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Abstract  

Background: In Situ Skeletonized Bilateral Internal Mam-
mary Arteries (BIMA) grafting to the left coronary artery can  
be used in almost all surgical revascularization patients. We  
sought to evaluate our early and mid-term patency rate of  
both arteries to different targets of the left coronary artery  
territory.  

Aim of Study: Assess the early and mid-term outcome of  
using the In Situ BIMA to revascularize the left coronary  
artery territory and the difference in the outcome between  
Left Internal Mammary Artery (LIMA) and Right Internal  
Mammary Artery (RIMA )grafting to the Left Anterior De-
scending coronary artery (LAD) as a main target for ischaemic  
patients scheduled for CABG. We evaluated this technique  

using the BIMA as skeletonized conduits for technical issues  
and on beating heart to standardize the methodology.  

Patients and Methods:  Retrospective data collection for  
two groups of consecutive patients from Jan. 2012 to Jan.  
2016 with revascularization to two or more sites in the territory  
of left coronary artery and In situ BIMA were used. Arrange-
ment of the bilateral IMAs is usually decided according to  
the coronary anatomy, quality and flow of the grafts. (GroupI)  
(100 patients), LIMA was used to supply the LAD and (Group  
II) (33 patients), RIMA was used to supply the LAD. Direct  
coronary angiography was done for post-operative symptomatic  
patients in both groups (8/100) (8%) and (3/33) (9%) (ns)  
respectively. Myocardial Perfusion Imaging (MPI) was done  
to the rest of both groups after written consents.  

Results: There were no differences in the main pre oper-
ative demographics. No significant intraoperative difference  
between the LIMA and RIMA concerning the diameter, wall  
thickness and the occurrence rates of atherosclerosis. The  
average total numbers of anastomoses and bilateral IMA  
anastomoses per patient were (3.2±0.9) and (2.6±0.6), respec-
tively. Significant difference between both groups for the  
number of BIMA anastomoses (2.2±0.6 vs. 2.7±0.8) (p<0.05).  
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There were no hospital mortality and no significant difference  
regarding major cardiac events or sternal wound infection.  
The patencies to the LAD were (94/100) (94%) and (31/33)  
(93%) (p=0.324), and the patencies to other than the LAD  
were (96/100) (96%) and (31/33) (93%) (p=0.195), respectively  
after a mean follow-up period of (42 ±34 months).  

Conclusions:  In situ skeletonized bilateral IMA grafting  
for revascularization of the territory of the left coronary artery  
is feasible and can be used routinely in all patients with  
excellent results. Arrangement of bilateral IMAs did not affect  

the mid-term outcome.  

Key Words:  Coronary artery bypass grafting – Bilateral  
skeletonized internal mammary arteries.  

Introduction  

SAPHENOUS  vein graft atherosclerosis continues  
to be the major cause of Coronary Artery Bypass  
Grafting (CABG) late failure [1] .  

Internal Mammary Artery (IMA) is the graft of  
choice for revascularization of coronary arteries  
in ischemic cardiac patients. The left one (LIMA),  
had the superiority overtime to revascularize the  
Left Coronary Artery (LCA) territory mainly the  
Left Anterior Descending (LAD) owing to its better  
anatomical orientation.  

Better long-term outcomes have been demon-
strated with bilateral IMA grafting compared to  
single IMA graft [2-5] .  

Skeletonization is an advanced technique of  
graft harvesting for Coronary Artery Bypass Graft-
ing (CABG), and while it requires meticulous  
attention, it has many advantages. Some of many  
are, skeletonization of Internal Mamary Artery  
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(IMA) can minimize sternal ischemia and lower  

the risk of mediastinitis, and is longer and larger  
and better quality than pedicled IMA. Since the  

length and flexibility of ITAs are increased if they  
are harvested with a skeletonized technique, some  

reports have described the use of such grafts for  

multiple grafting [6-9] .  

However, there is still some reluctance to use  
bilateral IMAs because of some factors which are  

mainly, the technical difficulty, lack of experience  

and familiarity, the prolonged operation time and  
increased chance of sternal infection. These factors  

can be eliminated with more practice, bypassing  
the learning curve problems, Skeletonization of  

both IMAs, sequential anastomosis to more than  
one target using the same conduit and using IMAs  

as in situ conduits. Long-term benefits may be  

achieved when in situ bilateral IMAs are used for  

left-side myocardial revas-cularization [7] .  

Currently, in situ skeletonization of BIMAs  
accounts for approximately 80% of our isolated  

CABG operations in our center, whatever the tech-
nique will be used whether OPCAB, on pump  

beating or conventional CABG. Since the long-
term results of bilateral IMAs used for left coronary  

artery has been proved to be better than that used  

for Right Coronary Artery (RCA).  

Patients and Methods  

Retrospective data collection (medical records,  

data base informations) in Saud Al-Babtin Cardiac  

Center SBCC, Al-Dammam, KSA for the study  

group of CABG patients.  

This study was approved by our Institutional  

Review Board (IRB), and informed consent was  
obtained from all patients with respect to the sur-
gical method and post-operative angiography.  

The study population included: Two groups of  
consecutive patients from Jan. 2012 to Jan. 2016  
with evidence of indicated revascularization to two  
or more sites in the territory of left coronary artery  

and in situ BIMA were used and operated on beating  
heart. Patients with single IMA, usage of one of  

the IMAs as free graft, usage of RIMA to the RCA,  

patients operated with cardioplegic arrest are ex-
cluded as well as those who refused to do follow-
up graft patency evaluation.  

The study population were categorized accord-
ing to the IMA supplying the LAD. (Group I) (100  

patients), LIMA was used to supply the LAD ±  
other target vessel and (Group II) (33 patients),  

RIMA was used to supply the LAD ±  other target  
vessel.  

Direct coronary angiography was done for post-
operative symptomatic patients in both groups  

(8/100) (8%) and (3/33) (9%) (NS) respectively.  

MPI or CT coranary angiography was done in  

(92/100) (92%) and (30/33) (91%) respectively  
and according to the patient preference for the  

purpose of the study.  

CABG strategy was to bypass all significant  

stenosis (a diameter reduction of at least 70%) in  

all coronary vessels larger than 1 mm in diameter.  
Arrangement of the bilateral IMAs is usually de-
cided according to the coronary anatomy, size/  

degree of stenosis of the grafted vessels, and  

quality/flow of the grafts. In most of the cases,  

BIMAs are of good quality and flow and appropri-
ate length, LIMA is directed to supply the LAD ±  
Diag. And the RIMA to RI/OM. Basically, the  
larger IMA was used for the LAD. When sequential  

grafting is necessary in the Cx, the longer IMA  

will be used for this region. Heparin was adminis-
tered after all grafts were harvested.  

Surgical technique:  

Median sternotomy was performed in all pa-
tients. A deep pericardial stay suture was used in  
almost all cases as a routine, and a commercially  
available heart stabilizer was applied to the heart  

(Octopus, Medtronic Inc., Minnea-polis, MN). A  

bloodless field was obtained using an appropriate  

size intracoronary shunt and CO 2  blower. All anas-
tomoses were performed with an 8-0 polypropylene  

running suture. When the RIMA was anastomosed  
to the Cx, it was routed in front of the outflow  
great vessels and never through the transverse sinus  

avoiding any kink or twist. When sequential graft-
ing is constructed, diamond shaped side-to-side  

anastomosis or parallel according to the anatomy  

of the grafted vessels but the terminal anastomosis  

is always parallel. When the RIMA was anastomo-
sed to the LAD, it was directed anterior to the  

aorta. When possible, the RIMA was wrapped in  
thymic tissue and covered with mediastinal fat to  
prevent injury at reopening.  

Early follow-up was evaluated during the hos-
pital stay. Immediate post-operative and before  

closure of the sternum, the grafts are being evalu-
ated with flowmeter, clinical close follow-up of  

the daily lab. Work and ECG to detect peri-
operative Myocardial Infarction (MI). Mid-term  

follow-up was evaluated during the period of study.  

Coronary angiography was done for post-operative  
symptomatic patients in both groups (8/100) (8%)  
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and (3/33) (9%) respectively. MPI or CT coranary  

angiography was done in (92/100) (92%) and  

(30/33) (91%) respectively after formal informed  

consent. Patients who refused the follow-up diag-
nostic evaluation were excluded from the study.  

Clinical and angiographic outcomes were then  

compared between those in whom the LIMA was  

grafted to the LAD and RIMA was grafted to the  

Cx (Group I) (100 patients) and vice versa (RIMA  

to LAD group). And LIMA was grafted to the Cx  

(Group II) (33 patients).  

Myocardial perfusion scintigraphy (SPECT  

mps) was done for all patients using stress/rest  

separate day protocol. All patients were stressed  

on medication pharmacologically using Adenosine  
intravenously through the infusion pump in a rate  

of 140ugm/min for 6min. (925MBq) Tc-99m tetra-
fosmine was injected intravenously 3mins from  

starting infusion in a separate arm and then the  
patient was called for imaging 30min later. Semi-
quantitaive analysis was done using Cedars-Sinai  

protocol. Study is interpreted as normal whenever  

there is diffuse homogenous radioactivity through-
out the wall of the left ventricle and no evidence  

of transient cavity dilatation and consistent EF in  
the stress and rest phases. Ischemia was interpreted  

whenever there is inducible perfusion mismatch  

in stress and rest phase images. Ischemia was  

scored mild, moderate or sever according to the  

diminished radioactivity. Area of ischemia was  

interpreted as small when <10% of the myocardium  

is involved, moderate 10-20% is involved, large  

>20%. Transient cavity dilatation and stress induced  

drop in EF >5% is to be considered even in absence  

of perfusion mismatch. Fixed defect is diagnosed  
whenever there is fixed diminished radioactivity  
in stress and rest phases and it represents possible  

infarction with no evidence of ongoing ischemia  
[10] .  

Any patient with moderate or severe degree of  

perfusion mismatch was considered for Coronary  
Angiography (CAG) and possible interference.  

Statistical analysis:  
Continuous variables are reported as the mean  

±  standard deviation. Continuous variables were  

compared using the Student's t-test and discrete  
variables were compared using the χ

2
-test or Fish-

er's exact test. Differences were considered statis-
tically significant at p<0.05. The collected data  
were organized, tabulated and statistically analyzed  

using SPSS software statistical computer package  

Version 13.  

Results  

There were no differences in the main pre-
operative demographics (Table 2).  

No significant intraoperative difference between  

the LIMA and RIMA concerning the diameter, wall  
thickness and the occurrence rates of atherosclero-
sis. The average total numbers of anastomoses and  
bilateral IMA anastomoses per patient were (3.2 ±  
0.9) and (2.6±0.6), respectively. Significant differ-
ence between both groups for the number of BIMA  

anastomoses (2.2±0.6 vs. 2.7±0.8) (p<0.05) (Table  
2).  

There were no hospital mortality and no signif-
icant difference regarding major cardiac events or  

sternal wound infection. (Table 2).  

The patencies of the left and right IMAs to the  

LAD were (94/100) (94%) and (31/33) (93%) ( p=  
0.324), respectively. The patencies of the right and  

left IMAs to other than the LAD were (96/100)  

(96%) and (31/33) (93%) (p=0.195), respectively  
after a mean follow-up period of (42 ±34 months)  
for both groups (Table 3).  

Table (1): Pre-operative clinical characteristics.  

(LIMA→  
LAD)  

(100 patients)  

(RIMA→  
LAD)  

(33 patients)  

p- 
value  

• Age (years)  (64.8± 10.3)  (65.4±9.3)  0.53  

• Female (%)  23 (23%)  8 (24%)  0.38  

• Obesity (%)  28 (28%)  9 (27%)  0.67  

• Diabetes Mellitus (DM) (%)  74 (74%)  24 (72%)  0.47  

• Hypertension (%)  73 (73%)  25 (75%)  0.85  

• Hypercholesterolaemia (%)  85 (85%)  29 (87%)  0.67  

• Creatinine level >2mg/dl (%)  48 (48%)  17 (51%)  0.88  

• Chronic Obstructive Pulmonary  5 (5%)  1 (3%)  0.68  
Disease (COPD) (%)  

• Heavy smoker (%)  42 (42%)  16 (48%)  0.36  

• EURO-Score (logistic %) (%)  (4.8± 1 .3)  (5.1 ± 1.6)  0.63  

• NYHA class  (2.8±0.3)  (2.6±0.6)  0.87  

• Pre-operative Ejection Fraction  (52.8±9.3)  (54.6±10.4)  0.78  
(EF%)  

• Three Vessels Disease (3-VD)  82 (82%)  29 (87%)  0.84  

(%)  

• Redo  1 (1%)  0  0.92  

• Emergency  6 (6%)  3 (9%)  0.34  
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Table (2): Intra-operative, ICU and hospital course.  

(LIMA→  
LAD)  

(100 patients)  

(RIMA→  
LAD)  

(33 patients)  

p- 
value  

• Mean distal anastomoses/patient.  
• Grafts/patient.  
• Bilateral Internal Mammary Arteries anastomoses/patient.  

(3.8± 1.2)  
(2.9±0.5)  
(2.2±0.6)  

(3.7±0.9)  
(2.8±0.6)  
(2.7±0.8)  

0.35  
0.78  
<0.05  

• Radial Artery Graft (%).  34 (34%)  12 (36%)  0.89  
• Saphenous Venous Graft (%).  32 (32%)  11 (33%)  0.79  
• Total arterial re-vascularization (%).  65 (65%)  21 (63%)  0.65  
• Off-pump revascularization (%).  62 (62%)  20 (60%)  0.86  
• On-pump beating revascularization (%).  38 (38%)  13 (40%)  0.73  
• Total operative time (hours).  (5.5± 1.6)  (5.7± 1.4)  0.34  
• Blood transfusion.  38 (38%)  12 (36%)  0.69  
• ICU ventilation time (hours).  (8.4±6.4)  (9.1 ±5.6)  0.46  
• Re-exploration for bleeding.  3 (3%)  1 (3%)  0.93  

• ICU Arrhythmias or major cardiac event (%):  
-  Atrial Fibrillation (AF).  14 (14%)  5 (15%)  0.47  
- Ventricular arrhythmias.  2 (2%)  1 (3%)  0.38  
-  Peri-operative myocardial. infarction.  1 (1%)  0 (0)  0.58  
- Low Caediac Output (LCO) (%).  2 (2%)  1 (3%)  0.68  
-  IABP insertion (%).  1 (1%)  0 (0)  0.49  
-  Stroke.  2 (2%)  1 (3%)  0.59  
-  Prolonged ventilation (non cardiac cause).  3 (3%)  1 (3%)  0.89  

• ICU stay (days).  (1.9± 1.1)  (1.4± 1.7)  0.93  
• Total hospital stay (days).  (9.4±7.3)  (11.2±9.6)  0.64  
• Sternal Wound Deheiscence (SWD).  3 (3%)  1 (3%)  0.91  
• Mortality (cardio-respiratory related) (%).  0 (0)  0 (0)  0.99  

Table (3): Anastomotic pattern of both groups and F/U patency.  

Main graft→LAD  No. of  
patients (%)  

F/U patency  
(%)  

The opposite  
graft  

No. of  
patients (%)  

F/U patency  
(%)  

LIMA→LAD (Group I)  88/100 (88.0%)  84/88 (96%)  RIMA  88/100 (88%)  85/88 (97%)  
→D  14/88 (16%)  23/85 (27%)  
→RI  24/88 (27%)  24/85 (28%)  
→RI-OM  
→OM  40/88 (45%)  38/85 (45%)  

LIMA→LAD-D  (Group I)  12/100 (12.0%)  10/12  (83%)  RIMA  12/100 (12.0%)  11/12 (92%)  
→RI  5/12 (42%)  4/12  (32%)  
→RI-OM  
→OM  7/12 (58%)  7/12 (58%)  

RIMA→LAD (Group II)  30/33 (91%)  28/30 (93%)  LIMA  30/33 (91%)  28/30 (93.3%)  
→D  
→RI  4 (12%)  
→RI-OM  15 (46%)  
→OM  6 (18%)  
→OM-PL  5 (15%)  
→PL  

RIMA→LAD-D  (Group II)  3/33 (9.0%)  3/3 (100%)  LIMA  3 (9%)  3/3 (100%)  
→RI  
→RI-OM  1 (3%)  
→OM  
→OM-PL  1 (3%)  
→PL  1 (3%)  

Discussion  

The debate is still there for the ideal way to  

revascularize ischemic hearts either using the  

conventional way or beating heart as well as the  

selection of the conduits. In this study we evaluated  

the use of in situ BIMA in re-vascularization of  

the left coronary artery territory using beating heart  

surgery. Essentially, as shown in the methodology,  

we are usually aiming to completely revascularize  
all the target vessels OPCAB using the intracoro-
nary shunts (62% vs. 60%) (p=0.86) and only in  
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case of hemodynamic instability or the high risk,  

we proceed for on pump beating (38% vs. 40%)  

(p=0.73).  

Off-pump coronary artery bypass grafting (OP-
CAB) was shown to provide early and long-term  
benefits compared with conventional Coronary  
Artery Bypass Grafting (CABG) [11,12] . However,  
few studies have determined the optimum combi-
nation of OPCAB and in situ bilateral IMA grafting  
as shown in our current study [12,13] .  

Although, many of the studies was in favor of  

using the RIMA as a composite graft with the  
LIMA as Y or T, others showed that composite  

grafting using free IMA result in a decreased mid-
term survival compared to in situ bilateral ITA  

grafting [14] .  

In situ bilateral IMAs are used for left-side  
myocardial revascularization and was strongly  
recommended due to its long-term benefits [7] .  

Revascularization of the RCA usually deserves  
grafting of the PDA or the PL, and the length of  
the in situ RIMA is usually not enough even with  
skeletonization, furthermore, we believe that the  

patient can benefit more from this in situ arterial  

graft if supplies one or more targets of the left  
coronary artery territory. For this concept, the  

majority of our cases done with in situ BIMA were  

to the left coronary artery territory.  

This concept had also been addressed long time  
ago by others who shown good long-term benefits  
and re-producibilty of its application. The length  
and flexibility of IMAs are increased if they are  
harvested with a skeletonized technique and can  

be used for multiple grafting [7,8] .  

In addition to providing a longer length and a  
better flexibility than a pedicled IMA, the skele-
tonized IMA was reported to have greater blood  

flow than that of pedicle IMA which make the  

grafting on beating heart easily performed [15] .  

Although almost all cardiac surgeons consider  
the LIMA being the gold standard graft to the  
LAD, some studies showed excellent long term  
patency of RIMA to LAD with no significant  
difference between both IMA(s) to LAD [16] .  

We believe that there is no differences in clinical  
and angiographic outcomes between grafting of  

the LAD with either LIMA or RIMA and based on  
this, we suggest that arrangement should be decided  

upon the quality, flow of the grafts and anatomy  
of the target vessels to get the maximum arterial  
supply to the territory of the left coronary artery  

using the in situ BIMA. We essentially use the  
larger IMA with better flow for the LAD. When  

sequential grafting is necessary in the Cx artery,  

and both IMAs are of good quality, LIMA can be  

better for this region.  

The use of in situ Skeletonized BIMA for revas-
cularization can be done in the conventional way  

using Cardiopulmonary Bypass (CPB) and flaccid  
heart as well as on beating heart. Rather than  
skeletonization of BIMA being demanding, the  

sequential anastomoses using one of (IMA) them  
or both (BIMA) is more demanding but being on  
beating heart and the heart is beating and not empty  
makes determining of the distance between the  
two anastomoses more easy and allows getting  

more numbers of anastomoses using the same graft  
[17] .  

In this study, there was a significant difference  

in the mean number of anastomoses done by the  
in situ skeletonized BIMA in both groups (2.2 ±0.6  
vs. 2.7±0.8 with p<0.05). Using the LIMA to supply  
the lateral and postero-inferior wall gives the  

surgeon more chance to do more number of se-
quential anastomoses.  

Actually, the main target of arrangement of  

both in situ BIMA in this technique is to achieve  

the greatest number of distal anastomoses using  
them. In the presence of good flow and quality of  
both BIMA and more than one good target on the  

lateral wall, we usually use the RIMA to the LAD  

as in (Group II) and the LIMA to these targets on  

the lateral wall. Also, if the quality ±  flow is better  
in the RIMA than in the LIMA, we use it (RIMA)  

to the LAD.  

This strategy is very important and is a good  
justification to our excellent results of RIMA to  

LAD as shown in the results that patencies of the  

left and right IMAs to the LAD were (94/100)  
(94%) and (31/33) (93%) (p=0.324), respectively.  
This means that a good IMA either LIMA or RIMA  
gives almost the same results to the LAD provided  
that we have good anastomoses and good distal  
runoff of the LAD.  

These good results of both LIMA and RIMA  
when been used to supply the LAD were also  

achieved by others [16] .  

Analysis of the six patients in (Group I) and  

the two patients in (Group II) with post-operative  

LAD territory ischaemia showed that four patients  

in (Group I) had preoperative bad distal runoff and  

the other four (two in each group had anastomotic  

strings).  
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In our strategy, we are usually harvesting the  

in situ skeletonized BIMA proximally up to the  
origin and distally with its bifurcation and even  
with the two bifurcating branches if the caliber of  

both is good. These good caliber two distal branches  

allowed us to supply the LAD and diagonal with  

this natural Y in three patients in GroupI and one  

patient in Group II.  

The length of the in situ skeletonized BIMA  
specially the RIMA is another main factor deter-
mining our strategy of arrangement of both grafts.  

The in situ LIMA usually can cover and reach any  

anastomotic targeted site along the LAD and even  

sequentially with one of the diagonals or the Ram-
ous Intermedius. The in situ skeletonized RIMA  
can also cover and reach any anastomotic targeted  

site along the LAD unless the heart is dilated but  

can never sequentially used with one of the diag-
onals unless having two good caliber terminal  

branches and the anatomy of the lesion on the  
diagonal is favorable as in the mentioned three  

cases of Group II.  

The course of the RIMA to supply the lateral  
wall can be either in front of the aorta or retroaortic.  

The second although giving more length and pos-
sibility to graft two targets on the lateral wall yet  

being disadvantageous because of the inability to  
control any side-branch bleeding at the time of  
surgery or if the patient was re-explored for bleed-
ing, having higher incidence of compression by  

the aorta and difficulty in detecting any graft kinks.  

We usually use the RIMA anterior to the aorta  
and although the length is usually not enough to  

do sequential anastomoses to two targets on the  

lateral wall but it can serve good caliber diagonal,  

Ramous Intermedius and marginal arteries whether  
the first or even the second. We believe that deter-
mining the correct direction and course of the  

conduit in this way is important in preventing  
kinking as occurs in the second mentioned retro-
aortic course. This was also recommended in other  

studies with the same concept [16] .  

The procedure is demanding in general and  
takes more effort and relatively more time than  

the conventional way but on the other side, we  
achieved good arterial revascularization to the  

major or even whole of the left coronary artery  
territory with the least anastomotic site numbers  
and good long term patency.  

Studies have shown that risk factors of deep  

SWD post-cardiac surgery include prolonged intu-
bation, bilateral internal mammary arteries use,  

diabetes mellitus, post-operative bleeding, re- 

exploration, high Body Mass Index (BMI) and  
combined surgery [18] .  

The incidence of SWD which is a major concern  
in revascularization using BIMA specially in DM  
patients in our study was around 3% in both groups  

of our study. It came in agreement with many other  

studies of the literature. The range of incidence of  

deep SWD varies (0.4-5.1%) [19,21] .  

Skeletonization technique, even for both IMAs  

can preserve the collateral blood supply to the  
sternum [14,15] . Different techniques have been  
shown in the literature with approximate results  
and final conclusion of the benefit of skeletoniza-
tion in preserving good part of the blood supply  
to the sternum and subsequent better sternal healing  

and low incidence of SWD or mediastinitis [22,23] .  

Limitations of the study:  The study being ret-
rospective observational, on small number of pa-
tients and mainly comparing the outcome of both  
in situ BIMA to different anastomotic sites to the  
left coronary artery territory are major limitations.  

The refusal of many asymptomatic patients and  

their cardiologists to re-evaluate their grafts with  

MPI or CT angio-graphy lead to exclusion of a lot  
of patients. The study was also limited to the on  
beating heart patients so, there was no control  

group of conventional CABG and in this way we  

can not guarantee the efficacy of in situ BIMA in  
CABG as a general rule.  

Conclusion:  
In situ skeletonized BIMA is a valid option to  

re-vascularize the left coronary artery territory  

with at least two anastomoses up to four reaching  

full arterial revascularization with long term excel-
lent results. Skeletonized RIMA gives excellent  
long term patency to the LAD and can be an alter-
native to the gold standard LIMA.  
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