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Introduction and objectives. Although it has been
demonstrated that the diagnostic accuracy of computed
tomography in the non-invasive assessment of major epi-
cardial coronary arteries is high, only a few studies have
evaluated the technique’s reliability in assessing coronary
artery bypass grafts. The aim of this study was to deter-
mine the diagnostic accuracy of multidetector computed
tomography in the assessment of coronary grafts.

Patients and method. We prospectively evaluated 117
coronary grafts in 38 patients who had undergone coro-
nary artery bypass graft surgery and who had a clinical in-
dication for angiographic graft assessment. All patients
were in sinus rhythm and had a heart rate below 75 bpm.
A 16-detector scanner was used for non-invasive assess-
ment of the coronary grafts at a slice thickness of 1.2 mm.
The diagnostic accuracy of computed tomography in the
non-invasive assessment of significant lesions (i.e., oc-
cluded lesions or those with a stenosis greater than 50%)
in coronary artery bypass grafts was evaluated by com-
parison with the results of conventional angiography.

Results. Of the 117 grafts evaluated, 99 (84.6%) were
visualized by conventional angiography and 109 (93.2%)
by computed tomography. Overall, 98 grafts were ana-
lyzed using both techniques. The sensitivity and specifici-
ty of computed tomography in detecting significant lesions
were: 92% and 97.3%, respectively, for all grafts; 89.5%
and 97.6%, respectively, for venous grafts; and 100% and
96.8%, respectively, for arterial grafts.

Conclusions. The diagnostic accuracy of multidetector
computed tomography in coronary artery bypass graft as-
sessment was high.
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Valoracidn no invasiva de injertos coronarios
con tomografia computarizada: comparacion
con la angiografia convencional

Introduccidn y objetivos. Aunque la tomografia com-
putarizada (TC) muestra una elevada exactitud diagnosti-
ca en la valoracion no invasiva de las arterias coronarias
principales, son todavia escasos los trabajos que valoren
su fiabilidad en el estudio de los injertos coronarios. El
objetivo de este estudio es determinar la exactitud diag-
néstica de la TC con detectores multiples en la valoracion
de los injertos coronarios.

Pacientes y método. Se evalué de manera prospecti-
va a 38 pacientes revascularizados quirargicamente (117
injertos coronarios segun la hoja operatoria), con indi-
cacion clinica de evaluacion angiogréafica de sus injertos.
Todos los pacientes se encontraban en ritmo sinusal y
con una frecuencia cardiaca < 75 lat/min. En la valo-
racion no invasiva de los injertos se emple6 un tomografo
de 16 detectores y un grosor de corte de 1,2 mm. Se
evalué la exactitud diagnéstica de la TC para la deteccion
de lesiones significativas en los injertos (estenosis > 50%
u oclusién) y los resultados se compararon con los de la
angiografia convencional.

Resultados. De los 117 injertos referidos se visu-
alizaron 99 (84,6%) mediante angiografia convencional y
109 (93,2%) mediante TC. Se analizaron los 98 injertos
valorados por ambas técnicas. Los valores de sensibili-
dad y especificidad de la TC para el total de injertos
fueron del 92 y del 97,3%, para los injertos venosos del
89,5 y del 97,6%, y para los injertos arteriales del 100 y
del 96,8%, respectivamente.

Conclusiones. La TC con detectores multiples mues-
tra una elevada exactitud diagnostica en la valoraciéon de
los injertos coronarios.

Palabras clave: Tomografia computarizada. An-
giografia. Injerto coronario. Enfermedad coronaria.
Cirugia cardiaca.
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ABBREVIATIONS

ECG: electrocardiogram.

MRI: magnetic resonance imaging.

CT: computed tomography.

MDCT: multidetector computed tomography.

INTRODUCTION

Surgical coronary revascularization is an established
treatment for advanced coronary disease. According to
the most recent records of the Spanish Society of Car-
diovascular Surgery, more than 8000 coronary revas-
cularization procedures were performed in 2002.
However, the rate of recurrence of angina in these pa-
tients is estimated at 24% in the first year and 40% at
6 years,! and is associated with progression of atheros-
clerotic disease in the native coronary arteries and/or
aortocoronary bypass grafts.’

Although conventional coronary angiography is the
diagnostic modality of choice for assessing the condi-
tion of bypass grafts, it has the drawback of being an
invasive, expensive technique with associated compli-
cations that, although rare, can be serious.

New diagnostic modalities, most notably magnetic
resonance imaging (MRI) and computed tomography
(CT), have recently been developed allowing the non-
invasive visualization of coronary arteries and bypass
grafts. Despite its drawback of using ionizing radiation
and iodinated contrast agents, CT is currently a candi-
date to be the technique of choice, since it offers the
best spatial and temporal resolution and achieves a
better signal to noise ratio than MRI.3 These qualities
allow for more rapid exploration which, consequently,
is more comfortable for the patient, generates fewer
artifacts caused by cardiac and/or respiratory move-
ment, and facilitates the use of slices with a thickness
of =<1 mm, a factor that is extraordinarily important
given the reduced diameter of coronary arteries and
bypass grafts.

Multislice or multidetector CT (MDCT) is the most
widely used CT system and has been shown to have a
high diagnostic accuracy in the assessment of the ma-
jor coronary arteries.*” However, few studies have
evaluated the clinical usefulness of this technique in
the assessment of coronary artery bypass grafts.

The goal of the present study was to determine the
diagnostic accuracy of MDCT in the assessment of
aortocoronary bypass grafts by comparison with con-
ventional invasive coronary angiography.
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PATIENTS AND METHOD
Patients

A prospective study was undertaken in 38 patients
(29 men) with a mean (SD) age of 66.7 (9.9) years
(range, 39-83 years) who had undergone surgical
revascularization and in whom angiographic assess-
ment of coronary bypass grafts was clinically indica-
ted due to recurrence of symptoms of ischemia (29 pa-
tients, 76.4%) or deterioration of systolic function (9
patients, 23.6%).

All patients were in sinus rhythm and had a mean
heart rate of 62.4+6.4 beats/min (range, 50-75
beats/min). Patients were excluded if they presented
persistent cardiac arrhythmia (including frequent ex-
trasystoles), kidney failure, or allergy to iodinated con-
trast agents, or if they were unwilling to perform a sin-
gle breath-hold of sufficient length.

All patients were assessed by conventional angio-
graphy and MDCT (from January 2003) with a gap be-
tween the 2 procedures of 27.7+43.2 days (range, 1-
175 days).

One hundred and seventeen coronary artery bypass
grafts were assessed on the basis of surgical reports:
42 artery grafts (33 from the left mammary artery, 2
from the right mammary artery, and 7 from the radial
artery) and 75 saphenous vein grafts (of which 6 were
sequential). Table 1 shows the types of coronary artery
bypass grafts and the native coronary arteries that
were revascularized.

All patients gave informed consent to participate in
the study.

Multidetector Computed Tomography

A 16-detector scanner (LightSpeed 16, General
Electric Medical Systems, Milwaukee, Wisconsin,
USA) was used with a complete rotation time of 500
ms and an acquisition rate of 32 slices per second. The
slice thickness was set at 1.2 mm in order to acquire a
volume that would include the entire thorax within a

TABLE 1. Characteristics of the Coronary Artery
Bypass Grafts and Their Anastomoses*

Saphenous  Radial

Grafts LIMA RIMA Vein Artery Total
Number 33 2 75 7 117
Anastomosis
LAD 31 - 6 - 37
Diagonal 1 - 13 (3)T - 14
Marginal (Cx) 1t 1 26 (1)t 7 35
RCA - 1 30 (2)t - 31

*LIMA indicates left internal mammary artery; RIMA, right internal mammary
artery; LAD, left anterior descending artery; Cx, circumflex; RCA, right coro-
nary artery.

1Sequential graft.
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single breath-hold that was tolerable for the patients
(<30 ).

Markers equivalent to standard posteroanterior and
lateral radiographic projections of the chest were
used to determine the arrival time of iodinated con-
trast agent (Iopromide, Clarograf 300, Juste S.A.Q.F.,,
Madrid, Spain) to the ascending aorta (at the level of
the carina) based on a sample volume of 13 mL in-
jected into the antecubital vein at a rate of 5 mL/s.
This data was then used to establish the acquisition
time following administration of the definitive vo-
lume of contrast agent (130 mL at 5 mL/s). The chest
volume, from the supraclavicular area to the dia-
phragmatic domes, was calculated using the same
projections.

A voltage of 120 kV was used with a current of 300-
350 mA and the radiation dose depended on the mor-
phologic characteristics of each patient. No beta-
blockers were administered prior to the procedure.

Acquisition was synchronized with the electrocar-
diogram (ECG) and 1.2 mm slices were then recon-
structed for the entire volume acquired during prede-
termined phases of the cardiac cycle (from 0% to 90%
in sequential 10% increments) in order to obtain re-
constructions during the phase with the least cardiac
movement artifact.

Image analysis was performed using a workstation
(Advantage Work Station 4.2, General Electric Me-
dical Systems, Milwaukee, Wisconsin, USA) with
specific software for cardiovascular analysis. The
following reconstructions were used: multiplane re-
format (MPR), maximum intensity projection (MIP),
and volume rendering (3D-VR). Each study was in-
terpreted by a cardiologist with experience in per-
forming and interpreting cardiovascular CT and MRI
studies, and by a radiographer with extensive experi-
ence in performing vascular CT studies; both were
blinded to the results of conventional coronary an-
giography.

Bypass graft patency was assessed along with the
presence of significant stenosis (>50% reduction of lu-
men diameter at any point in the graft, based on visual
estimation).

Conventional Coronary Angiography

Conventional coronary angiography of the bypass
grafts was performed using a Coroskop Plus/TOP
(Siemens, Munich, Germany) with femoral artery
puncture and, wherever possible, selective catheteriza-
tion; standard angiographic projections were per-
formed. Image analysis was performed by the atten-
ding interventional cardiologist and, as with MDCT,
the presence of lesions in the bypass grafts was
assessed visually.

Statistical Analysis

In the descriptive analysis of the study sample, con-
tinuous variables were expressed as means (SD),
whereas qualitative variables were expressed as per-
centages.

To determine the diagnostic value of MDCT in the
noninvasive assessment of significant lesions (>50%
stenosis or occlusion) in aortocoronary bypass grafts,
the sensitivity, specificity, predictive values (positive
[PPV] and negative [NPV]), and the diagnostic accu-
racy were calculated. These values were calculated us-
ing a 2x2 contingency table in which conventional in-
vasive coronary angiography was taken as the
standard. Values were calculated separately for venous
and arterial grafts, as well as for all bypass grafts to-
gether. The 95% confidence interval (CI) was calculat-
ed for each of the diagnostic parameters.

RESULTS

With the exception of 1 patient who displayed dete-
rioration of kidney function (shown by an increase in
serum creatinine concentration from 1.45 to 3.16
mg/dL), no complications were observed in any of the
patients during the MDCT study.

Of the 117 aortocoronary bypass grafts indicated in
surgical reports, 99 grafts (84.6%) were visualized by
conventional invasive coronary angiography (Table 2),
either by selective injection or indirectly; 37 of the vi-
sualized grafts were arterial and 62 were venous. Se-

TABLE 2. Number, Type, and Lesions of Aortocoronary Bypass Grafts Detected by Conventional Coronary

Angiography and Computed Tomography

Visualized No Lesions Stenosis Occlusion Not Visualized
Conventional coronary angiography
Arterial 37 31 3 3 5
Venous 62 43 5 14 13
Total 99 74 8 17 18
Multidetector computed tomography
Arterial 41 30 4 7 1
Venous 68 44 4 20 7
Total 109 74 8 27 8
69 Rev Esp Cardiol. 2005;58(7):807-14 809
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venteen occlusions were identified (3 in internal mam-
mary grafts and 14 in saphenous vein grafts), along
with 8 stenoses of more than 50% (3 in mammary
artery grafts and 5 in saphenous vein grafts).

One hundred nine coronary bypass grafts (93.2%)
were visualized by MDCT: 41 arterial and 68 venous
(Table 2). Twenty seven occlusions (6 in internal
mammary artery grafts, 1 in a radial artery graft, and
20 in saphenous vein grafts; Figure 1) and 8 signifi-

810 Rev Esp Cardiol. 2005;58(7):807-14

Figure 1. Occlusion at the origin of a
saphenous vein graft to the right coro-
nary artery (arrows). The trajectory of
the thrombosed graft is shown (arrow-
head). A: three-dimensional volume-
rendering reconstruction. B: maximum
intensity projection reconstruction.

Figure 2. Saphenous vein graft to the
anterior descending artery with signifi-
cant stenosis of its distal anastomosis
(arrows). A: three-dimensional vol-
ume-rendering reconstruction. B and
C: maximum intensity projection re-
construction. D: conventional coronary
angiography.

cant stenoses (4 in internal mammary artery grafts and
4 in saphenous vein grafts; Figures 2 and 3) were de-
tected.

To determine the diagnostic capacity of MDCT in
the noninvasive assessment of significant lesions (oc-
clusion or >50% stenosis) in aortocoronary bypass
grafts, 98 grafts were compared (37 arterial and 61 ve-
nous) that were visualized using both techniques
(Table 3); 1 saphenous vein graft visualized by inva-
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Figure 3. Saphenous vein graft to the
right coronary artery with significant
stenosis of its distal anastomosis. A:
maximum intensity projection recon-
struction. B: conventional coronary an-
giography.

sive coronary angiography was not visualized by
MDCT.

A diagnostic sensitivity of 89.5% was obtained for
the saphenous vein grafts (17 significant lesions iden-
tified by MDCT out of 19 detected with conventional
coronary angiography), with a specificity of 97.6%
(41 grafts without lesions in MDCT out of 42 seen in
conventional coronary angiography), a PPV of 94.4%,
and an NPV of 95.4% (Table 3).

All of the 6 significant lesions in arterial grafts iden-
tified by invasive coronary angiography were detected
by MDCT (diagnostic sensitivity of 100%). In addi-
tion, a diagnostic specificity of 96.8% (30/31), a PPV
of 85.7% (6/7), and an NPV of 100% (30/30) was ob-
tained for the arterial grafts (Table 3).

The overall sensitivity of MDCT in the detection of
significant lesions in coronary artery bypass grafts was
92% (23 lesions correctly diagnosed by MDCT out of
25 visualized by conventional angiography; 95% CI,
81.4%-100%) and the overall specificity 97.3% (71
grafts without lesions according to MDCT out of 73
classified as without lesions by conventional angiogra-
phy; 95% CI, 93.5%-100%). The overall PPV was
92% (95% C1, 81.4%-100%) and the overall NPV was
97.3% (95% CI, 93.5%-100%). The diagnostic accura-
cy of MDCT in the noninvasive assessment of all aor-
tocoronary bypass grafts was 95.9% (94 out of 95 by-

pass grafts compared were correctly diagnosed by
MDCT; 95% CI, 92%-99.8%; Table 3).

DISCUSSION

Although conventional angiography is considered to
be the method of choice for the visualization of coro-
nary bypass grafts, it is an invasive, expensive tech-
nique that is not without associated risks. Consequent-
ly, it is of interest to develop diagnostic modalities that
allow reliable noninvasive assessment of coronary
artery bypass grafts.

Despite the drawback of using ionizing radiation
and iodinated contrast agents, CT offers a better
combination of high spatial and temporal resolution
than its closest competitor, MRI. This allows explo-
rations to be performed with only a short single
breath-hold period and facilitates visualization of
small-diameter vascular structures, such as artery
grafts and the distal vessels of native coronary arte-
ries. Compared with electron beam CT, current
MDCT devices allow a larger volume to be covered
in a shorter single breath-hold period, with a narrow-
er slice thickness (greater temporal and spatial reso-
lution). This makes it the ideal technique for assess-
ment of both coronary artery bypass grafts and native
coronary arteries.’

TABLE 3. Diagnostic Values of Computed Tomography in the Noninvasive Assessment of Significant Lesions

in Aortocoronary Bypass Grafts*

Venous (n=61) Arterial (n=37)

Total (n=98)
Sensitivity 92% (23/25; 95% Cl, 81.4%-100%)
Specificity 97.3% (71/73; 95% Cl, 93.5%-100%)
PPV 92% (23/25; 95% Cl, 81.4%-100%)
NPV 97.3% (71/73; 95% Cl, 81.4%-100%)

Diagnostic accuracy ~ 95.9% (94/98; 95% Cl, 92%-99.8%)

89.5% (17/19; 95% Cl, 75.7%-100%)
97.6% (41/42; 95% Cl, 93%-100%)
94.4% (17/18; 95% Cl, 83.9%-100%)
95.4% (41/43; 95% Cl, 89%-100%)
95.1% (58/61; 95% Cl, 89.7%-100%) 97.3% (36/37; 95% Cl, 92.3%-100%)

100% (6/6)
96.8% (30/31; 95% CI, 90.6%-100%)
85.7% (6/7; 95% Cl, 59.8%-100%)
100% (30/30)

*Cl indicates confidence interval; PPV, positive predictive value; NPV, negative predictive value.
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TABLE 4. Studies of the Diagnostic Capacity of Multidetector Computed Tomography in the Noninvasive
Assessment of Significant Lesions in Aortocoronary Bypass Grafts*

Author, Year, and Reference MDCT

Number of Grafts, (Number of Patients)

Sensitivity Specificity

Ropers et al, 200
Young-Guk et al, 200%
Burgstahler et al, 2003
Nieman et al, 2003"

4 detectors
4 detectors
4 detectors
4 detectors

4 detectors
16 detectors
16 detectors
16 detectors

Willmann et al, 20042
Leta et al, 200%
Schlosser et al, 200413
This study, 2005

182 (65) 75% (97%)t 92% (98%)t
115 (39) 66.7% (93%)t 98% (99%)t
21 (10) 86% 86%
60 (24)1 60% to 83%+ 88% t0 90%4
26 (24)$ 67% to 100%$ 83% t0 93%$
62 (20) 83% 96%
9(4) 100% 100%
131 (48) 96% 95%
98 (38) 92% 97.3%

*MDCT indicates multidetector computed tomography.

tValues for obstruction of the bypass graft are shown in brackets.
$Values for saphenous vein grafts.

$Values for arterial grafts.

Nevertheless, there are factors that impede its gene-
ralized use and affect image acquisition, such as the
presence of arrhythmias and incorrect breath holding,
or interpretation, such as artifacts caused by metallic
clips and endoprostheses (stents), extensive calcifica-
tion of the coronary arteries, and interposition of ve-
nous structures.

Few studies have compared the diagnostic accuracy
of MDCT with conventional coronary angiography for
the assessment of coronary artery bypass grafts (Table
4).4%13 The study of Ropers et al,® which used a scan-
ner with 4 detectors and included a larger number of
bypass grafts (182 grafts in 65 patients), found a diag-
nostic sensitivity and specificity of 97% and 98%, res-
pectively, for occlusion, and 75% and 92%, respec-
tively, for significant stenosis. However, a major
limitation of that study was the high percentage (38%)
of patent bypass grafts visualized by coronary angiog-
raphy that could not be assessed by CT due to move-
ment artifacts,despite the fact that 86% of patients re-
ceived treatment with beta-blockers.

Although our study, using a 16-detector scanner,
yielded similar results (diagnostic sensitivity of 92%
and specificity of 97.3%), it has the advantage that
none of the evaluated bypass grafts were excluded
due to artifacts derived from cardiac and/or respira-
tory movement. This was due to a number of factors.
Firstly, the use of a larger number of detectors al-
lowed higher temporal resolution and, consequently,
faster data acquisition and a shorter single breath-
hold period, thereby limiting movement of artifacts
considerably.'* Also, although neither beta-blockers
nor any other medication that reduces heart rate
were administered prior to CT, the heart rate was
never greater than 75 beats/minute in any of the pa-
tients; this would undoubtedly have reduced the
number of cardiac movement of artifacts. Further-
more, all patients received instruction in holding
their breath and their ability to do so was confirmed
prior to the procedure, leading to a reduction in the

812 Rev Esp Cardiol. 2005;58(7):807-14

number of artifacts caused by incorrect breath hold-
ing. Finally, images were reconstructed in the diffe-
rent phases of the cardiac cycle and those with the
least movement artifacts were selected. Our expe-
rience is consistent with the logical assumption that
coronary bypass grafts, as a result of their trajectory,
are generally less affected by cardiac movement than
native coronary arteries.

The results obtained in this study are also compara-
ble to those obtained in the recent study of Schlosser
et al,' performed with a CT scanner that had the same
number of detectors and used a similar protocol.

Although in some studies special data acquisition
protocols are used in MDCT of the coronary arteries
when the heart rate is high, such studies use data from
various consecutive beats to reconstruct an image,
thereby necessitating an extremely regular heart
rhythm.'"!* In our study, we did not employ these pro-
tocols as a result of the baseline heart rate of the pa-
tients (mean of 62 beats/minute, due to the fact that
the majority received chronic treatment with beta-
blockers), and also because aortocoronary bypass
grafts are less affected by cardiac movement.

The slice thickness was 1.2 mm, with increments of
1.2 mm in the reconstruction. The reason that a slice
thickness of less than 1 mm was not used, despite this
possibility being available, was the impossibility of
covering the volume of the chest within a single
breath-hold period that was tolerable for the patient
(<30 seconds). In practice, this implies a lower spatial
resolution, which could have a particular influence on
the visualization of small-diameter vessels. In our
study, MDCT allowed assessment of 11 bypass grafts
that could not be assessed by conventional coronary
angiography: 2 internal mammary artery grafts occlu-
ded in their proximal segment (Figure 4) and 1 se-
quential graft from the left internal mammary artery to
the stenotic marginal artery; 1 radial artery graft occlu-
ded at its origin; and 7 saphenous vein grafts, 1 patent
and the remaining 6 occluded. Invasive coronary an-
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Figure 4. Left mammary artery bypass
graft to the anterior descending artery
occluded in its proximal segment (ar-
rows in A and C) with a patent distal na-
tive vessel (arrows in B and D). Two
saphenous vein grafts are shown (ar-
rowheads in A). A and B: three-dimen-
sional volume-rendering reconstruc-
tion. C and D: maximum intensity
projection reconstruction.

giography allowed evaluation of a sequential vein
graft to a right posterolateral branch that was not iden-
tified by MDCT.

Two false negatives corresponding to saphenous
vein grafts were obtained in which a significant steno-
sis in the distal anastomosis to small-diameter vessels
(marginal and diagonal) was not identified by MDCT.

Two false positives were obtained in this study: an
internal mammary artery bypass graft to the anterior
descending artery, probably caused by artifacts due to
metal clips at the distal anastomosis, and a saphenous
vein graft in which the severity of the stenosis was
overestimated by MDCT.

Considering stenosis and occlusion together, an in-
ternal mammary artery graft was classified as occlu-
ded by MDCT, whereas it was classified by invasive
coronary angiography as displaying diffuse narrowing
of the graft (string sign) associated with competitive
flow from the native coronary artery that did not pre-
sent significant narrowing prior to the bypass graft.

Limitations

Due to the limited number of stenoses compared
with occlusions, a finding that is similar to those of

73

other studies,”!? the diagnostic accuracy of MDCT
was not assessed separately for significant stenosis
and occlusion of bypass grafts.

A slice thickness of 1.2 mm rather than less than 1
mm was used for data acquisition in order to cover
the total chest volume during a single breath-hold
period that was tolerable for the patient. This implies
a lower spatial resolution and perhaps explains the
failure to detect the distal stenoses of the 2 venous
grafts to the marginal and diagonal arteries (vessels
with a smaller diameter than the main coronary ar-
teries).

The presence of a coronary steal phenomenon by
the native vessel due to revascularization in the pre-
sence of nonsignificant stenosis can lead to, as in our
case, a graft to be considered occluded when by con-
ventional coronary angiography, a dynamic technique,
it would be considered patent but with a reduced inter-
nal diameter.

Although it was not the aim of this study to assess
the native vessels, nor to determine the effective dose
of ionizing radiation received by the patients, either
with conventional coronary angiography or MDCT,
these aspects will be important if the technique is to be
employed in general clinical practice.

Rev Esp Cardiol. 2005;58(7):807-14 813
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CONCLUSIONS

In our study, the assessment of coronary artery by-
pass grafts with MDCT showed a high diagnostic ac-
curacy compared with invasive coronary angiography
in patients in whom conventional coronary angiogra-
phy was clinically indicated. However, confirmation
of the high negative predictive value obtained in this
study, which would allow the technique to be used as a
valid alternative to conventional coronary angiogra-
phy, will require a more extensive series that also in-
cludes native vessels.
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