
ing with an increased incidence of wound infections
[15, 16], we reported a very low incidence of wound com-
plications (1.1%). No wound complications were observed
in diabetics patients, a subgroup that has consistently been
identified as having an increased risk of infection with bi-
lateral ITA use. As other reports with low incidences of
wound complications [8, 11], we used the mobilization of
the ITAs as skeletonized arteries. These results suggest that
this technical approach could result in less retrosternal soft
tissue injury and in preservation of the sternal blood flow.
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The early ITA graft patency (97.9%) observed with the
skeletonized technique is identical to that of other tech-
niques of ITA harvesting [13]. However, the closer the dis-
section of the ITA, the higher the likelihood of injury to
the ITA, thereby making skeletonization probably the most
demanding technique. As for early patency, it has been
proved that late patency was not affected by the method
with which the ITA was mobilized [13]. The purpose of
the study was not to evaluate the long-term results of
bilateral ITA grafting, as our follow-up averaged only
31 months (3-88). However our study confirmed the good
functional results of bilateral ITA grafting, as reported pre-

Our experience has demonstrated that bilateral ITA
grafting can be accomplished with alow mortality and mor-
bidity. Appropriate selection is important, as certain high-
risk patient subgroups have been identified. Patients whose
life expectancy may be limited because of advanced age
(over 70 years) or poor left ventricular function are gener-
ally less than ideal candidates for bilateral ITA grafting.
We believe that morbidity, and particularly wound compli-
cations, can be minimized by selection of the technique of
ITA harvesting. However, the long-term benefit of bilat-
eral ITA grafting suggested by a few studies (7, 10) has to
be confirmed.

viously [5, 7, 9-11].
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Discussion

Dr. P. Sergeant (Leuven, Belgium): In your
presentation you cite as possible advantag-
es of skeletonizing the internal mammary
artery: the sternal revascularization, the
length of the mammary artery and the pos-
sible use as a jump graft fashion. I am not
convinced about these three possible bene-
fits, That the length increases much more
by skeletonizing the artery, we understand
that the mobility is a little bit better but the
lengths will not change very much if you
don’t put the arteries under pressure. The
use of jump grafts, even with pediclized
mammary arteries, there are no problems of
doing two and three mammary artery anas-
tomoses in exceptional cases.

I am not convinced that this outweighs
the risks and the possible problems. You
pointed out yourself the time-consuming
aspect on the one side.

We know that the mammary artery is
sensitive to spasms and to any kind of ma-
nipulation. You only have contact with
one-third of the circumference of the mam-
mary artery in skeletonizing the three-
thirds, and I am sure that there will be
more possibility of spasm. And the pos-
sible danger is at reoperation. Many of us
are confronted daily with reoperations with
one patent mammary artery, and we like
very much to have the flap covering the
mammary artery at the time of the anas-
tomosis and definitely at the dissection.

Can you give us some idea, to end with
a very precise question, how many grafts
have been damaged during prelavation and
is this prelavation done by residents in
training or is this only done by a specialist?
Thank you.

Dr. Braunberger: As you said, the length
of the skeletonized in situ grafts don’t
change very much, but the mobility is bet-
ter. As reported in 1990 by Galbut, we no-
ticed that the skeletonized technique pro-
vides a little superior length and facilitates
appropriate orientation of sequential grafts.
In our series, we didn’t encounter major
problems of spasm as we used a papaverine
sponge to prevent this phenomenon and,

as the application of papaverine was
directly on the adventitia, it may be more
efficient.

Among all the ITAs we have used, it
was very exceptional not to use the ITA
with this technique. The harvesting of
skeletonized ITAs could be done by resi-
dents but it is true that you have to be
trained for it. Concerning reoperation, we
have only two cases in our series but we
modified our strategy over the time. At the
beginning of our experience we used the
right in situ ITA on left anterior descending
and left ITA on circumflex vessels. Now,
we prefer to use right ITA on circumflex
vessels, going through the transverse sinus.
As others, it seems better for reintervention
because right ITA is not under the sternum.

Dr. A. Arbulu (Detroit, Michigan): 1 just
rise to congratulate the authors and, I just
want to give you my personal experience
with 33 cases of skeletonized internal
mammary artery. And these cases were
operated upon by myself between 1970 and
1973, when we used to have good ven-
tricles and single or double coronary ob-
structions. Of these 33 cases, four were
bilateral. I follow up these cases, 24 of
these cases to the present date, and of
these, two were bilateral, and of them, we
have a patency rate of 90%. So I think that
a long follow-up in these skeletonized ar-
teries is very good. Indeed it takes more
time, but we didn’t have infections and, in
this case, no mortality. Thank you very
much.

Dr. R. Dion (Brussels, Belgium): 1 would
like to congratulate the authors on a very
nice study and very nice patency rates at
midterm. One of the reasons why my friend
Olivier Bical went on to skeletonize mam-
mary artery was probably the rate of sternal
problems that we reported earlier on — we
had up to 5.8% of sternal problems — and
I must say that I am still using pedicled
mammary arteries and not skeletonized, but
it has dramatically decreased since we have
used warm body surgery. I don’t really
understand the reason for that, but we have
exactly the same as you, 0.8% of sternal
problems, since we have used warm body
surgery.

The reason why I keep to pedicled
mammary artery is because we are a teach-

ing hospital and the senior assistants are
changing every six months, and I am con-
vinced that, if we ask them to take skele-
tonized mammary artery as Dr. Sergeant
says, we will have to do many free mam-
mary artery grafts.

I have two questions. First, have you
got an idea of the percentage of what bilat-
eral mammary artery you perform over the
total number of coronary patients you oper-
ate a year? Is it 50%, 40, 60?7 And the sec-
ond question is that I am very much im-
pressed by your patency rate with free
mammary grafts. We recently had 127 free
mammary grafts and, as you quoted, paten-
¢y at 6 months and 1 year is about 82%.

So my question is, how did you anasto-
mose these free mammary grafts, directly
into the aorta or to another bypass? Can
you answer that? Thank you very much.

Dr. Braunberger: The patients have bilat-
eral ITA grafting represent 60% of the en-
tire patient population receiving coronary
bypass grafts during the reporting interval.
On the question concerning free mammary
grafts, the proximal anastomoses were usu-
ally made directly into the aorta. Occasion-
ally, if the aorta was thick, the proximal
anastomosis could be made on the 1st cm
of a saphenous graft. However, our good
patency rate of free grafts suggested that,
with satisfactory proximal anastomoses,
the free mammary graft patency rate par-
allels that of the pedicled graft.

Dr. E. Kolesov (Ukraine): 1 can join the
discussants and the author of this presenta-
tion, saying that in our clinic over 30 years
we have never used cauterization during
the preparation of internal mammary artery
grafts. Cauterization is used only to stop
bleeding of the peripheral branches on the
thoracic wall. And we have also performed
complete skeletonization of the arteries in a
large number of our patients. In our experi-
ence, about a 90% patency rate has been
obtained during 20-22 years of postopera-
tive results.

So I think that this presentation gives
very much more for this problem and I
congratulate the authors.
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