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Introduction

Since the first series of left internal thoracic artery (LITA) 
grafts published by Konstantinov (1), the LITA has become the 
standard treatment for coronary artery bypass grafting (CABG). 
Barner reported the use of bilateral ITA (BITA) for coronary 
bypass almost 30 years ago, but was not widely accepted 
initially (2,3). Tector and others are credited with introducing 
composite arterial grafting using free ITAs, sequential grafts, 
T-grafts and combinations for the treatment of multi-vessel 
coronary artery disease (CAD) (4-7). Many observational 
studies have suggested that arterial grafting is superior to 
saphenous vein (SV) techniques, but at present, BITA or 
multiple arterial grafting have not proved popular for many 
reasons, mainly because of perceived technical complexity or 
fear of serious complications such as sternal infection. Few 
units have reported a BITA grafting rate greater than 10% (8). 

Survival after bilateral versus single internal thoracic artery 
(ITA) grafting is being assessed by the randomized controlled 
Arterial Revascularisation Trial (ART) of Taggart et al. (9).

Nonetheless, in patients with multi-vessel CAD, ongoing 
SV graft failures have led some surgeons to adopt a policy 
of extensive or total arterial revascularization using one or 
both internal mammary arteries and alternative conduits 
such as the radial artery (RA) (10) or right gastroepiploic 
arterial grafts (11). Arterial grafts have the advantage of 
durability and may have a protective effect by reducing the 
progression of native CAD in grafted vessels (12). Multiple 
arterial grafting may thereby improve survival in patients 
receiving total arterial revascularization. Beginning in 1995, 
total arterial revascularization has been the operation of 
choice in our unit for treatment of three-vessel CAD, with 
various iterations or graft configurations in use.
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Art of Operative Techniques
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Operative techniques

Conduit planning in patients with triple-vessel disease 
(TVD)

The success of a surgical procedure is related to careful 
assessment and planning. All patients should be considered 
for multiple arterial grafts. Although the BITA rate is about 
35% in our unit there are a number of recognized relative 
contraindications, including obesity (BMI >35), severe airways 
disease, diabetes, radiotherapy, or immunosuppression. 
Recent data suggest that the risks of the latter are markedly 
reduced by the use of skeletonization (13). The RA is our 
conduit of choice after the ITAs. Most patients with TVD 
require three major conduits; combined with ITA conduits, 
our choice is to use the RA rather than a SVG for the 
supplementary bypass grafts. There are contraindications 
to RA harvesting: 5% of patients have an abnormal ulnar 
collateral flow as judged by the Allen test (a return of blood 
to the ischemic hand in greater than 10 seconds after release 
of the ulnar pulse), while palpable or visible calcification 
during harvesting pose potential problems in the elderly. 
RA trauma following recent cardiac catheterization is 
a more recent concern, and limited data and anecdotal 
experience suggests these conduits should be avoided. 
Patients receiving or likely to receive dialysis may require 
the preservation of RAs for future fistulae as lack of vascular 
access remains a major cause of death in long-term dialysis 
patients.

Aside from the availability of conduits, other factors 
which may influence optimal planning are the severity of 
the target lesions and the decision to perform the procedure 
on- or off-pump. In lesions with less than 70% stenosis in 
the left circulation, and probably 90% in a dominant right 
coronary system, competitive flow is a risk factor for arterial 
graft failure, and lesser lesions may be more safely grafted 
with a SV or left untouched. Moderate right coronary 
lesions (40-69%) have a lower rate of progression than 
often assumed and may reasonably remain ungrafted (14). 
The use of off-pump techniques favors arterial conduits, 
given several reports of poorer SVG patency after off-
pump coronary artery bypass (OPCAB), and with anaortic 
OPCAB techniques being performed almost exclusively 
with multiple arterial grafts.

The management of isolated left main coronary artery 
stenosis presents an interesting problem. Should two grafts 
be used when the disease affects the origin or the body 
of the left main coronary artery where no stenosis exists 
between the major branches? Most surgeons graft the left 

anterior descending (LAD) and circumflex systems for 
treatment of bifurcation disease and more proximal lesions 
because of wide separation of the two territories. Will these 
grafts compete? Can this be balanced by equivalence of the 
grafts (bilateral in situ, ITAs), or by connecting the grafts as 
a Y-graft so that they arise from a single inflow as the LAD 
and circumflex do?

Graft harvest techniques

The ITAs are skeletonized and harvested extending from 
the inferior border of the subclavian vein distally to the 
bifurcation into the inferior epigastric and musculophrenic 
arteries. Extrapleural harvesting can be achieved with 
careful opening of the sternum and harvesting. This 
technique is beneficial in elderly patients and those with 
respiratory comorbidities by hastening recovery times. A 
disadvantage of protecting the pleural cavities is that it may 
restrict the access and ability to position the heart during 
OPCAB surgery.

RAs are removed by an open method with double 
clipping, cautery or ultrasound. Endoscopic radial harvesting 
is growing in popularity and non-randomized published data 
suggests this is a safe alternative. Pharmacologic dilatation 
is essential to prevent vasospasm in the perioperative 
period: glyceryl trinitrate, phosphodiesterase inhibitors 
or phenoxybenzamine may be employed, and each has its 
benefits.

Graft configurations

BITA grafting is desirable and forms the cornerstone of 
total arterial revascularization. The configuration for arterial 
grafting depends on a number of patient and anatomical 
variables. The greatest benefit may derive from grafting both 
ITA grafts to the left system, as is mandated in the largest 
randomized trial of single vs. bilateral ITA grafting.

Use of bilateral in situ ITAs can be achieved in a number 
of different ways. One of the simplest methods, and our 
preferred technique, is to attach the in situ LITA graft 
to the circumflex or intermediate system on the left side 
either singly, sequentially to two lateral wall targets, or 
using a short segment of radial artery as a Y graft for the 
latter. The RITA is later anastomosed to the appropriate 
section of the LAD coronary artery, with or without a Y 
graft of radial artery to a diagonal branch. The arterial 
reconstruction is completed by grafting the RA to a branch 
of the right coronary system (Figure 1). Prior to grafting, 
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the length of the right internal thoracic artery (RITA) is 
checked to ensure that it reaches the LAD target in a gentle 
curve above the aorta, and that it crosses the midline on 
the innominate vein behind the thymic fat, which provides 
safety for reoperation, as the RITA and LITA will be found 
close together as they enter the pericardium via a common 
slit.

An alternative technique is to anastomose the LITA to 
the LAD, and if required, to a diagonal branch using either 
a sequential or Y-graft technique. Sequential grafting is 
only satisfactory when the diagonal branch lies adjacent to 
the LAD, thus avoiding a large loop of LITA which may 
angulate and thus compromise the distal anastomosis. A 
better technique is to use a short segment of additional 
arterial graft in a Y configuration from the LITA to the 
diagonal branch. This is a more flexible solution, allows 
for any diagonal location, and permits the LITA to find 
its own lie more easily without kinking when the chest is 
closed. With this strategy, the in situ RITA may be passed 

through the transverse sinus and anastomosed to the 
marginal branch of the circumflex system with the potential 
for a Y graft of radial artery off this to a second marginal 
target. Occasionally the RITA may be more easily brought 
anteriorly across the midline—behind the thymus as in 
the above description—to reach an intermediate or very 
proximal marginal branch. The reconstruction is then 
completed with a RA graft to the posterior descending 
branch (Figure 2). This technique is popular with some 
surgeons although it is difficult to visualize the entire length 
of the artery and any bleeding sites as it passes through 
the transverse sinus to the left system, and the posteriorly 
placed RITA may be difficult to control at reoperation.

A third option is for the LITA to be grafted to the LAD 
and a RA graft to the circumflex system. The in situ RITA 
may be anastomosed to the main right coronary artery 
or to the terminal branches of the right coronary artery 
(RCA) using a graft extension technique. A RITA-RA graft 
extension may terminate in a single distal anastomosis 
or as a sequential graft with a side-to-side anastomosis 
to the posterior descending artery (PDA) and an end-to-
side anastomosis with the posterolateral branch (Figure 
3). In situ RITA grafts to the main RCA have suboptimal 
patency in both our experience and that of others, and this 
configuration, although technically simple and convenient, 

Figure 1 BITA grafts for triple vessel disease. RITA is grafted to the 
LAD coronary artery, while LITA passes laterally to the circumflex 
marginal branch. RA graft is sutured to the distal RCA. BITA, 
bilateral internal thoracic artery; LAD, left anterior descending 
artery; LITA, left internal thoracic artery; RA, radial artery; RCA, 
right coronary artery; RITA, right internal thoracic artery

Figure 2 LITA is grafted to the LAD. A short length of the RA 
is sutured to the in situ LAD as a Y-graft for the diagonal branch. 
RITA passes through the transverse sinus and is grafted to the 
second circumflex marginal branch
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is not widely preferred.
When BITAs are contraindicated, or in the very 

elderly, a total arterial reconstruction can be performed 
safely in almost all patients using the LITA to the LAD, 
supplemented by bilateral RA grafting to the circumflex 
system and to the RCA. This use of bilateral RAs is well 
tolerated in elderly patients in whom extensive SV graft 
disease is common. Avoiding the long SV avoids leg trauma 
and promotes early mobilization (Figure 4).

Management of extensive atheroma or calcification of 
the ascending thoracic aorta remains a challenge. Off-pump 
surgeons have pioneered the anaortic no-touch technique 
using single or bilateral ITA composite grafts (15-17) (Figure 
5). A popular technique involves grafting the in situ LITA 
to the LAD and joining the free RITA or RA as a Y graft to 
the LITA for distal sequential anastomoses to the branches 
of the circumflex and RCAs. This has been used successfully 
by several authors (18,19). There is a potential risk of failure 
in using a single inflow although this is believed to have 
adequate flow reserve. There is also the potential for a steal 
phenomenon as well as a reduction in patency of the distal 
LITA-LAD segment has been reported, which is regarded 
as a major concern by our group. When anaortic OPCAB 
is undertaken, we prefer to use bilateral in situ ITAs to graft 

Figure 3 LITA is grafted to the LAD, RA to the circumflex 
marginal coronary artery. The composite RITA and radial artery 
extension terminates in posterior descending and posterolateral 
sequential graft

Figure 5 Off-pump anaortic total arterial reconstruction using a 
composite RITA Y-graft arising from the LITA graft

Figure 4 Total arterial revascularization in an 80 year-old patient. 
A single in situ LITA is grafted to the LAD; bilateral RA grafts are 
sutured to the circumflex and RCAs
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the left circulation, with a RA as Y graft from the circumflex 
graft to reach around the lateral wall to the posterior 
descending artery. Alternatively we have used an RA graft 
to the PDA from the aorta using the ingenious Heartstring 
device (Maquet Getinge Group, San Jose, California, USA) 
for a clampless proximal anastomosis on the aorta. The use 
of three in situ arterial conduits by addition of the right 
gastroepiploic graft to the posterior descending coronary 
artery is another more technically demanding option (11,20) 
(Figure 6).

Composite grafting

Sequential grafting (Figure 7A,B), composite Y-grafts 
(Figure 8) and extension grafts (Figure 9) are ancillary 
procedures allowing additional target artery anastomoses 

by the efficient use of an arterial conduit. They minimize 
peripheral incisions for conduit harvesting and may even 
allow six distal anastomoses in diffuse disease. The LITA-
RITA Y-graft technique of Calafiore and Hwang allows 
complete revascularization based on two intra-thoracic 
conduits only (18,19) (Figure 10).

Comments

Arterial graft patency

Current patency data confirm that ITA grafts function into 
the third decade with freedom from failure in over 80%. 
Most of the later data relates to the widely recognized 
outstanding results from the LITAs. Tatoulis recently 
published results of a series of 991 right ITA grafts from 
5,766 patients. There was no significant difference between 
the RITA and the LITA when grafted to the LAD (96.5% 
vs. 94.5%) and similar patencies between RITAs and LITAs 
were found when grafted to the circumflex system (90.5% 
and 88.5% respectively). When grafted to the RCA, the in 
situ RITA results were less satisfactory, but arterial grafts 
were far superior to SVGs (21). These data support the 
belief that the RITA behaves in a similar way to the LITA 
and that more effort should be made by surgeons to explore 
the potential benefits of the RITA.

There are a large number of observational studies 
but few randomized trials comparing the RA with the 
SVG. The 5-year results of the Radial Artery Patency 
Study (RAPS) confirm a functional benefit of the RA in 
comparison to the SVG. The Radial Artery Patency and 
Clinical Outcomes (RAPCO) trial is a two-tiered 10-year 
biological comparison of the RA vs. the free RITA or the 
SVG. No significant differences were found in survival or 
patency between the groups at 5 years.

Two large studies of approximately 1,000 gastroepiploic 
artery (GEA) conduits have indicated 5-year patencies of 
62% and 86%. The GEA patency was similar to that of the 
SV (11,22). More recently, Suzuki reported that skeletonized 
GEAs had superior patencies to that of SVs (13).

Total arterial revascularization is achievable in most 
patients with three-vessel CAD (23). The major deterrent 
in this group of patients is the risk of sternal complications. 
This is found in patients with diabetes, obesity and 
pulmonary complications. With careful selection by 
avoiding these high-risk patients, complete arterial 
revascularization is readily achievable using skeletonized 
ITAs and yields good long-term results, even in patients 

Figure 6 The right gastroepiploic artery is passed anterior to the 
stomach through a window in the diaphragm to be anastomosed to 
the posterior descending coronary artery
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Figure 7 Sequential grafting. A. Longitudinal in-parallel side-to-side anastomosis between the LITA and RA or segment of RITA; B. 
Oblique and diamond-shaped anastomoses for sequential grafting when there is a short length of conduit available

Figure 8 Composite T- or Y-grafts. These angled composite grafts 
are commonly used on the left system to enhance the number of 
distal anastomoses

Figure 9 An oblique end-to-end anastomosis to minimize stricture. 
This technique is employed to provide extra RITA length for distal 
anastomoses on the right side

A B
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with reduced ventricular function (24).

Clinical outcomes after arterial grafting

Grafting both ITAs to the left coronary system is 
recommended by most surgeons. Recently, the location 
of the second ITA was suggested not to influence the 
outcome of coronary bypass grafting (25). In a propensity 
score-matched analysis, Ruttmann compared two groups: 
the bilateral ITA-SVG and the LITA-RA-SVG group. 
The incidence of perioperative major adverse cardiac and 
cerebrovascular events was significantly lower in the RITA 
compared to the RA groups (1.4% vs. 7.6%, P<0.001). They 
concluded that this study provided strong evidence for the 
superiority of a RITA graft in comparison to a RA graft as a 
second conduit in multiple arterial revascularization (26).

Higher risk patients

Patients with diabetes mellitus merit special consideration 
as they are at an increased risk of sternal complications 

from the use of extensive arterial grafting, particularly from 
BITA grafting. In this subset of patients the risk of sternal 
complications has increased from less than 1% to about 3% 
(27-29). A fear of sternal complications is the main cause 
of surgeons rejecting the use of the RITA during a diabetic 
arterial reconstruction. An alternative technique is using 
skeletonization of the graft pedicle to reduce trauma to the 
chest wall and minimize sternal infections (30). In addition, 
the combination of single ITA grafts with one or both RA 
conduits may also reduce chest wall complications.

Total arterial grafting is readily applicable in many very 
elderly patients. Meticulous harvesting of the ITAs and 
preservation of the integrity of the pleural cavities reduces 
postoperative morbidity, particularly pulmonary status, 
and lowers hospital costs (31). We had adopted a similar 
extrapleural technique combined with skeletonization of 
the ITAs in 2001, which produced similar results in elderly 
patients (Figure 11). Most surgeons who practice extensive 
arterial grafting restrict BITA usage in the eighth decade 
(32-34). Compared with SV harvesting, a single ITA graft to 
the LAD, combined with RA conduits, is a safer alternative 
with a higher degree of patient satisfaction.

There are situations that preclude both BITA use and 
RA harvesting. In these contexts, and in moderate coronary 
lesions which risk competitive flow, the use of the SV is 
mandated. However, for the majority of patients with 
diffuse multivessel disease who dominate surgical caseloads 

Figure 10 Complete arterial revascularization based on two 
composite internal thoracic artery conduits in a patient with 
extensive aortic calcification

Figure 11 A computed tomographic coronary angiogram at the 
level of the innominate vein of an extrapleural technique in an 
elderly patient. The upper end of the skeletonized RITA and LITA 
are seen extrapleurally passing obliquely to be attached to the LAD 
and the circumflex system. Note: The pleura remains intact and 
there is no pleural fluid
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in the post-percutaneous coronary intervention era, total 
arterial revascularization is achievable. This provides a 
durable and excellent clinical outcome with lower harvest 
site complications than from using the SV, as well as 
potential for lower progression of native vessel disease, 
higher graft patency and optimal long-term survival.
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