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Bilateral internal thoracic artery grafting in diabetic patients:
Perioperative risk analysis

Diyabetik hastalarda bilateral internal torasik arter kullan›m›: 
Perioperatif dönem risk de¤erlendirmesi

OObbjjeeccttiivvee::  Diabetic patients have a higher risk to acquire coronary artery disease at younger ages and vein grafts used in these patients ha-
ve a tendency to develop stenosis earlier. No significant differences have been reported between the patency of internal thoracic artery (ITA)
grafts in diabetic and non-diabetic patients. However, bilateral ITA grafting in diabetic patients remains a controversial topic due to increased
risks in the perioperative morbidity. 
MMeetthhooddss:: The effects of bilateral ITA grafting on perioperative morbidity for diabetic patients were studied in two different trials. The first study
compared 25 diabetic patients with 25 non-diabetic patients with bilateral ITA grafts for the length of the intensive care unit and hospital stay
periods, for superficial wound infection, sternal dehiscence, mediastinitis rates and readmissions following discharge. The second study com-
pared 30 diabetic patients with bilateral ITA grafts to 30 diabetic patients with unilateral ITA grafts for the same criteria as in the first study.
RReessuullttss:: The first study showed no statistical difference between diabetic and non-diabetic patients for the criteria studied, but  a slight inc-
rease was clinically observed in the readmission rate for diabetic patients due to superficial wound infection. The second study showed ne-
ither statistical, nor clinical differences between the two groups.
CCoonncclluussiioonn::  Full arterial revascularization is very important for the prognosis of diabetic patients. With a careful management, the slight inc-
rease in the perioperative morbidity could be reduced to acceptable levels enabling the diabetic patients to benefit from the long-term advan-
tages of bilateral ITA grafting.  (Anadolu Kardiyol Derg 2004; 4: 290-5)
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AAmmaaçç:: Diyabetik popülasyonun koroner arter hastal›¤›na erken yafllarda yakalanma riski yüksek olup bu hastalarda kullan›lan safen ven
greftleri daha erken dönemde t›kanma e¤ilimi göstermektedirler. ‹nternal torasik arter (‹TA) greftlerinin, diyabetik olmayan hastalarla karfl›-
laflt›r›ld›¤›nda, diyabetik hastalarda uzun dönem aç›k kal›m oranlar›nda farkl›l›klar saptanmam›flt›r. Ancak, morbidite aç›s›ndan bir risk olufl-
turdu¤u görüflü ile diyabetik hastalarda bilateral ‹TA grefti kullan›lmas› tart›flmal› bir konumdad›r.
YYöönntteemmlleerr:: Diyabetik hastalarda bilateral ‹TA kullan›m›n›n cerrahi dönem morbiditesi üzerine etkisi iki ayr› çal›flmada incelendi. Birinci çal›fl-
mada, bilateral ‹TA kullan›lan 25 diyabetik ve 25 diyabetik olmayan hasta, yo¤un bak›m ve hastane kal›fl süreleri, yüzeysel yara enfeksiyonu,
sternum dehissensi, mediyastinit oluflumu, ç›k›fl› takiben yeniden hastaneye baflvurma kriterleri aç›s›ndan karfl›laflt›r›ld›. ‹kinci çal›flmada ay-
n› kriterler sadece bir ‹TA kullan›lan 30 diyabetik hasta ile bilateral ‹TA kullan›lan 30 diyabetik hastan›n karfl›laflt›r›lmas›nda kullan›ld›.
BBuullgguullaarr:: Birinci çal›flma sonuçlar›nda diyabetik ve diyabetik olmayan hastalar aras›nda istatistik olarak anlaml› bir farkl›l›k saptanmazken,
klinik olarak diyabetik hastalar›n taburcu olmalar›n› takiben hastaneye daha s›k baflvurduklar› gözlendi. ‹kinci çal›flmada ise incelenen grup-
lar aras›nda klinik ve istatistiksel aç›lardan farkl›l›k saptanmad›.
SSoonnuuçç:: Tam arteryel revaskülarizasyonun sa¤lanmas›, diyabetik hastalar›n uzun dönem prognozu aç›s›ndan büyük önem tafl›maktad›r. Dik-
katli bir izlem ile, erken dönemdeki morbidite art›fl› çok düflük seviyelere indirilerek, diyabetik hastalar›n da bilateral ITA greftlerinin uzun dö-
nem avantajlar›ndan yararlanabilmesi mümkün olmaktad›r. (Anadolu Kardiyol Derg 2004; 290-5)
AAnnaahhttaarr kkeelliimmeelleerr:: Diyabet, koroner arter baypas grefti, internal torasik arter, yüzeysel yara enfeksiyonu.
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ÖZET

Introduction

The most popular graft used in coronary artery surgery,
which is intensively becoming an arterial graft surgery, is still
the internal thoracic artery (ITA) with its perfect long-term pa-

tency rates (1,2). The abilities of ITA to possess a functional
endothelium (3,4) and to regulate the blood flow according to
the myocardial oxygen demand (5) are now considered by
every cardiologist and cardiac surgeon. It also has a more
compatible diameter with that of the coronary artery, which
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prevents turbulent flow at the anastomosis line (6). Following
the reports on the long-term benefits of a single ITA usage in
coronary artery disease patients (7), interests have been di-
rected towards bilateral usage of ITA at the beginning of last
decade. During the first attempts, it was claimed that this pro-
cedure resulted in an increased rate of postoperative bleeding
and sternal infections; in a prolonged hospital stay (8) and
that, it did not contribute positively to the long-term survival
when compared to unilateral ITA usage (9). However, bilateral
ITA usage and full arterial revascularization by using additi-
onal arterial grafts regained popularity in the last years, espe-
cially in young patients. Schmidt (10) and Pick (11) reported bi-
lateral ITA grafts and especially left ventricular revasculariza-
tion with bilateral ITA grafts to be significantly superior in
terms of recurrence of angina, new myocardial infarction rate
and long-term survival during 10 years follow-up period as
compared to unilateral ITA grafting.

Diabetic patients have a tendency to acquire coronary ar-
tery disease at younger ages than non-diabetic population (12)
and the saphenous vein grafts used in these patients may
develop stenosis earlier (2). However, we did not meet any
study concerning the early stenosis or occlusion of the ITA
grafts rate in diabetic patients when compared to non-diabe-
tic patients. For these reasons, bilateral ITA usage in diabetic
patients is of great importance for the long-term prognosis of
these patients. Although there are some reports stating that
bilateral ITA usage in diabetics results in an increased rate of
superficial wound and sternal infections, mediastinitis and
prolonged hospital stay (13-15) thus, suggesting avoidance of
bilateral ITA usage in these patients (16,17), there are also a
lot of surgical teams using bilateral ITA grafts in diabetic pati-
ents (18-21). Discussions on this topic are going on.

The effects of bilateral internal thoracic artery grafting on
the postoperative morbidity of diabetic patients were studied
by two different trials in this manuscript.

Material and Methods

In our institution, since 1990, we have been using bilateral
ITA grafts in all diabetic patients under 65 years old with a pre-
operatively regulated blood glucose level and without any ad-
ditional risk factor (poor left ventricular function, chronic obst-
ructive pulmonary disease, obesity etc.). Since 1994, we have
preferred to revascularize the left ventricle with bilateral ITA
grafts in all appropriate cases. Our operational strategy is to
revascularize the left anterior descending coronary artery
with the right ITA, while the left ITA is grafted to the major ob-
tuse branch of the circumflex coronary artery. Till now, we ha-
ve used bilateral ITA grafts in approximately 400 diabetic pati-
ents in our clinic and we initiated two studies in January 2000
to contribute to the discussions on this topic.

In this study, a patient with a history of regular anti-diabe-
tic medication or with a recorded fasting blood glucose level
above 140 mg/dl was considered as a diabetic.

Study-1: This was a prospective study performed betwe-
en January 2000 and May 2001. In this study, 25 diabetic pati-
ents (9 with type 1 and 16 with type 2 diabetes mellitus) (Gro-

up-1), operated in elective conditions with bilateral ITA were
compared to 25 non-diabetic patients (Group-2) operated du-
ring the same period with bilateral ITA, for the length of inten-
sive care unit and hospital stay, the rate of superficial wound
infection, sternal dehiscence, mediastinitis and readmission
rates to the hospital for these problems following the hospital
discharge. In accordance to the general policy of our clinic
on the bilateral ITA usage in diabetics, patients older than 65
years, obese patients, those with a history of chronic obstruc-
tive pulmonary disease or previous myocardial infarction and
with poor left ventricular ejection fraction (<35 %) were exc-
luded from the study. The mean age of the Group –1 patients
was 56.76 ±8.63 years and 18 of them were male and 7-fema-
le. The Group –2 consisted of 5 female and 20 male patients
with a mean age of 52.33 ±10.58 years. As the number of the
non-diabetic patients operated during this period was much
higher than the diabetic patients with bilateral ITA grafts, the
control group was randomized by choosing every first patient
operated after the diabetic patient. The same antibiotic agent
(2nd generation cephalosporine) was administered to all
patients for perioperative prophylaxis. In Group-1 patients,
sternum was closed by wires through the intercostal spaces
and the subcutaneous tissues were sutured with interrupted
simple sutures. In Group-2, the sternum was proximated by
wires through the sternum and the subcutaneous tissues we-
re sutured with continuous sutures according with our routi-
ne protocol. The skin was closed with continuous subcutane-
ous sutures in both groups. 

Study-2: This was a retrospective study started in accor-
dance to the first study that covered the diabetic and non-di-
abetic patients in whom bilateral ITA were used. The aim of
this second study was to compare diabetic patients in whom
bilateral ITA grafts were used with diabetic patients in whom
only left ITA was used. Patients were chosen retrospectively,
from December 1999 through November 1998, among the first
30 diabetic patients fulfilling the study criteria for each group,
without previous history of myocardial infarction and whose
ejection fractions were above 35%. Group-1 consisted of 30
diabetic patients (11 with type 1 and 19 with type 2 diabetes
mellitus) whose bilateral ITA were used and these patients
were compared to Group-2 consisted of 30 diabetic patients
(9-type 1 and 21-type 2) whose only left ITA was used, for the
length of the intensive care unit and hospital stay, superficial
wound infection, sternal dehiscence, mediastinitis and re-ad-
mission to the hospital for these problems following dischar-
ge. The mean age of the Group 1 patients was 57.13 ±8.51 ye-
ars (4 female and 26 male patients), while Group 2 consisted of
8 female and 22 male patients with a mean age of 62.00 ±8.31
years. The same antibiotic agent (second generation cepha-
losporine) was administered to the patients in both groups for
perioperative prophylaxis. The sternum and the skin were clo-
sed according to our routine protocol in patients with single
ITA, while sternal wires through the intercostal spaces and
simple sutures for subcutaneous tissues were used for pati-
ents with bilateral ITA grafts.
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The term “superficial wound infection” used in the report
means delayed healing of the cutaneous and subcutaneous
tissues, dehiscence at the incision line and growth of patho-
gen microorganisms in the samples taken. The conditions,
which made re-fixation of the sternum necessary without any
macroscopic and bacteriologic evidence of infection, were
referred to as dehiscence while growth of pathogen microor-
ganisms in samples taken from the sternum and the mediasti-
num was accepted as mediastinitis.

The statistical analysis was done using two-tailed Stu-
dent’s t test and two-sided Fisher’s exact test and any *p va-
lue <0.05 was accepted statistically significant.

Results

The results of both studies are summarized in the Tables 1
and 2.

Study 1 (Diabetic patients with bilateral ITA (Group-1) vs.
non-diabetic patients with bilateral ITA ( Group-2)): No morta-
lity was observed during the postoperative period and none of
the patients required intraaortic balloon pump assistance. The
duration of the hospital stay and duration of the intensive ca-
re unit stay (Table 1) did not differ significantly between Gro-
up 1 and Group 2 (p>0.05). During the postoperative period, 3
patients in Group-1 (12%) had superficial wound infection wit-
hout sternal involvement (Table 2). Among these patients, one
had the infection during his hospital stay while the other two

were readmitted to the hospital within the first month follo-
wing the discharge (8%). Superficial wound infection was en-
countered in 2 patients in Group-2 (8%) (p <0.45) . One patient
from each group had sternal dehiscence without any eviden-
ce of infection). These patients were taken to the operating ro-
om for sternum refixation and the samples taken from the me-
diastinum at the time of the procedure remained sterile. Medi-
astinitis was not present in any group. As it already was men-
tioned, 2 patients from Group-1 were readmitted to the hospi-
tal within the first month following the discharge for superfici-
al wound infection. One of these patients had a course of an-
tibiotic therapy and surgical debridement of the wound while
antibiotic therapy and local wound care were adequate for
the other patient. The mean duration of the hospital stay in the
readmission period was 3.2 ± 0.85 days. None of the patients
in Group 2 were readmitted to the hospital for wound healing
problems (p <0.49)

Study 2 (Diabetic patients with bilateral ITA ( Group-1) vs.
diabetic patients with left ITA only (Group-2). Because the pa-
tients involved in the study were chosen according to the da-
te of the operation , two patients in Group-2 who died (one pa-
tient died as a result of sepsis and multiorgan failure in the se-
cond postoperative month and the other died because of low
cardiac output on the 8th postoperative day) were excluded
from the study and the following two were included. When the
files of the patients operated between 1998 and 2000 were re-
viewed, the duration of hospital stay for Group 1 and Group 2

AAggee,, yyeeaarrss MMaallee//FFeemmaallee IICCUU ssttaayy,, ddaayyss HHoossppiittaall ssttaayy,, ddaayyss

SSttuuddyy 11

Diabetics with bilateral ITA 56.76±8.63 18 / 7 2.17 ±0.49 7.42±1.77

Non-diabetics with bilateral ITA 52.33±10.58 20 / 5 2.40±0.74 8.29±3.67

P NS NS NS NS

SSttuuddyy 22

Diabetics with bilateral ITA 57.13±8.51 26 / 4 3.04±1.73 10.37±3.68

Diabetics with single ITA 62.0±8.31 22 / 8 3.87±5.84 10.34±6.67

P NS NS NS NS

p> 0.05
ICU : Intensive care unit,  ITA : Internal thoracic artery, NS : Statistically non-significant

TTaabbllee  11.. HHoossppiittaall aanndd iinntteennssiivvee ccaarree uunniitt ssttaayy ppeerriiooddss ooff ppaattiieennttss

SSuuppeerrffiicciiaall wwoouunndd iinnffeeccttiioonn,, nn ((%%)) RReeaaddmmiissssiioonn,, nn ((%%)) DDeehhiisscceennccee,, nn ((%%)) MMeeddiiaassttiinniittiiss,, nn ((%%))

SSttuuddyy 11

Diabetics with bilateral ITA 3 (12) 2 (8) 1 (4) 0

Non-diabetics with bilateral ITA 2 (8) 0  (0) 1 (4) 0

P 0.45 0.49 1 1

SSttuuddyy 22

Diabetics with bilateral ITA 3 (10) 1 (3.3) 1 (3.3) 1 (3.3)

Diabetics with single ITA 2 (6.6) 1 (3.3) 0 0

P 0.4 1 0.2 0.2

ITA : Internal thoracic artery

TTaabbllee 22.. CCoommppaarriissoonn ooff tthhee ppeerriiooppeerraattiivvee mmoorrbbiiddiittyy 
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were 10.37±3.68 days and 10.34±6.67 days respectively (p
<.0.98). There was no significant difference in the duration of
intensive unit care stay between the two groups (p< 0.46)
(Table 1). Superficial wound infection was encountered in 3
patients (10%) in Group-1 (Table 2). Two of them had the infec-
tion during the early postoperative course while one was re-
admitted to the hospital within 1 month following discharge.
One of the two patients who had the wound infection during
the early postoperative course received antibiotic therapy and
local wound care while the other patient required surgical
debridement of the wound in the operation room. Local wound
care and antibiotic therapy were adequate for the patient who
was readmitted to the hospital. Superficial wound infection
during the early postoperative course was encountered in 2
patients (6.66%) in Group 2. Healing was accomplished by lo-
cal wound care and antibiotic administration. One patient from
this group was readmitted to the hospital for superficial wo-
und infection following discharge (postoperative 22nd day) and
was taken to the operation room for surgical debridement of
the wound. One patient (3.33%) in Group 1 had sternal dehis-
cence that required re-fixation while no dehiscence was ob-
served in Group 2. One patient in Group-1 had high fever, de-
hiscence and coagulase negative Staphylococcus aureus iso-
lated from samples taken from drainage tubes on the 8th pos-
toperative day. He was taken to the operation room with the
diagnosis of mediastinitis (3.33%). He had subcutaneous, ster-
nal and mediastinal tissue resection. The thorax was irrigated
with povidone iodine solution for three days. The patient rece-
ived antibiotic therapy with vancomycin and netromycin for 3
weeks and was discharged from the hospital on the 34th pos-
toperative day. No evidence of mediastinitis was observed in
Group 2 patients.

Discussion

Following the more favorable long-term results of the ITA
grafts (1,2), the interest in full arterial revascularization with
bilateral ITA and other arterial grafts has increased (10, 11).
However, the need for identifying the ideal patient profile for
bilateral ITA usage has emerged when claims that bilateral
ITA usage significantly increased the postoperative morbidity
in some patient groups had been raised (19). A consensus has
been constituted that patients under 60 years of age, non-obe-
se , non-diabetic patients without chronic obstructive pulmo-
nary disease and patients who do not have a limited physical
activity prior to the operation are suitable for bilateral ITA
grafting (13) . However, these criteria have been modified by
time with the increasing importance of arterial grafts and with
a tendency to grant the advantages of bilateral ITA grafts to as
much patients as possible. Chronic obstructive pulmonary di-
sease and morbid obesity still constitute contraindications to
bilateral ITA usage but the age limit is already reset to seven-
ties and even more (22). On the other hand, diabetic patients
are still a matter of discussion. General opinion is that bilate-
ral ITA usage in diabetic patients significantly increases the

morbidity and thus, it should be avoided (15). However, there
are also some groups having the opinion that the diabetic pa-
tients should also benefit from the favorable long-term advan-
tages of bilateral ITA usage (20,21).

It is known that diabetic patients have more problems with
postoperative wound healing compared to the normal popula-
tion and they are more susceptible to infections due to the de-
fects in their cellular and humoral immune systems (16). Di-
abetic patients and the patients whose bilateral ITA were
used as a coronary artery bypass graft constitute the highest
risk groups for problems confined to the surgical incision line,
generally named as sternal infection (16). Diminished sternal
blood supply caused by bilateral ITA usage prepares approp-
riate conditions for sternal infection in diabetic patients who
already have deficiencies in wound healing process. Accor-
ding to different series, sternal infection is seen in 9.3% to 14%
of diabetic patients whose bilateral ITA were used (13,16) and
this is almost twice the amount seen in diabetics whose only
the left ITA was used (23). Majority of the clinics claim bilate-
ral ITA usage in diabetic patients (16) for the prolonged inten-
sive care unit and hospital stay periods and related increase
in morbidity (11) due to the problems confined to the incision
line. However, as we mentioned early the point that the diabe-
tic patients acquire coronary artery disease earlier than the
non-diabetic population makes extensive arterial graft usage
very important when the long-term prognosis of these patients
is concerned. For these reasons, some clinics, while accep-
ting a prominent increase in postoperative superficial wound
infections compared to the non-diabetic population, defend
that the diabetic patients should also benefit from the long-
term advantages of bilateral ITA usage if there are no any ad-
ditional risk factors (25,26). 

In our clinic where bilateral ITA are used in diabetic pati-
ents, maximum care is taken to use low-voltage cautery and to
clip the side branches as proximal as possible to avoid impa-
irment of blood supply to the thorax when harvesting the inter-
nal thoracic artery graft. We think that this harvest technique
also called skeletonized ITA harvesting (27,28) plays a major
role in the uneventful postoperative period of the diabetic pa-
tients, Meticulous hemostasis should be carried out and the
sternum should be closed with wires through the intercostal
spaces in order not to damage the sternal integrity and blood
supply. We prefer to close the subcutaneous tissues with in-
terrupted simple sutures to avoid tissue necrosis and special
attention should be paid to wound care to minimize the possib-
le complications that can be encountered in diabetic patients
(13,29). 

We have been using bilateral ITA grafts for several years
in diabetic patients if there is no other coexisting risk factor
and if the patient’s blood glucose could be regulated before
the operation. We believe that close monitoring and aggressi-
ve regulation of the blood glucose levels, even with continu-
ous insulin infusion, is of paramount importance to minimize
the complications during the perioperative period. With the
application of these measures mentioned above, the differen-
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ce in morbidity between the diabetic and non-diabetic pati-
ents has decreased prominently in our clinic and these results
are in accordance with recent reports on use of bilateral ITA
grafts in diabetic patients (26-28). We think that meticulous
hemostasis as well as putting the sternum wires through the
intercostal spaces are very important tools to protect the ster-
nal integrity which already has an impaired blood supply after
both ITA were harvested. We also think that continuous sutu-
res in subcutaneous tissue, with its stretching effect, will lead
to a predisposition for tissue necrosis, and thus to wound in-
fection in diabetic patients. We therefore use interrupted
simple sutures for the subcutaneous tissue in diabetic pati-
ents who have bilateral ITA grafts. Incision care has a speci-
al importance in these patients. Wound dressings are chan-
ged twice a day and samples are taken from any abnormal
discharge in the incision line in order to administer the app-
ropriate antibiotics as early as possible. We did not observe
any difference in the length of intensive care unit and hospital
stays, dehiscence and mediastinitis rates between diabetic
and non-diabetic patients in whom bilateral ITA were used.
Though not statistically significant, it was clinically observed
that diabetic patients with bilateral ITA grafts carried a slight-
ly higher risk of superficial wound infection in the early-term
following discharge compared to non-diabetic patients, which
required a short re-hospitalization period. We also think that
the interpretation of the results obtained from the second
study is much more interesting. It can be interpreted that the
risk for increased wound infection in diabetic patients is alre-
ady taken with a single ITA usage alone and addition of a se-
cond one did not carry any additional risk. It is open to discus-
sion whether the number of patients in our series is adequate
for a healthy interpretation of the results or not, but one must
appreciate the difficulty to obtain large series of bilateral ITA
usage in diabetics, because there are often co existing risk
factors precluding bilateral ITA harvesting in these patients, li-
ke obesity, limited physical activity, pulmonary insufficiency,
renal failure and poor coronary quality.

As a result, full arterial revascularization has a great im-
portance for the long-term prognosis of diabetic patients be-
cause they may acquire coronary artery disease at younger
ages than non-diabetic patients and saphenous vein grafts
may develop stenosis earlier compared to normal population.
Bilateral ITA usage in diabetic patients is still opened to dis-
cussion problem and we believe that these two studies will
contribute to the discussions on this topic. Depending on the
results of our study, there is not a significant difference in
morbidity between the diabetic patients, whose unilateral and
bilateral ITA were used and there was no any statistically sig-
nificant difference between diabetic and non-diabetic pati-
ents, whose bilateral ITA were used. We, therefore, believe
that diabetic patients should benefit from favorable long-term
advantages of bilateral ITA usage with some special measu-
res taken perioperatively, because some problems on the in-
cision line may occur in the early-term following discharge.
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