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Abstract: Background – Coronary artery bypass grafting (CABG) is still one of the most common major cardiac ope-
rations in the world. Recent studies confi rm that it remains the gold standard for most patients with multivessel and/or left 
main disease. The purpose of this study was to evaluate the post operatory differences between the patients that underwent 
myocardial revascularization using single internal mammary artery (SIMA) and both internal mammary arteries (BIMA). 
Materials and methods – This study is descriptive retrospective analysis on 267 patients that underwent coronary artery 
bypass grafting (CABG) with one or two mammary arteries and saphenous vein graft(s) (SVG). We divided patients in two 
groups, group 1 (122 patients; 45,69%) included patients that underwent myocardial revascularization using SIMA, and group 
2 (145 patients; 54.3%) included patients with BIMA grafts. Results – There were no statistical signifi cant differences betwe-
en the two groups in age, comorbidities, aortic clamp time, extracorporeal circulation time, left ventricle ejection fraction 
(LVEF), postoperative length of stay, perioperative morbidity (bleeding, deep sternal wound complications, need for reopera-
tion, stroke, acute myocardial infarction, low cardiac output) and mortality. Conclusion – BIMA grafting is a safe method of 
myocardial revascularization, it increases survival, and it must be done in a skeletonized fashion. 
Keywords: myocardial revascularization, CABG, BIMA, skeletonized, sternal wound infection, mediastinitis

Rezumat: Introducere – Revascularizarea miocardică încă este una din cele mai frecvente intervenţii chirurgicale cardi-
ace în lume. Studiile recente confi rmă că a rămas „standard de aur” pentru majoritatea pacienţilor cu afectare multivasculară 
şi/sau a trunchiului arterei coronare stângi. Scopul acestui studiu este acela de a evalua diferenţele postoperatorii între 
pacienţii care au benefi ciat de revascularizare miocardică cu una sau ambele artere mamare interne. Materiale şi metode 
– Acesta este un studiu descriptiv retrospectiv efectuat pe un lot de 267 de pacienţi cu revascularizare miocardică cu una sau 
ambele artere mamare interne şi cu grefoane venoase safene. Am împărţit pacienţii în două loturi: Lotul 1 (122 de pacienţi; 
45.69%) fi ind alcătuit din pacienţii la care s-a folosit o singură arteră mamară internă, şi Lotul 2 (145 de patienţi; 54.3%) cu 
pacienţii la care s-au folosit ambele artere mamare interne. Rezultate – Nu au existat diferenţe semnifi cative statistic între 
cele două loturi în ceea ce priveşte vârsta, comorbidităţile, timpul de clampare aortică şi circulaţie extracorporeală, fracţia 
de ejecţie a ventriculului stâng, durata spitalizării postoperator, complicaţiile postoperatorii (sângerare, mediastinită, rein-
tervenţia, accidentul vascular cerebral, infarctul miocardic acut, sindrom de debit cardiac scăzut) şi mortalitate. Concluzii 
– Revascularizarea folosind ambele artere mamare interne este o metodă sigură, creşte rata supravieţuirii, şi este necesară 
recoltarea grefoanelor mamare interne scheletizat. 
Cuvinte cheie: revascularizare miocardică, bypass aorto coronarian, ambele artere mamare interne, tehnica scheletizată, 
infecţia plăgii sternale, mediastinita

BACKGROUND
Coronary artery bypass grafting (CABG) is still one 
of the most common major cardiac operations in the 
world. Recent studies confi rm that it remains the gold 
standard for most patients with multivessel or/and left 
main disease. The left and/or right internal mammary 
artery (LIMA/RIMA) is overwhelmingly accepted as 
the fi rst choice of conduit for grafting, particularly to 

the left anterior descending (LAD) and left ventricle 
wall arteries. Even if IMAs are the best in grafting left 
coronary vessels, in 2005 the Cleaveland Group has 
confi rmed that for RCA grafting, saphenous vein pa-
tency was equivalent to or better than IMA patency 
within 5 years from surgery. However, by 10 years, 
IMA patency was better in RCAs with 70% stenosis 
or more1. IMA it has a superior resistance to the deve-
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lopment of arteriosclerosis, intimal hyperplasia, medial 
calcifi cation and better vasoreactive properties2. Furt-
hermore, BIMA provide an additional survival benefi t 
over the single LIMA3,1,4,5. 

BIMA use is increasingly recognized to improve 
cardiac free survival and reduce the need for repeat 
revascularization6-8. However, selection of the third 
choice of conduit is debated. The 10 years patency for 
IMA is in range of 90% to 96%, 86% to 88% for the 
radial artery (RA), and as low as 50% to 57% for sa-
phenous vein grafts. Remains the most frequently used 
additional conduit because of its abundance and ease 
of use9,10.

The use of BIMA grafts was considered for many 
years as an important risk factor for a higher incidence 
of deep sternal wound complications, especially in di-
abetic patients. Harvesting IMA as a skeletonized con-
duit, together with better controlled glucose manage-
ment in the postoperative period, is demonstrated to 
lower the risk of sternal wound problems in patients 
who receive BIMA grafting, even in diabetic patients1. 
Even if BIMA revascularization is demonstrated to be 
the best choice, is not universally used due to incre-
ased operative time, usually an additional 30 minutes, 
technical complexity and potential heightened vul-
nerability of some patients to sternal wound infecti-
ons11,12. The most important reasons not to use BIMA 
grafts, especially in diabetic patients are: fear of sternal 
wound infection, sternal dehiscence, and the associa-
ted risk of mediastinitis13. Studies demonstrated that 
BIMA harvesting compromises blood supply to the 
sternum, but a skeletonized manner is proved to sig-
nifi cantly decrease the risk of deep sternal wound in-
fection14,15. Also strict glycemic control16 accompanied 
by skeletonisation technique for harvesting of BIMA 
have been consistently shown to reduce wound com-
plications in diabetics17,18. The skeletonisation tech-
nique independently lowers the risk of sternal wound 
complications in all patients and particularly in those 
with diabetes19,20,24,21,17,18. A meta-analysis made by Soso 
et al. validated that skeletonized IMA harvesting re-
duced the risk of all sternal wound infections by 60%, 
and in diabetic patients reduces this risk from 21.3% 
to 3.57%. In case of harvesting BIMA, the advantage 
of skeletonisation was maintained with reduction of 
sternal wound infection from 11,7% to 2.96% for all 
studies, and in diabetic patients from 14.2% to 4%22. 
When skeletonisation technique was adopted, the risk 
of sternal wound infection in BIMA patients was just 
a little higher than that in single IMA patients, but the 
difference did not reach statistical signifi cance. Despi-

te the benefi cial impact of skeletonisation on reducing 
the risk of sternal wound infection it is important to 
emphasize that skeletonisation is technically more de-
manding and more time consuming than pedicled IMA 
harvesting with a steep learning curve associated with 
it23.

A study made by De Pauli’s and colleagues compa-
red two groups of 450 patients, who received CABG 
using pedicled SIMA, or BIMA harvested in a skeleto-
nized fashion (150 patients), to verify the impact of 
BIMA grafting on deep sternal wound complications. 
Diabetes was not found to be a risk factor, while the 
pedicled harvesting technique impacted on the inci-
dence of sternal complications (odds ratio: 4.1). The 
incidence of sternal wound complications in the SIMA 
group was signifi cantly higher compared with the ske-
letonized BIMA grafting group. (1.1 vs 3.3%, p=0.01).

A meta-analysis of Taggart and colleagues, including 
seven studies with at least 100 patients, and followed 
for at least 4 years, showed signifi cantly better survi-
val in the BIMA group, than in SIMA1 In another study 
of 400 diabetic patients that underwent CABG with 
one or BIMA showed an incidence of 2.25% of sternal 
wound complications, without signifi cant differences 
between the two groups. In the pedicled IMA harves-
ting technique was noticed a higher incidence of ster-
nal wound problems (6.45 vs 1.5%, p=0.0045)1.

Even if there are enough arguments for better out-
come in myocardial revascularization using BIMA, the 
actual publications and multicenter studies shows a re-
duced rate of these strategy of revascularization. Sho-
uld it be from the risk of sternal wound problems, lon-
ger recovery time, increased in hospital morbidity and 
mortality, increasing mean age of patients, or is it just 
another surgery that not many surgeons are willing 
to make? Do they have a real reason? And does that 
depend on the hospital possibilities?

Skeletonization of the IMA it provides superiority to 
the quality of grafts with fewer traumas, fewer posto-
perative complications, decreased sternal wound com-
plications and achieve extra length. Very important, in 
the high-risk population has a potential benefi t in mor-
tality and mainly adverse cardiac events. Because of im-
proving outcomes with skeletonized IMA harvesting, 
the frequency of BIMA grafting was signifi cant elevated 
after that (from 23% to 61% for diabetic patients)3.

MATERIALS AND METHODS
The purpose of this study was to evaluate the post 
operatory differences between the patients that un-
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derwent myocardial revascularization with SIMA and 
BIMA.

This study is a descriptive retrospective analysis on 
267 patients undergoing coronary artery bypass graf-
ting (CABG) with one or two mammary arteries and 
SVG. Patients in this study were operated by a single 
surgical team in the period 06.2011 – 12.2015. All pa-
tients were revascularized using on-pump technique, 
with SIMA or BIMA, and SVG for completing the num-
ber of grafts needed. The IMA conduits were harves-
ted in a skeletonized fashion.

All the patients were evaluated pre and postoperati-
ve for left ventricle ejection fraction (LVEF). 

Dates were collected using patient’s electronic in-
formation from the hospital database. These data were 
analyzed using Microsoft Excel 2010 and SPSS. We cal-
culated p value, with p<0.05 considered statistical sig-
nifi cant (S), while p >/=0.05 was non-signifi cant (NS). 
The inclusion criteria were: patients with angina and at 
least uni-vessel disease with indication for elected or 
emergency surgery. The exclusion criteria were valvu-
lar heart disease with indication for repair or repla-
cement in the same time with revascularization, and 
patient with univessel disease that needed only one 
CABG, redo surgery, and medical conditions that limi-
ted the use of IMA.

We divided patients in two groups, group 1 (122 pa-
tients; 45,69%) included patients that underwent myo-
cardial revascularization using SIMA, and group 2 (145 
patients; 54.3%) included the ones with BIMA grafts. 
We analyzed if there are any differences between the-
se two groups, in age, comorbidities, aortic clamp time, 
extracorporeal circulation time, left ventricle ejection 
fraction (LVEF), postoperative days of hospitalization, 
perioperative complications (bleeding, deep sternal 
wound complications, need for reoperation, stroke, 
acute myocardial infarction, low cardiac output) and 
mortality.

Commonly, in this population IMA grafts were used 
in situ, so in BIMA group, is very important to identify 
the best target vessel for each IMA. The LIMA is usu-
ally anastomosed to the LAD and the RIMA to the 
lateral wall, passing over or behind the aorta, throu-
gh the transverse sinus. Care should be taken when 
passing the RIMA anteriorly across the mediastinum, 
because it imposes an extremely high risk of conduit 
injury during future iterative surgery. Also the strategy 
of passing RIMA behind the aorta, through the trans-
verse sinus for anastomosis to the lateral wall, can be 
very dangerous, as the graft may be under unrecogni-
zed tension, distortion and obscured bleeding1,4,5. 

When using both IMAs for lateral wall anastomosis 
and RIMA is too short, it can be used as a free graft 
and sustured to the LIMA as a T or a Y (Figure 3)1,4,5.

Figure 2. The saphenous vein graft (SVG).

Figure 1. The left internal mammary artery (LIMA) – skeletonized har-
vesting.

Figure 3. Both internal mammary arteries (BIMA) – anastomosed in Y 
shape.



Romanian Journal of Cardiology
Vol. 26, No. 3, 2016

313

Bogdan Radulescu et al.
Myocardial revascularization using bilateral mammary arteries

RESULTS
The study group was represented by 80.9% men (216 
patients) and 19.15 females (51 patients), with mean 
age of 62.47 years old (between 29 to 81 years, SD: 
8.92). 105 patients (39.32%) were known with diabe-
tes type II, 197 (73.78%) patients were (ex) smokers, 
124 (46.44%) of them were obese, 247 (92.5%) pati-
ents had high cholesterol or were in treatment with 
hypolipemiants, 117 (43.82%) had periferic multivessel 
atherosclerotic disease, 187 (70.03%) were known 
with high blood pressure, 178 (66.66%) had at least 
one cardiac event (acute coronary syndrome, acute 
myocardial infarction). About half of patients were in 
NYHA class III or IV (50.56%). Mean preoperator LVEF 
was 51.31 (25-60%, SD: 7.7), 27.71% (74 patients) had 
also left main disease.

24.34% (65 patients) of patients underwent emer-
gency CABG, and the rest of them (75.65%) elective 
operation.

Mean extracorporeal circulation time was 106.64 
minutes (40-286; SD: 35.12), and aortic clamp time was 
63.38 minutes (27-171; SD: 20.57).

Postoperative hospital stay was an average of 8 days 
(SD: 6) with a minimum stay of 4 days and a maximum 
of 93 days, the latter was due to neurologic complica-
tions.

Patients were divided in two groups, Group 1 inclu-
ded patients that underwent CABG using SIMA, and 
Group 2 using BIMA.

In the Table 1 is shown that most of patients recei-
ved 3 or 4 grafts, and that can be explained by mul-
tivessel disease and also signifi cant left main stenosis 
(27.71% of patients).

The differences between the two groups were sta-
tistical not signifi cant for extracorporeal circulation 
time and aortic clamping time, as it is shown in Table 2. 

In Table 3 are shown the postoperative complica-
tions in our two groups, and the differences are not 
signifi cant.

We also calculated the data for elected and emer-
gency operations, but neither in those groups were 
signifi cant differences between SIMA and BIMA graf-
ting strategy.

DISCUSSIONS
The progress in coronary surgery is slowly, particularly 
in the choice of conduits to be used as coronary grafts. 
In the beginning, SVG and internal mammary arteries 
appeared almost at the same time. It’s obviously that 
all the surgeons who were performing Vineberg’s ope-
ration were also able to harvest mammary arteries, 
but the knowledge was not translated in direct myo-
cardial revascularization1.

The SVG became the most used graft and, for a long 
time, it remained the main conduit used for coronary 
surgery. It took a long time and a lot of work until 
the’80s, when it was proven that the use of the LIMA 
on the LAD was able to prevent, in most patients, furt-
her ischemic events and, increase survival. Then the 

Table 1. Number of grafts used for myocardial revascularization
Number of grafts Group 1 Group 2 

2 24 patients (19.67%) 11 patients (7.58%)
3 63 patients (51.63%) 66 patients (45.51%)
4 32 patients (26.22%) 52 patients (35.86%)
5 3 patients (2.45%) 14 patients (9.65%)
6 0 patients  2 patients (1.37%)

Table 2. Intraoperative timing
Intraoperative timing Group 1 (SIMA) Group 2 (BIMA) p value 
On-pump time (minutes) 100.59 111.73 NS
Aortic clamp time (minutes) 56.94 68.8 NS

Table 3. Postoperative complications and mortality
Complications Group 1 Group 2 p value
Bleeding 4.91% (6) 1.37% (2) NS
Stroke 0.8% (1) 0 NS
Myocardial infarction 1.63% (2) 0.68% (1) NS
Deep sternal wound complications 2.45% (3) 2.06% (3) NS
Mortality 1.63% (2) 0.68% (1) NS
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use of BIMA was becoming the best solution for any 
patient with a reasonable life expectancy, but it was 
still a problem due to the complications following the 
pedicled technique of harvesting the graft. At the end 
of the ‘90s arterial revascularization became obvious-
ly superior to standard revascularization (LIMA and 
SVGs), but still today’s surgeons are reluctant to use 
BIMA grafting and its use is limited to a few centers 
and global percentage of patients revascularized with 
this technique is approximately 10% of overall surgical 
experience1.

Increasing of the life expectancy did not help to 
increase the mean age and the presence of dangero-
us comorbidities, which often limit life expectancy, all 
contributed to maintaining the “status quo”. The achie-
vements of clinical research were not applied and the 
application of multiple arterial conduits remains a ni-
che in coronary surgery.

Least, but not last, interventional cardiology is com-
peting with coronary surgery, and maybe will force 
cardiac surgeons to become better, to improve the 
quality of their long term results, because early results 
of interventional myocardial revascularization are su-
rely less traumatic for the patient than surgery1.

CONCLUSIONS
For a long time the diabetic population represented a 
subgroup of patients in whom the double mammary 
was not used due to a high incidence of deep sternal 
infections. For these reason, the long term results of 
BIMA vs LIMA had not been reported in the literature. 
In recent years, with the routine use of skeletonized 
BIMA in some cardiac centers and the consequent de-
cline in sternal problem rate, more surgeons are also 
using the double mammary in this subset of patients1.

Accordingly also to this study, there are no signifi -
cant differences between the SIMA and BIMA groups, 
not even for diabetics, if the conduits are harvested in 
a skeletonized fashion, together with better controlled 
glucose management in the postoperative period.

There are few studies in the literature that have cle-
arly demonstrated the superiority of BIMA vs LIMA 
grafting in diabetic patients. Hirotani and colleagues 
did not fi nd any benefi t, Endo and colleagues found a 
non-signifi cant difference for 10 year survival betwe-
en BIMA (80.2%) and LIMA (75.4%) patients (p=0.46). 
Another study on 8 year outcome for diabetic patients 
that underwent revascularization with BIMA or LIMA 
and SVG showed signifi cantly better 8 year freedom 
from any cause of death, cardiac death, AMI in any area 
or in a grafted area. Cox analysis confi rmed that the 

use of LIMA and SVG(s) was an independent predic-
tor for lower freedom from death (HR: 1.8), cardiac 
death (HR: 1.9), AMI (HR: 9.7). These fi ndings clearly 
demonstrated that BIMA grafting offers the possibility 
to improve late outcome of patients undergoing myo-
cardial revascularization, even if they are diabetics1.

Confl ict of interest: none declared.
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