
Myocardial re-vascularization is one of the fundamental steps in the clinical
history of patients with coronary atherosclerotic disease. Solving the symp-
toms of angina, improving tolerance to effort, and a global gain in terms of re-
duced morbidity and mortality are the general goals that coronary re-vascular-
ization has tried to achieve since its beginning.

Pre-Operative CT Evaluation 

The surgical approach to coronary artery disease has evolved significantly
over the past several years, with corresponding improvement in the size of
the arterial conduits used for treatment (beside the classical left  internal
mammary artery, also the right internal mammary, radial, right gastro-epi-
ploic, and inferior epigastric arteries). There is more frequent use of arterial
conduits as opposed to grafts consisting of segments of the saphenous vein
(leading to better short- and long-term patency). Newer surgical techniques
have also been introduced, including off-pump surgery and minimally inva-
sive surgery-coronary artery bypass grafts (MID–CABG). The developments
in this field have led to increased interest in the use of newer imaging proce-
dures, before and after graft placement. Radiologists are required to evaluate
the course and patency of arterial conduits in order to better plan the surgical
approach (Fig. 11.1). At the same time, the potential presence of a major tho-
racic deformity can be evaluated by CT. Other pre-operative questions of
surgeons that can be successfully addressed by CT include definition of the
quality, and caliber of the coronary artery site where the distal anastomosis
will be placed and whether there is bridging of a segment of the coronary ar-
tery, which may prevent placement of a distal anastomosis, if a mini-invasive
approach is planned (Fig. 11.2).
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Post-Operative Evaluation of CABG

The goals of postoperative evaluation of CABG are two-fold: (1) to evaluate
and monitor graft patency and (2) to identify the possible progression of ath-
erosclerotic disease in native vessels. Either factor may account for the recur-
rence of ischemic myocardial symptoms.

As noted above, the long-term patency of arterial grafts is better (patency
of internal mammary arterial grafts: 85–90% at 10 years) than that of venous
bypass grafts (75–80% at 5 years, 61% at 10 years, 50% at 15 years, with a
yearly obstruction rate of 2% between the first and sixth year and 4–5% per
year in the following years). Venous-graft pathologies account for 53% of
angina symptoms occurring within the first 5 years following surgery, 76% of
the episodes occurring between 5 and 10 years post-operatively, and 92% of
those after more than 10 years. In the same time frame, atherosclerotic pro-
gression in native vessels accounts for 47, 24, and 8% of ischemic events, re-
spectively.
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Fig. 11.1. MIP reconstruction of the left in-
ternal mammary artery

Fig. 11.2. Short-axis reconstruction of the
left ventricle. Intramyocardial course of the
left anterior descending artery (bridging)
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Before the introduction of coronary CT angiography (CTA), the post-oper-
ative non-invasive evaluation of these patients was performed by the tread-
mill test, echocardiography, or nuclear medicine procedures (the latter two ac-
companied by pharmacologic or ergometric stress tests), as for the evaluation
of native arteries. Treadmill testing with ECG is considered to be the first lev-
el of evaluation, although the sensitivity and specificity are much lower than
achieved with second-level tests.

Catheter coronary angiography remains the gold standard in the evaluation
of the degree of patency of bypass grafts and for the proper choice of re-
 vascularization procedures. However, it is an invasive procedure, carries sev-
eral risks and is therefore used only in patients with strongly positive second-
level stress tests (anomalies of regional parietal motility as seen on echo -
cardiography, or perfusion deficit areas visualized by nuclear medicine proce-
dures). In patients with graft pathology, a decision must be taken regarding
the proper further therapeutic approach, either an interventional procedure or
a new surgical procedure. The choice, according to the ACC/AHA 2001–2002
guidelines, depends on the location and extent of the disease: stenting of areas
involved by new atherosclerotic burden is recommended first, while new sur-
gical procedures are reserved for patients with multiple stenosis and multi-
vessel disease, with reduced ventricular function.

CT Evaluation of CABG: Technique

The technique to be used for the evaluation of CABG is similar to that used to
evaluate of native vessels. Beta-blockers are administered to reduce cardiac
beats per minute (bpm), as discussed elsewhere in this volume. However, care
needs to be taken to widen the cranial aspect of the anatomic area that will 
be evaluated during coronary opacification with contrast agent. The upper
limit of the examination volume has to reach and include the subclavian
 arteries in order to allow a complete and detailed evaluation of the mammary
arteries beginning at their origin. In patients with arterial bypass in which the
right gastro-epiploic artery was used, the imaging volume must include the
upper abdomen.

Since the acquisition volume is larger than that obtained in the evaluation
of native coronary arteries, a larger imaging window (time) is needed. The in-
flow of contrast agent in the coronary arteries during image acquisition must
be continuous and therefore requires a “longer“ bolus, either with a larger
amount of contrast agent (20–150 ml) or a reduced flow of the injection 
(3–4 rather than the suggested 5–8 ml per second).

CT Evaluation of CABG: Results

Since its appearance, coronary CTA has been considered a reliable technique.
There are technical reasons for the improved imaging of bypass grafts and the
fewer artifacts seen on the images: the larger caliber of the arterial and venous
conduits vs. that of native arteries, and the frequently extracardiac course of
the grafts. Early studies, in which CT with four detector rows had been used,
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reported sensitivity and specificity values of 90 and 75–85%, respectively, for
the definition of stenosis. With newer equipment, the sensitivity in the diag-
nosis of CABG occlusion is 100% and in the evaluation of stenosis, over 96%
(Figs. 11.3, 11.4).

Nonetheless, there are limits in the evaluation of CABG, such as in pa-
tients with arrhythmia and when surgical clips create significant beam-hard-
ening artifacts (Fig. 11.5). However, in most cases, very high-quality images
are obtained and important therapeutic decisions based directly on these
 images can be made, thus limiting the use of catheter coronary angiography 
to more complex cases, interventional procedures, or in the immediate pre-
operative phase, in patients in whom a new re-vascularization procedure is
planned.
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Fig. 11.3 a-d. Examples of CABG evaluated using volume rendering technique
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Fig. 11.5. Axial CT image: presence of significant
metallic artifacts related to surgical clips

Fig. 11.4 a, b. Patency of the arterial bypass between left internal mammary artery and the left anterior
descending artery (a). Also the two venous bypasses to the first diagonal branch (a) and the right coronary
artery (b) are patent and well-evident
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