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Abstract 
The use of bilateral internal thoracic arteries to treat coronary artery disease 
is very less despite of improved long-term survival. In this case report, a pa-
tient presented with TVD has been managed with anaortic off-pump com-
plete arterial revascularization (OPCABG) by using composite LIMA RIMA 
Y Sequential 5 grafts to achieve complete arterial revascularization success-
fully. This type of operative procedure is technically difficult in a resource 
poor country like Bangladesh. However, this has been done by a group of 
young cardiac surgeon. During follow up, the patient is in a good condition. 
 

Keywords 
Anaortic, Off-Pump, Complete Arterial Revascularization, Composite LIMA 
RIMA Y Sequential 5 Grafts, Triple Vessel Disease, Low Resource Country 

 

1. Introduction 

The most widely utilized coronary artery bypass grafting (CABG) technique re-
mains the left internal mammary artery (LIMA) to the left anterior descending 
(LAD) artery and reversed long saphenous vein (LSV) from the aorta to other 
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arteries, performed using cardiopulmonary bypass on an arrested heart [1]. 
However, there are 2 significant drawbacks to this widely performed technique. 
Firstly, there is now an established relationship between the degree of aortic ma-
nipulation and the risk of neurological injury. In a large network meta-analysis 
performed comparing all techniques (on-pump CABG with an aortic cross-clamp, 
off-pump CABG with a partial occlusion clamp, off-pump CABG with a prox-
imal anastomotic device and “anaortic” off-pump CABG with no aortic mani-
pulation), the anaortic technique was shown to be the most effective method for 
decreasing the risk of stroke [2]. It also reduced the risk of mortality, renal fail-
ure, bleeding complications and other morbidity [3]. The second drawback to 
the traditional technique is the known failure rate, both early and late, of LSV 
grafts [4]. In contrast, the benefits of multi-arterial grafting (MAG), using the 
right internal mammary artery (RIMA) and/or radial artery, on long-term pa-
tient survival, have been known for more than 2 decades [5].  

Despite of improved long-term survival attained by using bilateral internal 
mammary arteries (BIMA) over the standard left internal mammary artery (LIMA) 
with saphenous vein grafts (SVG) supported by recent literatures [1] [2] [3] [4], 
the use of BIMA is very less in reality [5] [6]. Since Barn & Barnett [7], Tector et 
al. [8] and Barr et al. [9] proposed Y or T graft procedure done by anastomosing 
the proximal end of the free RIMA to the side of the in situ LIMA, that provides 
an extra length to facilitate reaching the distal coronary artery branches, issues of 
complete arterial revascularization using BIMA made a way out. Kamath et al. 
[10] and Chocron et al. [11] were first to report their experiences using BIMA 
grafts in off-pump coronary artery bypass grafting (OPCABG) setting which sub-
sequently become more popular to avoid cardiopulmonary bypass (CPB) related 
complications. We present here a patient with triple vessel disease (TVD) on 
whom an aortic OPCABG using composite LIMA RIMA Y sequential grafts was 
performed to achieve complete arterial revascularization.   

2. Case Presentation 

A 45 years’ male, normotensive, nondiabetic patient with BMI of 22.5, known 
case of coronary artery disease (triple vessel disease), presented with history of 
anteroseptal myocardial ischaemia (MI) 10 months back for elective surgical re-
vascularization. He had past history of chest pain along with dyspnea on exer-
tion for 6 months before the incidence. There wasn’t any other significant past 
medical or surgical history. His coronary angiography revealed 90% to 95% ste-
nosed left anterior descending artery (LAD) in its proximal segment, total occlu-
sion of obtuse marginal (OM)2 in its proximal segment, 70.0% to 75.0% ste-
nosed right coronary artery (RCA) along with 80% stenosed posterior left ven-
tricular branch (PLV) in its mid segment (Figure 1). Echocardiography revealed 
antero-septal wall hypokinesia with fair left ventricular systolic function (EF 
51%), trivial mitral regurgitation (MR) and good right ventricular (RV) function 
(TAPSE 18 mm). 
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(a)                                   (b) 

 
(c)                                   (d) 

Figure 1. (a). After construction of Y anastomosis, (b). LIMA to D1 anastomosis is going 
on, (c). Just after construction of RIMA Y to PDA anastomosis, (d). After completion of 
LIMA RIMA Y grafting. 
 

OPCABG was performed in this patient through standard median sternoto-
my. LIMA was harvested in skeletonized fashion while RIMA was harvested as a 
pedicled conduit. To ensure maximal length, both the internal mammary arte-
ries (IMA) were tried to free much as possible between the subclavian artery 
proximally and bifurcation of IMA distally. When both the IMAs are freed from 
the chest wall, heparin administered and LIMA is divided distally. RIMA is di-
vided both proximally and distally to make it a free graft. The LIMA RIMA end 
to side Y anastomosis constructed at the level of pulmonary annulus using 8-0 
prolene suture after preparing the proximal end of LIMA as well as the rest of its 
length also. LIMA sequential to diagonal (D) D1 and LAD constructed using 8-0 
prolene suture. Then RIMA Y sequential to OM2, OM3 and posterior descending 
artery (PDA) were made using 7-0 prolene suture (Figure 1). Postoperatively the 
patient had uneventful recovery and was discharged from hospital on his 7th 
post-operative day. 

3. Discussion 

A Y graft is a graft which is constructed by the LIMA anastomosed to the LAD 
and by a free RIMA anastomosed to the LIMA proximally in an end to side 
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manner which connected distally to a marginal branch of the circumflex artery, 
first proposed by Sauvage et al. [12]. Construction of this Y limb using LIMA 
and free RIMA is technically challenging but that provides an extra length to 
reach the distal targets, including the PDA. The use of this Y conduit in the re-
vascularization of the blocked territory has several advantages. One of these is, it 
is ideally matched and avoid the problems of proximal anastomosis to the aorta 

and this “no touch” technique reduces the risk of stroke and the greater length of 
RIMA facilitates more extensive myocardial revascularization which helps to 
avoid the use of a third conduit [13]. On the other hand, as like all surgical tech-
niques, it has some pitfalls as well. Single source blood supply with steal pheno-
menon, competitive flow and hypoperfusion syndrome are some of the well 
recognized drawbacks associated with composite grafting [14]. The “Achilles 
hill” of Y grafting is to graft two territories with different run-off (e.g. 90% 
proximal LAD stenosis with a large territory and 50% proximal circumflex artery 
territory) which is responsible for lower patency rate than that of individual 
grafting [15]. In our case, all the target vessels had critical stenosis (≥75%). 

The relative flow distribution among the grafted vessels in case of composite Y 
grafts depends on the size of the respective vascular beds and grafted vessels as 
well as the degree of native coronary stenosis [16]. Glineur et al. [17] conducted 
a study to determine the capacity of Y graft configuration to provide sufficient 
blood flow to the whole left coronary system and about possible steal phenome-
non occurring during period of maximal myocardial blood flow demand. They 
measured fractional flow reserve (FFR) during cardiac catheterization 6 months 
after Y graft revascularization of the left coronary system with both IMAs in 11 
consecutive patients. They found Y graft allows an adequate revascularization of 
the whole left coronary system with an even distribution of perfusion pressure in 
both distal branches and minimal resistance to maximal blood flow. 

Use of BIMA was found superior over single IMA and vein grafts in a number 
of observational or propensity matched studies and several meta-analysis. In-
creased long time survival has been reported in high risk patients undergone 
BIMA grafting [18] [19] [20] [21]. Despite of these good results using BIMA, the 
use of BIMA grafting found surprisingly low among the surgeons. LaPar et al. 
[6] reported that, from 2001 to 2013, use of BIMA was only 3% in the overall 
bypass population and 6.0% in a subgroup of patients considered “low risk” for 
BIMA use. An analysis of the Society of Thoracic Surgeons database revealed the 
use of BIMA was 3.5% in 1999 and 4.1% in 2009 [5]. One of the reasons is the 
fear of sterna wound dehiscence and another one is lack of experience and fear 
of incomplete revascularization. Wound infection can be minimized by harvest-
ing skeletonized IMA [22] and the aggressive control of blood glucose in diabetic 
patients. As well as it provides extra length that can combat the fear of incom-
plete revascularization. Di Mauro et al. [23] reported a better 17 years survival in 
patients with skeletonized BIMA grafts than in patients with pedicled BIMA 
grafts. We harvested LIMA as skeletonized graft while RIMA was harvested as 
pedicled graft.  
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IMA hypoperfusion syndrome resulting from vasospasm of the arterial grafts 
is associated with high mortality [24]. Perioperative hypoperfusion may lead to 
ischaemia, infarction, low output states, profound hypotension in 1% - 2% cases 
undergoing composite grafting [25]. The hypoperfusion syndrome may result 
from injury to the conduit during harvesting, technical errors in the anastomo-
sis, linear tension on the conduit, angulation at the anastomotic site and unre-
solved harvest spasm [26]. To reduce the incidence of perioperative hypoperfu-
sion, proper preoperative assessment of the quality of IMA graft and the subcla-
vian artery by angiography, carefulness and adherence of meticulous surgical 
techniques during conduit harvesting and construction of anastomosis, insertion 
of 1 - 1.5 mm flexible prob into the IMA after harvesting, and flow measurement 
by transit time Doppler flow meter after completion of anastomosis are the key 
[27]. 

In our case, we performed 5 distal anastomoses. LIMA was grafted sequen-
tially to D1 and LAD, while RIMA Y was grafted sequentially to OM2, OM3 and 
PDA. Gu et al. [28] performed OPCABG using LIMA RIMA Y grafts in 208 pa-
tients from October 2002 to December 2008. Their average distal anastomoses 
was 3.5 ± 1.3 per person. They found OPCABG using the BIMA Y graft was safe 
and effective to achieve total arterial revascularization. Another study conducted 
by Glineur et al. [29] from January 2000 to December 2010 among 436 patients 
at 2 different institutes, using the BIMA Y grafts to assess the utilization of 
BIMA Y in comparison to BIMA with additional vein grafts revealed improved 
survival with the use of BIMA Y grafts. Their average number of grafts in BIMA 
Y group and BIMA with additional vein grafts group was 4.0 ± 0.7 vs 4.0 ± 0.7; p 
= 0.24. Di Mauro et al. [30] in their BIMA in situ vs Y graft 20 year outcome 
study, reported outcome of BIMA grafting is independent of surgical configura-
tion. Y grafting increases the flexibility of BIMA grafting and should be taken 
into account when a surgical strategy for myocardial revascularization needs to 
be planned. 

4. Conclusion  

OPCABG by using LIMA RIMA Y graft is an effective option for total arterial 
revascularization. Adherence to meticulous surgical techniques can avoid the 
possible complications and also overcome the fear of incomplete revasculariza-
tion despite the number of target lesions. 
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