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Chapter 1 

CABG conduits and graft configuration 

David Glineur 

Coronary artery bypass graft (CABG) conduits 

Left internal thoracic artery (LITA) 

Anatomy 

The internal thoracic artery (ITA) supplies the anterior chest wall; it arises from the sub

clavian artery near its origin and travels downward inside the chest wall, approximately 

one centimeter from the edges of the sternum. It runs pos erior Ito the internal intercostal 

muscles, but anterior to the transverse muscles. The ITA divides into the musculophrenic 

artery and the superior epigastric artery around the sixfn ·ntercostal space. 

Histology 

The major characteristic of the LITA is the presenee of more elastic laminae com

pared to gastro-epiploic artery (GEA), inferio epigastric artery (IEA), or radial ar

tery (RA), which contain more smooth muscle cells in their walls and are therefore 

less elastic. 1 

Intima Both connective tiss- e ana smootn muscle are present in the intima, the border of 

which is delineated by the internal elastic membrane. The internal elastic membrane may 

not be conspicuous due to the abundance of elastic material in the tunica media. 

Media This is the thickest of the three layers. Smooth muscle cells are arranged in a spiral 

around the long axis of the vessel, and secrete elastin in the form of lamellae, which are 

fenestrated to facilitate diffusion. These lamellae, and the large size of the media, are the 

most striking histological features of elastic arteries. In addition to elastin, the smooth 

muscle cells of the media secrete reticular and fine collagen fibers and proteoglycans. No 

fibroblasts are present. 

Adventitia This is a relatively thin connective tissue layer. Fibroblasts are the predom

inant cell type, and many macrophages are also present. Collagen fibers predominate 

and elastic fibers (not lamellae) are also present. The collagen in the adventitia prevents 

elastic arteries from stretching beyond their physiological limits during systole. Blood 

vessels supplying the adventitia and outer media, known as the vasa vasorum, are also 

present. 
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Endothelium function

Endothelium acts as an antithrombotic barrier as well as a modulator of vascular tone and 
growth. For these reasons, it is believed to be the milestone of the graft long- term patency. In 
response to a variety of agonists, endothelial cells generate three major autacoids that regu-
late vascular relaxation and other endothelium- dependent vascular functions2: nitric oxide 
(NO), prostacyclin (PGI2), and endothelium- derived hyperpolarizing factor (EDHF).

Lüscher and colleagues3 studied endothelium- dependent relaxation in internal mam-
mary arteries, internal mammary veins, and saphenous veins. Vascular rings with and 
without endothelium were suspended in organ chambers, and isometric tension was re-
corded. Acetylcholine, thrombin, and adenosine diphosphate evoked potent endothelium- 
dependent relaxation in the mammary artery but weak responses in the saphenous vein. 
In the mammary artery, relaxation was greatest in response to acetylcholine, followed 
by thrombin and adenosine diphosphate. In the saphenous and mammary veins, relax-
ation was less than 25%. Relaxation was unaffected by indomethacin but was inhibited by 
methylene blue and hemoglobin, suggesting that endothelium- derived relaxing factor was 
the mediator. Endothelium- independent relaxation in response to sodium nitroprusside 
was similar in arteries and veins. Lüscher concluded that endothelium- dependent relax-
ation was greater in the mammary artery than in the saphenous vein.

The specificity of the ITA explains why it is less damaged by arteriosclerosis compared 
to other arteries, a phenomenon that has been studied with an ultrasonic system.4 This 
study revealed that the intima- media complex of the ITA is protected from the influence 
of arteriosclerosis, in comparison with the morphological changes found in the intima- 
media thickness of the common carotid artery. This demonstrated protective mechanism 
underlines the widespread use of the ITA as a CABG conduit.

In addition, β- adrenoceptor agonists do not induce a significant relaxation of the ITA, 
and the use of β- adrenoceptor antagonists do not lead to IMA vasospasm.5

Patency

Long- term LITA to the left anterior descending artery (LAD) patency is usually greater 
than 90% (range 83– 98% in historical studies)6– 27 (Table 1.1). Factors known to poten-
tially influence patency include the degree of preoperative proximal coronary stenosis, 
the time from CABG in non- LAD arteries, sex, date of surgery, target other than LAD, 
and smoking status.

Degree of coronary stenosis ITA graft patency decreased as proximal coronary stenosis 
decreased.28 These findings are consistent with the physiology of arterial grafts. ITAs are able 
to autoregulate size and blood flow in response to demand. As proximal coronary stenosis 
decreases, competitive flow increases, and demand for ITA graft flow falls. This cascade of 
events results in ITA constriction and, over time, increased risk of atrophy and occlusion.29– 32

Kawasuji and colleagues33 performed angiography one month after CABG in 100 pa-
tients with ITA to LAD grafts; all grafts were patent, but 15% (2/ 13) of those performed 
to coronary arteries with 50% or less stenosis were severely constricted. Seki and col-
leagues30 observed either severe constriction or occlusion in 9.5% (14/ 147) of ITA grafts 
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Table 1.1 Summary of different studies on LiTA patency

First author Year Studied/ 
Operated

Percent
studied

Interval Graft
patency (%)

Green6 1972 70/ 165 42 2 wk– 3 y 97

Kay7 1974 91/ 628 14 19.5 mo 98

barner8 1976 139/ 307 45 20 days 95

139/ 307 45 13 mo 90

Tector9 1976 43/ 275 15 9– 24 mo 95

Geha10 1979 175/ 208 82 2 wk 99

?/ 208 49 6 mo– 5 y 97

Tyras11 1980 527/ 765 69 1 mo 95

?/ 765 65 1 y 93

?/ 765 63 5 y 90

Lytle12 1980 46/ 100 46 20 mo 91

Tector13 1981 88/ 298 29 60– 108 mo 94.40

Singh14 1983 34/ nA 3– 12 y 94

Grondin15 1984 37/ 40 92 1 mo 97

32/ 40 80 1 y 88

20/ 40 50 10 y 84

Okies16 1984 259/ 4183 6 5 y, 10 y 83, 70

Lytle17 1985 140/ ? nA 5 y 97

Loop18 1986 855/ 2306 37 8.7 y 96

Zeff19 1988 37/ 39 92 8.9 y 95

ivert20 1988 91/ 99 92 2 wk 94

84/ 99 85 1 y 90

66/ 99 67 5y 89

Goldman21 1990 237/ 670 23 1 y 93

fiore22 1990 182/ 200 91 13 y 82

Galbut23 1990 53/ 947 6 2 mo– 15 y 92

boylan24 1994 57/ 100 57 <10 y, >10 y 93, 90

Goldman25 1994 167/ 1,031 25 3 y 90

fitzGibbon26 1996 456/ 476 96 6 mo 95

123/ 476 26 5 y 80

Gills27 1997 25/ 25 100 4– 6 h 96
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studied 16 days to 62 months after CABG. Two (14%) of these failed ITA grafts bypassed 
LADs with more than 50% stenosis, whereas 12 (86%) bypassed LADs with 50% or less 
proximal stenosis.

Target ITA patency is the most durable of grafts performed to the LAD, possibly be-
cause of the ease of anterior coronary arteries grafting, but also because the amount of 
myocardium supplied by the LAD is greater than that supplied by other coronary arteries, 
resulting in a larger blood flow demand. ITA grafts with greater blood flow demand are 
less likely to fail.34 In contrast, Glineur et al.35 could not find any significantly difference at 
6 months between the right internal thoracic artery (RITA) directed to the lateral wall of 
the heart versus the LITA to the LAD territory (Table 1.2).

Gender Because of their smaller size, women have smaller coronary arteries than men. 
Technical difficulties associated with grafting small arteries are one possible cause of the higher 
operative risk observed in women, and may also be responsible for lower graft patency.28

Risk factors Smoking is strongly associated with progression of coronary artery disease 
(CAD), and patients who continue to smoke after CABG have a higher risk of return of 
angina, myocardial infarction, and coronary reintervention.28 In addition, multivariable 
analysis revealed that a history of smoking decreased ITA graft diameter.6 These effects 
on both coronary arteries and ITA grafts probably account for the lower graft patency we 
observed in smokers.36

Right internal thoracic artery (RITA)

Anatomy, histology, endothelium function

There are no significant differences between the left ITA and right ITA in terms of anatomy, 
histology, and endothelial function.37 There were also no statistical differences between 
LITA and RITA concerning mean intimal diameter (1.52 ± 0.24 vs. 1.58 ± 0.28  mm, 
P <0.06), medial diameter (2.21 ± 0.27 vs. 2.52 ± 0.28 mm, P <0.15), or wall thickness 
(0.39 ± 0.12 vs. 0.41 ± 0.16  mm, P <0.47). The intimal diameters diminished signifi-
cantly from the origins (1.69 ± 0.34 and 1.86 ± 0.41 mm, respectively) to the  terminations 
(1.25 ± 0.26 and 1.14 ± 0.25 mm, respectively) of both vessels.

In order to determine whether endothelial function differs between left and right ITA 
segments in a Y- graft configuration, Glineur et al. studied 11 patients 3 years after sur-
gery.38 The endothelium- dependent vasodilator substance P was selectively infused (1.4 
up to 22.4 pmol/ min in doubling dose increments) in the ostium of ITA Y- grafts. A max-
imal endothelium- independent vasodilatory response was then obtained by intragraft 
infusion of 2 mg isosorbide dinitrate (ISDN).

A similar dose- dependent vasodilatory response to substance P was observed in the left 
and in the right ITA (Figure 1.1). No difference in maximal endothelium- dependent re-
sponse to substance P (7.4 ± 4.3% in left ITA and 8.1 ± 5.3% in right ITA) or in maximal 
endothelium- independent response to ISDN (12.2 ± 4.4% in left ITA and 10.6 ± 8.1% in 
right ITA) was observed. The endothelium- dependent and the endothelium- independent 
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