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Background. Multidetector computed tomography has
been shown to be useful in the evaluation of coronary
artery bypass grafts in previous studies. We studied the
accuracy of multidetector computed tomography in the
detection of patency and significant stenosis of both
grafts and native postanastomotic coronary arteries.

Methods. Ninety-six patients with 216 grafts (98 left
mammary artery, 8 right mammary artery, 8 radial artery,
and 102 venous grafts) were investigated by 16-slice
computed tomography. Native postanastomotic coronary
arteries were also evaluated. Patients unable to maintain
a breath hold of 40 s were excluded. Computed tomog-
raphy data were compared with the results of conven-
tional angiography.

Results. On a segment-based model, the overall feasi-
bility of computed tomography was 98.1% (212 of 216
grafts) for bypass grafts and 93.1% (201 of 216 segments)
for postanastomotic coronary arteries. The leading cause
of unfeasibility for postanastomotic coronary arteries
was the small diameter of the examined vessel (<1.5 mm).
Computed tomography correctly diagnosed all the 25

Invasive coronary angiography (ICA) is currently the
standard diagnostic method for imaging coronary
arteries and coronary artery bypass grafts (CABG). The
risk of adverse events is small but serious, and poten-
tially life-threatening sequelae may occur, including
arrhythmia, stroke, coronary artery dissection, and
access site bleeding, with a total complication rate of
1.8% and a mortality rate of 0.1% [1, 2]. Furthermore,
catheterization induces some discomfort for patients,
mandates routine follow-up care, and is an expensive
procedure. This situation constitutes the basis of the
demand for a reliable noninvasive coronary imaging
technique [3].

Arterial and venous conduits may be considered as the
ideal vessels for evaluation by multidetector computed
tomography (MDCT) because of their relative spatial
fixation, their large diameter, and their low incidence of
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occluded grafts. Of the 33 significant stenoses of grafts,
computed tomography correctly diagnosed 31. Sensitiv-
ity, specificity, positive predictive value, and negative
predictive value were 100%, 98.5%, 96.5%, and 100%,
respectively, for bypass graft; and 100%, 97.7%, 85%, and
100%, respectively, for coronary arteries. On a patient-
based model, the feasibility, sensitivity, specificity, pos-
itive predictive value, and negative predictive value were
89.4% (86 of 96 patients), 100%, 93%, 86.4%, and 100%,
respectively.

Conclusions. Multidetector computed tomography al-
lows a very accurate assessment of arterial and venous
conduits and of postanastomotic native coronary arteries
in patients with previous bypass graft. Despite high
feasibility (93.1%), limitations of the method were
breath-hold duration (35 to 40 s) and postanastomotic
assessment of small vessels (which, however, precluded
the analysis in only 4.6% of cases).

(Ann Thorac Surg 2007;83:1672—8)
© 2007 by The Society of Thoracic Surgeons

massive calcification that is considered, together with
high heart rate, to be a negative predictive factor for
assessability of the examination [4-8]. For these reasons,
evaluation of CABG with computed tomography was first
reported in 1980, despite the severely limited feasibility
and accuracy of the method owing to the presence of
cardiac and respiratory artifacts [9, 10]. The availability of
the first four-detector-row MDCT in the 1990s enabled
electrocardiographic-gated reconstruction of images,
with adequate detection of significant stenosis in the
venous and arterial grafts, despite the limitation of low
spatial and temporal resolution [11, 12]. The latest gen-
eration of MDCT devices permits proper reconstruction
of bypass grafts and the coronary artery tree. Indeed,
many studies with at least 16-row MDCT have demon-
strated good diagnostic accuracy for the detection of
significant stenosis in assessable bypass grafts, with very
high diagnostic accuracy (sensitivity between 96% and
99%, specificity between 95% and 100%) [13-20]. There-
fore, MDCT could be proposed as a noninvasive test for
the follow-up of CABG patency. On the other hand, the
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feasibility and the diagnostic accuracy of MDCT in simul-
taneous evaluation of bypass graft and native postanas-
tomotic coronary arteries are unknown. The importance
of this complete evaluation is high because, although late
survival after CABG surgery is largely dependent on
graft patency, the role of native postanastomotic coronary
arteries is not negligible [21].

The aim of our study was to evaluate the feasibility and
diagnostic accuracy of MDCT compared with traditional
ICA in the simultaneous evaluation of bypass graft and
native postanastomotic coronary arteries in a large pop-
ulation of patients with previous CABG.

Material and Methods

Study Population

One hundred and thirty-two consecutive patients (101
male, mean age 63 * 7 years) with 216 grafts (96 left
mammary artery grafts, 8 right mammary artery grafts, 8
radial artery grafts, 2 gastroepiploic artery grafts, and 102
venous grafts), referred for ICA because of suspected
progression of coronary artery disease (chest pain, posi-
tive exercise stress test), were prospectively screened to
undergo 16-slice MDCT (GE Medical Systems Light
Speed Pro 16, Waukesha, WI), collimation 16 mm X 0.625
mm. Thirty-six patients unable to maintain a breath-hold
of 40 s were excluded. Therefore, 96 patients were in-
cluded in the study. Invasive coronary angiography was
performed in all the enrolled patients 6 + 2 days after
MDCT. The mean time between previous CABG and
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MDCT investigation was 72 * 42 months (range, 22 to
134, median 61.5). All patients gave informed consent to
participate in this study, which was approved by the
Institutional Review Board of Centro Cardiologico
Monzino IRCCS.

Patient Preparation

Each patient with a heart rate of 65 beats per minute or
higher was treated with single or multiple intravenous
doses of metoprolol about 15 minutes before the scan (49
patients = 51%, average dose 6.3 * 1.5 mg), obtaining a
mean heart rate of 61.3 * 8.8 beats per minute.

Scan Protocol and Image Reconstruction

Multidetector computed tomography data were acquired
using 16-slice CT with 16 mm X 0.625 mm collimation
and a gantry rotation time of 400 ms. According to the
electrocardiographic-pulsing technique, the tube current
was modulated with a maximum current of 600 mA
during a period between 40% and 80% of the R-wave to
R-wave interval and a reduction by 80% during the
remaining cardiac cycle. A tube voltage of 120 to 140 Kv
was applied according to the patient’s body weight.
During the scan, a variable dose of contrast agent
(Iomeron 400 mg/mL; Bracco, Italy), average dose 110 mL *
11 mL, was injected intravenously at a rate of 4.5 mL/s.
The MDCT scan was acquired by the fluoroscopic bolus
tracking technique during breath holding (36 = 5 s), and
evaluated by two independent expert readers with mul-
tiple approaches including volume rendering, multipla-

Fig 1. Examples of different causes of artifacts in
coronary artery bypass graft evaluation. (A and
B) Volume rendering reconstruction (1A) and
multiplanar reconstruction (1B) of left internal
mammary artery (LIMA) anastomosed on middle
segment of left anterior descending artery (LAD):
three closely spaced metallic clips on distal
portion of LIMA (arrow). (C and D) Volume
rendering reconstruction of saphenous vein
graft (SVG) anastomosed on the distal right
coronary artery (RCA) with magnetic device
(arrow). (DP = posterior descending artery;
LCX = left circumflex artery; M1 = first mar-
ginal branch.)
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Table 1. Multidetector Computed Tomography Feasibility of
Bypass Graft Imaging

Number Number

of of Type of
Type of Graft  Grafts Artifacts Artifact Feasibility
Right IMA 8 0 100%
Left IMA 96 3 metallic clip 98.4%
Radial artery 8 0 100%
Gastroepiploic 2 0 100%
artery

Vein graft 102 1 magnetic clip 99.1%
Total 216 4 98.1%

IMA = internal mammary artery.

nar reconstruction, and vessel analysis (CardioQ3 pack-
age; GE Medical Systems). On the basis of the “segment
or burst reconstruction” algorithm, the temporal resolu-
tions were, respectively, 200 and 100 ms.

MDCT Image Evaluation

The patency of all arterial and venous grafts was evalu-
ated. Native distal postanastomotic coronary arteries
including seven different coronary segments (distal left
anterior descending, first and second diagonal branches,
first and second marginal branches, distal right coronary
artery, and posterior descending artery) of the 15-
segment model of the American Heart Association [21]
were also evaluated. The quality of images, judged on the
basis of the absence of artifacts and on the possibility of
correctly evaluating the vessel canalization (patency,
presence of stenosis, occlusion) on the reconstructed
image was graded as follows: good (absence of artifacts,
possibility of correctly evaluating the vessel canalization);
sufficient (presence of mild artifacts, possibility of evalu-
ating the vessel canalization); or insufficient (presence of
large artifacts, no possibility of evaluating the vessel
canalization, cause of unfeasibility). Segments in which
poor image quality did not allow evaluation of patency
were classified as not assessable by two independent,
blinded observers who also evaluated coronary grafts
and native coronary segments for the presence of signif-
icant narrowing (=50% diameter reduction). In case of
disagreement among the two expert readers concerning
the quality of images or the presence and severity of
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coronary artery disease, a consensus and final decision
was obtained by involving a third expert.

Using a fixed image display setting (window 700
Hounsfield units, level 250 Hounsfield units), the image
that displayed maximum luminal narrowing was identi-
fied by visual estimation and the outer vessel contour
(border to low-signal epicardial fat) was manually local-
ized to measure the vessel diameter. Similarly, the vessel
diameter was determined in a reference segment without
detectable plaque proximal to and as close as possible to
the respective lesion. The causes of impaired image
quality (unfeasibility) of native coronary artery imaging
were classified as presence of massive calcified plaque,
small diameter of the examined vessel (<1.5 mm), motion
artifacts related to nonrespect of breath-hold or chest
movement, misalignment of slices related to changes in
heart rate during the scan, and presence of cardioverter/
pacemaker leads. In detail, the artifact due to calcified
plaque was defined as a large high-density lesion, ex-
tending along the wall, causing partial volume and
beam-hardening artifacts; misalignments were defined
as impairment of image quality caused by displacement
of different vessel portions, resulting in out-of-phase
vessel contours. The causes of impaired image quality
(unfeasibility) of bypass graft imaging were classified as
misalignment of slices related to changes in heart rate
during the scan, motion artifacts related to nonrespect of
breath-hold or chest movement, and artifacts due to
surgical causes (metallic clips). Figure 1 shows some
examples of these artifacts.

Invasive Coronary Angiography

Conventional ICA was performed with standard tech-
niques using 6F catheters and after intracoronary injec-
tion of 0.2 mg of isosorbide dinitrate. The coronary
arteries were divided into segments according to the
American Heart Association classification used for
MDTC analysis [15]. The angiograms were analyzed by
two interventional cardiologists blinded to MDCT results
using quantitative coronary angiography software
(QuantCor QCA; Pie Medical Imaging, Maastricht, the
Netherlands) and end-diastolic frames. The severity of
coronary stenosis was quantified in two orthogonal
views, and a stenosis was classified as significant if the
lumen diameter reduction was greater than 50%.

Table 2. Multidetector Computed Tomography Evaluation of CABG Patency

Type of Graft

Location of Stenoses

Number of Grafts Patency Occlusion Stenosis > 50% Body Proximal Body Middle Anastomosis

Right IMA 8 6 2
Left IMA 96 86 7
Radial artery 8 4 4
Gastroepiploic artery 2 2 0
Vein graft 102 60 12
Total 216 158 25

0 0 0 0
3 0 0 3
0 0 0 0
0 0 0 0
30 22 6 2
33 22 6 5

CABG = coronary artery bypass graft;

IMA = internal mammary artery.
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Table 3. Multidetector Computed Tomography Diagnostic
Accuracy in Evaluating All CABG and Native Postanastomotic
Coronary Arteries

Native Coronary

CABG Arteries

Sensitivity 100% 100%
Specificity 98.5% (96.7-100%)*  97.7% (95.5-99.9%)*
Positive predictive 96.5% (92.8-100%)* 85 (70.1-99.9%)?

value
Negative predictive 100% 100%

value
True positive 56 19
True negative 158 179
False positive 2 3
False negative 0 0
Area under ROC 0.994 0.995

295% Confidence interval.

CABG = coronary artery bypass graft;
characteristic curves.

ROC = receiver operating

Statistical Analysis

Statistical analysis was performed using a statistical soft-
ware package (SPSS 13.0 for Windows; SPPS, Chicago,
Illinois). All variables were expressed as mean * SD. The
feasibility of the MDCT scan was measured. An estima-
tion of accuracy (sensitivity, specificity, positive predic-
tive value, and negative predictive value) was also calcu-
lated on a segment-based and on a patient-based model
(on a patient based-analysis, patients with at least one
detected stenosis greater than 50% in a CABG or a native
postanastomotic coronary arteries were classified as
“positive”). The 95% confidence intervals (CI) for all
diagnostic accuracy parameters were calculated using a
conventional binomial estimator method. In a segment-
based model, data were also presented as receiver-
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operating characteristic curves, and the areas under
curves were reported for a quantitative coronary angiog-
raphy cut-off value of 50%. Quantitative coronary angiog-
raphy was used as the “gold standard.” Moreover quan-
titative lesion severity (percentage of stenosis) was
compared between MDCT and quantitative coronary
angiography using Spearman correlation.

Results

Feasibility

All patients underwent a complete MDCT scan without
complications. On a patient-based model, the overall
feasibility was 89.4% (86 of 96 patients). On a segment-
based model, the overall feasibility of MDCT was 98.1%
(212 of 216 grafts) for CABG and 93.1% (201 of 216
segments) for native postanastomotic coronary arteries.
The quality of images on a segment-based model was
good in 195 cases (90.3%), sufficient in 17 cases (7.8%),
and insufficient in 4 cases (1.9%) for CABG; and good in
170 cases (78.7%), sufficient in 31 cases (14.3%), and
insufficient in 15 cases (6.9%) for native coronary arteries.
Table 1 reports feasibility for the different types of graft
and overall feasibility for the postanastomotic coronary
arteries.

We judged only four of 216 graft cases not assessable,
and all four artifacts were due to surgical technique:
three internal mammary artery grafts with particularly
long and closely spaced metallic clips and one saphenous
vein graft because of anastomosis with a new-generation
magnetic device (Fig 1). The leading cause of unfeasibil-
ity in postanastomotic coronary arteries was the small
diameter of the examined vessel (<1.5 mm, 10 artifacts),
followed by misalignment of slices related to variation of
heart rate during the scan (three artifacts), and presence
of massive calcified plaque (two artifacts).

Table 4. Multidetector Computed Tomography Diagnostic Accuracy for Different Types of CABG and for Different Segments

of Postanastomotic Coronary Arteries

Type of Graft Sensitivity Specificity Positive Predictive Value Negative Predictive Value
Right IMA 100% 100% 100% 100%
Left IMA 100% 100% 100% 100%
Radial artery 100% 100% 100% 100%
Gastroepoploic artery 100% 100% 100% 100%
Vein graft 100% 96.8% (92.4-100%)? 95.2% (92.9-100%)? 100%
Coronary segment
Distal LAD 100% 100% 100% 100%
D1 100% 92.3% (78.3-100%)? 75% (32.6-100%)? 100%
D2 100% 100% 100% 100%
M1 100% 95.8% (87.8-100%)* 50% (0-100%)* 100%
M2 100% 100% 100% 100%
Distal RCA 100% 94.4% (83.8-100%)* 87.5% (64.6-100%)* 100%
PD 100% 100% 100% 100%

295% Confidence interval.

CABG = coronary artery bypass graft; D1 = first diagonal;
descending artery; M1 = first marginal; M2 = second marginal;

D2 = second diagonal;
PD = posterior descending;

IMA = internal mammary artery; LAD = left anterior
RCA = right coronary artery.
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Diagnostic Accuracy

Table 2 reports the results of MDCT evaluation of CABG
patency. Table 3 (segment-based model) shows the
numbers of true positive, true negative, false positive,
false negative, sensitivity, specificity, positive predictive
value, negative predictive value, and the area under
receiver-operating characteristic curves for all CABG and
postanastomotic coronary arteries. Table 4 shows sensi-
tivity, specificity, positive predictive value, and negative
predictive value for different types of CABG and for
seven different segments of postanastomotic coronary
arteries. Overall, sensitivity and negative predictive
value were 100% for both CABG and postanastomotic
artery evaluation. On a patient-based model, the sensi-
tivity, specificity, positive predictive value, and negative
predictive value were 100%, 93%, 86.4%, and 100%,
respectively.

Multidetector computed tomography correctly diag-
nosed all 25 grafts shown to be occluded by ICA. All 31
significant stenoses of grafts shown by ICA were cor-
rectly diagnosed by MDCT, with 2 cases of mild disparity
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in terms of the severity of the lesion (slight overestima-
tion by MDCT) observed in two segments of venous
grafts (classified as false positives). In 2 patients, MDCT
was in perfect correspondence with a second ICA, after a
previous ICA had shown different data versus MDCT. In
1 case, the first ICA (performed in a patient with acute
myocardial infarction) showed ostial occlusion of one
venous graft, not subsequently confirmed by MDCT
(showing patency of the graft); and in the other case, the
first ICA, performed on a patient with unstable angina,
judged as not recognizable a venous graft with anasto-
mosis on the left marginal branch; in that case, MDCT
showed a subocclusive stenosis of the ostial segment of
the venous graft. In both cases, the second ICAs were
performed after MDCT because of the very high quality
of CT imaging, leading to unequivocal CT diagnosis. On
the basis of these results, 18 patients (56% of patients
with stenosis greater than 50% on grafts or postanasto-
motic coronary arteries) underwent percutaneous coro-
nary intervention (in 17 cases on grafts, in 1 case on
native coronary arteries), without complications.

Fig 2. Examples of two cases showing head-to-head comparison of multidetector computed tomograhy (MDCT) and invasive coronary
angiography in the evaluation of severe coronary artery bypass graft stenoses. (A) Multidetector computed tomography volume rendering
reconstruction, (B) MDCT multiplanar reconstruction, and (C) coronary angiography in a case of severe stenoses (arrows) of saphenous
vein graft (SVG), characterized by a calcified plaque proximally and a soft plaque distally. (D) Multidetector computed tomography vol-
ume rendering reconstruction, (E) MDCT multiplanar reconstruction, and (F) coronary angiography in a case of severe SVG stenoses
(arrows). Multidetector computed tomography allows a very precise characterization of plaque morphology of the two stenotic segments.

(PD = posterior descending artery.)
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Figure 2 shows examples of cases in which MDCT
correctly diagnosed graft pathologies (confirmed at ICA).
Mean values of CABG significant stenosis (>50%) at
MDCT were 83.2% * 16.6%, with a very good correlation
with ICA evaluation (80.5% = 18.1%, r = 0.82, p < 0.001).
Mean values of postanastomotic coronary artery signifi-
cant stenosis (>50%) at MDCT were 76.2% =+ 13.6%, with
a high correlation with ICA evaluation (71.2% * 15.1%,
r = 0.77, p < 0.001).

Comment

This prospective study compared the feasibility and
accuracy of high-resolution submillimeter MDCT and
conventional ICA for the detection of patency and signif-
icant stenosis of arterial and venous grafts and native
distal postanastomotic coronary arteries in consecutive
patients with previous CABG. The main finding of this
study is that MDCT is a feasible and accurate method for
the detection of patency and significant stenosis (more
than 50% decrease in diameter), not only of arterial and
venous grafts (as demonstrated in previous studies) but
also of distal postanastomotic coronary arteries.

The overall feasibility of complete evaluation of bypass
graft patency in our population is very high (98.1%). Only
4 of 216 cases were judged not assessable, and all four
artifacts were due to surgical causes: three IMA grafts
were not assessable owing to the presence of metallic
clips (metallic clips do not usually cause problems in the
correct evaluation of MDCT, but in these 3 cases, they
were particularly long and closely spaced), and one
saphenous vein graft was not assessable as the anasto-
mosis was performed with a new-generation magnetic
device. The 98.1% feasibility could be even higher, be-
cause although four grafts were classified as not assess-
able, the artifacts involved only a small portion, localized
in the body of the graft in the IMA and on the anasto-
motic site in the saphenous vein. Multidetector com-
puted tomography correctly diagnosed all 24 grafts
shown as occluded by ICA.

The diagnostic accuracy of CABG evaluation was very
high (sensitivity 100%, specificity 98.5%), in agreement
with previous reports [13-20]. Indeed, all 31 significant
stenoses of grafts shown by ICA were correctly diag-
nosed by MDCT, with two cases of mild disparity in
terms of the severity of the lesion observed in two
segments of venous grafts. The overall feasibility of
evaluation of native postanastomotic coronary arteries
was high (93.1%, 201 of 216 segments), despite the small
diameter of evaluated vessels, which is the leading cause
of unfeasibility (10 segments with a diameter less than
1.5 mm). The diagnostic accuracy of native postanasto-
motic artery evaluation was also very high (sensitivity
100%, specificity 97.7%). These findings are in agreement
with the very high diagnostic accuracy of MDCT coro-
nary angiography (particularly in terms of sensitivity and
negative predictive value) in vessels with a low or mod-
erate risk for coronary artery disease [22, 23], as in the
case of the distal portion of coronary arteries [24].

ANDREINI ET AL 1677
CT ASSESSMENT OF BYPASS GRAFT PATENCY

Clinical Implications

The appeal of MDCT compared with ICA is that it is
rapid and noninvasive, thus avoiding catheter-associated
risk and, in the subset of patients with previous CABG,
the problems and risks related to selective graft catheter-
ization such as spontaneous or catheterization-related
left IMA dissection, a not unusual occurrence, even in the
absence of atherosclerotic plaque [25], particularly in
segments treated with free-graft technique and in pa-
tients with acute coronary syndrome. During acute cor-
onary syndrome, and especially in cases of complex
previous coronary revascularization or cases for which
historic data concerning the type and site of previous
CABG are lacking, preliminary evaluation of the graft by
MDCT enables easy determination of graft patency and
the presence of significant stenosis and avoids diagnostic
mistakes related to the difficult localization and selective
catheterization of the graft. Our data suggest that MDCT,
thanks to its very high negative predictive value, may
eliminate the need for invasive coronary procedures in
the presence of normal coronary imaging. In the case of
graft occlusion or significant stenosis, ICA may be more
correctly indicated and an oriented percutaneous coro-
nary intervention performed.

Study Limitations

There are some limitations to the present study. We
included only patients able to maintain a breath hold of
40 s, because of the long duration of acquisition of CABG
and postanastomotic coronary arteries with 16-slice
MDCT. For this reason, many patients, especially older
patients and patients with chronic obstructive pulmonary
disease (mean age in our study was 61 * 7 years), were
excluded. Moreover, the spatial resolution of devices
currently available (16 mm X 0.625 mm or 64 mm X
0.625 mm collimation) sometimes allows only a partial
evaluation of distal coronary artery segments because of
the small diameter of the examined vessel, which repre-
sents the leading cause of unfeasibility of postanasto-
motic coronary artery assessment in our study.

Future Directions

Sixty-four-row CT devices, available since 2005 and con-
sidered the gold standard, are able to greatly reduce the
time required for data acquisition and thus the duration
of breath holding. That allows a complete evaluation of
grafts and postanastomotic coronary arteries in a larger
cohort of patients. The further development of a new
generation of scanners now under way (cardiac freeze-
frame technique, dual-source CT, flat-panel CT), with
further improved temporal resolution and the ability to
acquire slices with a gantry rotation time of about 100 ms,
abolishes the problem of breath holding and further
reduces motion artifacts and artifacts related to varia-
tions of heart rate during the scan. Therefore, we may
postulate that with these new devices, our conclusions
could be further reinforced. Finally, thanks to the large
reduction of X-ray dose with the new devices, the fol-
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low-up of patients with previous CABG could be made
truly effective.

In conclusion, high-resolution submillimeter MDCT

allows very accurate assessment of arterial and venous
conduits and native postanastomotic arteries in patients
with previous CABG. Despite its very high feasibility also
for evaluating postanastomotic arteries (93.1%), the lim-
itations of the method were breath-hold duration (35 to
40 s) and postanastomotic assessment of small vessels
(which, however, precluded analysis in only 4.6% of cases).
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