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A B S T R A C T   

There is still lack of convincing evidence about the superiority of bilateral internal thoracic artery (BITA) use in 
coronary artery bypass grafting (CABG) and BITA grafts continue to be underutilized. Arterial Revascularization 
Trial (ART) did not demonstrate the superiority of BITA versus single ITA grafting after 10 years. 
We have reviewed the most recent literature, assessed the current status as well as indications of BITA grafting in 
the post-ART era. We believe that BITA grafting is not appropriate for all patients especially in light of the 
findings of ART. However, the use of BITA is justified in patients of younger age and those without comorbidities 
(poorly controlled diabetes, obesity, chronic obstructive pulmonary disease, previous mediastinal irradiation, 
long-term steroid use, elderly women). Further prospective randomized studies with long-term follow-up are 
needed to validate the benefits of BITA grafting.   

1. Introduction 

The use of the of left internal thoracic artery (LITA) as a graft to the 
left descending artery (LAD) has become a standard surgical practice for 
myocardial revascularization due to the well-established evidence about 
excellent early mortality and morbidity as well as the long-term patency 
[1]. The benefit of using LITA has stimulated enthusiasm in the use of 
the right internal thoracic artery (RITA) [2]. Most of evidence focusing 
on perioperative mortality and morbidity following myocardial revas-
cularization has demonstrated that using either single ITA or bilateral 
internal thoracic artery (BITA) grafts does not increase the perioperative 
risk [1–3]. Several retrospective studies and meta-analyses have sug-
gested that BITA use can be associated with improved long-term survival 
compared to the coronary artery bypass grafting (CABG) with a single 
ITA [2,4–7]. Consequently, these findings have led to a change of rec-
ommendations on procedural aspects of CABG in the current guidelines 
[8,9]. Recent guidelines encourage multiple arterial grafting, while 
BITA grafting should be considered in patients who do not have a high 
risk of sternal wound infection [9]. However, despite the potential 
long-term survival benefits, BITA grafting continues to be underutilized 
and only 4–5% of CABG procedure in the USA are performed with BITA 
use [10,11]. 

Arterial Revascularization Trial (ART), the only randomized 
controlled trial comparing single ITA and BITA, did not demonstrate a 
survival benefit of BITA grafting during a 10-year follow-up [12]. 
Furthermore, BITA grafting is associated with increased sternal wound 
infection rate [1]. Additionally, increased technical complexity and 
perioperative risks may have precluded universal adoption of BITA 
grafting [13–15]. In this article, we have reviewed recent literature on 
the topic of BITA grafting in the post-ART era in an attempt to assess 

current status of BITA use and to recognize potential benefits of this 
technique. 

2. Arterial Revascularization Trial 

ART was designed as a multicenter randomized trial comparing 
outcomes of BITA with single ITA grafting for CABG during the 10-year 
study period [12]. Among 3105 patients who were included in this trial, 
no significant difference was found between the two groups in the rate of 
death from any cause at 10 years [12]. There were several potential 
reasons for the lack of evidence of superiority of BITA as compared with 
single ITA grafting. Firstly, there was a relatively high rate of crossover 
as 14% of patients assigned to the BITA group underwent single ITA 
grafting, while a significant proportion of the single ITA group (22%) 
received a radial artery (RA) as a second arterial graft. Moreover, vein 
graft failure is a common finding in patients after CABG surgery, 
particularly 10 years after, and may be a major confounder in this study 
in addition to the use of RA. In addition, high use of guideline-based 
optimal medical therapy might have narrowed differences in clinical 
outcomes between the groups. Importantly, ART emphasized the 
importance of optimal medical therapy to improve the short- and 
long-term outcomes of CABG surgery. Furthermore, both ITA harvesting 
techniques were used within the same study, patients were operated 
both on-pump and off-pump, and there were no follow-up angiograms so 
the true incidence of graft patency is unknown. Therefore, conclusions 
of the ART should be interpreted with a word of caution (Fig. 1). On the 
other hand, the authors have found a significant increase in the inci-
dence of sternal wound complications in the BITA group during the first 
6 months of follow-up. We believe that in the absence of a clear cut 
survival advantage as suggested by ART, perceived increased risk of 
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sternal wound complications is a significant variable that must influence 
the decision-making process for BITA grafting. A tailored approach 
focusing on specific subgroups of patients who could benefit from BITA 
grafting without exposing them to increased risk of sternal wound 
complications should be the preferred strategy. . 

2.1. Post-ART evidence for BITA grafting 

There is still a lack of convincing prospective data regarding the best 
second graft. Recently, Schwann et al. have reported a retrospective 
comparison of perioperative outcomes after radial artery (RA) and BITA 
grafting using the Society of Thoracic Surgeons Adult Cardiac Surgery 
Database (STS-ACSD) [16]. Although the comparison showed similar 
perioperative mortality in both groups (1.2% vs. 1.3%, RA vs. BITA), 
BITA group was associated with 20% increased risk-adjusted perioper-
ative mortality [16]. This finding can be partially explained by surgeon 
inexperience with BITA grafting particularly as the authors have 
observed equivalent perioperative survival between the both groups at 
centers with a 20–40% of BITA-use rate and a superior short-term sur-
vival at centers with >40% of BITA-use rate. Similarly, the increased 
deep sternal wound infection risk was not observed at centers with high 
BITA-utilization rate (>40%) despite overall incidence of deep sternal 
wound infections was higher in the BITA group. However, harvesting 
technique of ITA and strategy of the arterial graft use were not reported. 
All in all, we can say that short-term outcomes of RA were superior to 
those of BITA grafting at low BITA-use but not high BITA-use 
institutions. 

On the other hand, a recent retrospective study by Zhu et al. has 
demonstrated improved long-term survival using BITA grafting versus 
single ITA in isolated CABG surgery in the USA [4]. Prior to matching a 
total of 1,156,339 and 25,005 patients who underwent CABG using 
single ITA and BITA grafting, respectively, single ITA patients were 
older, more likely to be female, and had a greater burden of chronic 
diseases than BITA patients. It was found that matched median survival 
was significantly higher using BITA grafting than single ITA (12.4 vs. 
11.8 years) [4]. Interestingly, at 10 and 15 years of follow-up, patients 

who underwent BITA grafting had superior survival as compared to the 
CABG using single ITA (61.1% vs. 58.3% and 37.7% vs. 34.9%). 

Similarly, Pevni et al. have shown in a retrospective analysis of 5301 
patients that BITA grafting was a predictor of better long-term survival 
in a matched cohort after CABG [11]. However, their study suffered 
from several limitations such as the lack of follow-up angiograms, lack of 
complete follow-up clinical data and a possible selection bias in patients 
undergoing BITA grafting [11]. The fact that patients with low risk for 
sternal wound infection were selected for BITA, along with ITA skel-
etonization and considerable experience of the surgical team with BITA 
grafting have contributed to the positive results of their study. While 
previous studies have shown that BITA grafting has a significant benefit 
in younger patients (<60 years) [17], it was demonstrated recently that 
BITA grafting can be safe and effective also for older patients (60–75 
years) [3]. In addition, it has been reported that BITA grafting may 
improve quality of life as well as more patient with BITA seem to be 
angina free [18]. 

Interestingly, in a small propensity-matched cohort of patients un-
dergoing CABG, Marzouk et al. have found that the use of a RITA graft in 
situ was associated with superior long-term survival when compared 
with the use as a free graft [19]. The authors have explained that the 
reasons for using RITA as a free graft were mostly inadequate length of 
the in-situ graft, ITA injury during harvesting and a decision to use a 
T-configuration. Whether the RITA graft should remain in situ or be used 
as a free graft remains controversial, and we agree with the authors that 
the optimal BITA configuration is a missing evidence that may be one of 
the reasons why no prospective study has been able to demonstrate the 
superiority of BITA grafting [20]. It is already established that biological 
characteristics of the free ITA are different to the in situ ITA graft [21]. 
The free ITA graft has a higher vulnerability to reperfusion injury and 
decreased nitric oxide protection compared with the in situ ITA graft 
[21]. In addition, Calafiore et al. have reported an inferior graft patency 
of a free-ITA anastomosed to the ascending aorta compared with the 
anastomosis with the contralateral ITA [22]. Furthermore, selecting an 
anatomically important target vessel for the second ITA may be one of 
the crucial steps that can be associated with better long-term survival 
[23]. 

2.2. Factors limiting the use of BITA 

Despite the fact that the RITA patency is proven to be better than the 
RA and saphenous vein grafts (SVG), there are several objections 
regarding use of the RITA [24]. The most common reason limiting wider 
use of BITA grafting include the lack of quality evidence and risk of poor 
sternal wound healing with deep sternal wound infection (DSWI) [3]. 
The use of the BITA as grafts compromises blood flow to the sternum and 
might increase the risk of sternal wound complications (3.5% BITA vs. 
1.9% single ITA) [12]. This has been observed particularly among pa-
tients with diabetes, obesity, chronic obstructive pulmonary disease 
(COPD) and elderly women [3,11,13,25]. Therefore, in BITA grafting it 
is recommended to harvest ITA with the skeletonization technique as it 
can cause less damage to the chest wall and preserve collateral blood 
flow to the sternum [11,26]. In addition, sternal wires should be placed 
as close as possible to the edge of the sternum [26]. Furthermore, blood 
sugar should be strictly controlled during the perioperative period in 
diabetic patients. Other useful measures such as proper skin preparation, 
topical antibiotic use on sternal edge and shorter cardiopulmonary 
bypass time can also help in reducing the risk of infection [27]. Inter-
estingly, risk of DSWI was not significantly increased when BITA graft-
ing was performed in highly experienced centers [16]. This is an 
important observation as it seems that more selective approach in 
choosing patients for BITA grafting could decrease the risk of DSWI 
while still offering potential survival benefit. 

Technical factors also limit wider use of BITA grafting. These include 
the increased complexity of procedure, anatomic configuration of cor-
onary targets and inadequate length of in situ RITA to reach the target 

Fig. 1. Limitations of arterial revascularization trial.  
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[19]. In addition, BITA technique is more time consuming while anas-
tomoses tend to be smaller and more delicate in comparison with SVG. 
Also, the ITA graft is a smaller conduit than SVG and may have a lower 
maximum blood flow. In rare cases, atherosclerotic disease of the right 
subclavian artery might diminish flow. Ease of harvesting and handling 
the RA are additional important factors that limit BITA use [28]. 

2.3. Recommendations on BITA grafting 

In our opinion, it is important to define subgroups of patients which 
could benefit from BITA grafting but without increased perioperative 
morbidity. It is already established that an additional arterial graft 
should be considered in appropriate patients [9]. BITA grafting should 
be considered the procedure of choice for patients undergoing CABG 
that have a predicted survival rate of more than 10 years, particularly in 
younger patients who stand to benefit the most. On the other hand, 
patients with obesity, diabetes mellitus, COPD or previous mediastinal 
radiation are all at risk of sternal complications and BITA grafting should 
be avoided [9]. In addition, elderly women or frail patients with oste-
oporosis, congestive heart failure, need for dialysis as well as long-term 
steroid use are subgroups in whom BITA grafting should be avoided due 
to potentially increased risk of perioperative complications (Table 1). 

3. Conclusions 

To date, the evidence strongly supports using the LITA as a conduit of 
choice for LAD anastomosis. A recent large, randomized trial (ART) did 
not conclusively demonstrate that BITA grafting provides additional 
benefit over the single ITA grafting in a 10-years study period. With the 
exception of DSWI, the overall incidence of postoperative complications 
evaluated in recent studies does not seem to be higher in patients 
receiving unilateral or bilateral ITA grafts. However, on the basis of 
findings in several previous studies [24,29], it does appear that patients 
who receive BITA grafting are more likely to have better long-term graft 
patency but ART was not able to confirm this observation. We believe 
that BITA grafting is not applicable for all patients, but extended use of 
the BITA is justified in patients of younger age and without comorbid-
ities (diabetes, obese, elderly women, COPD). Further prospective 
studies with long-term follow-up are still needed to investigate 
long-term patency following BITA grafting and to conclusively deter-
mine which subgroups of patients will benefit from this approach. 
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