
ABSTRACT

Background. The gold standard for the diagnosis of coro-
nary artery disease (CAD) is catheter angiography. However,
catheter angiography is invasive and may not always be followed
by interventional therapy. We report our results with the use of
multislice computed tomography (MSCT) as a non-invasive
diagnostic tool for CAD.

Methods. Thirty-one patients (26 with chronic stable
angina, 5 with coronary anomalies) underwent 16-slice MSCT
and catheter angiography. Vessels <1.5 mm in diameter were
excluded. The ability of MSCT to detect obstructive CAD
(stenosis >50% of the diameter) was evaluated in pre-defined
vessel segments. The association of calcium score with obstruc-
tive CAD, and the effect of heart rate on distal vessel visibility
were also studied.

Results. There were 29 men and 2 women (age range: 36–
80 years; mean [SD]: 53 [11] years). Of the 403 vessel
segments, 391 were >1.5 mm in diameter and 321 were
interpretable on both modalities. The non-interpretability rates
were 7% (26/391) for catheter angiography and 14% (54/
391) for MSCT, with distal location (64%; 34), motion
artifacts (29%; 16) and calcification (7%; 4) being chiefly
responsible in case of the latter technique. The sensitivity,
specificity, positive and negative predictive values of MSCT were
85% (95% confidence interval [CI]: 73–93), 94% (95% CI:
90–96), 76% (95% CI: 64–85) and 96% (95% CI: 93–
98), respectively. MSCT correctly classified patients with no,
single-, double- and triple-vessel disease in 87% of cases. One
patient was incorrectly excluded on MSCT; catheter angiography
showed 50%–70% stenosis in this case. Patients with obstruc-
tive CAD had a higher Agatston score equivalent (p=0.03).
There was no significant effect of heart rate on distal segment
visibility. MSCT correctly identified all coronary anomalies.

Conclusion. MSCT has a good potential for the detection of
coronary stenosis, and may be most useful for excluding CAD
(due to its high negative predictive value). It accurately delineates
coronary anomalies.
Natl Med J India 2005;18:236–41

INTRODUCTION
In the past decade, the usefulness of non-invasive imaging for the
detection of coronary artery disease (CAD) has been explored
using various modalities, such as magnetic resonance imaging
(MRI) and electron beam computed tomography.1,2 However,
despite encouraging early results, none of them has been able to
provide consistent and reliable results with regard to evaluation of
CAD in routine clinical practice. The evolution of multislice
computed tomography (MSCT) in recent years has generated
interest in its ability to detect the extent of obstructive CAD. The
use of high-speed tube rotation, coupled with simultaneous acqui-
sition of multiple slices and fast postprocessing imaging software
has created the opportunity to acquire high-quality images of the
entire heart within one breath-hold.3,4 The application of MSCT
technology in the evaluation of CAD is currently under investiga-
tion.5–7 We report our experience with the use of 16-slice MSCT to
define the extent of CAD in a group of patients, using catheter
angiography as the gold standard.

METHODS
Patients
We retrospectively studied a group of 31 patients who were
referred for angiographic evaluation of suspected CAD. All pa-
tients underwent both catheter angiography and MSCT within a
period of 4 weeks of each other. Of these, 26 patients presented
with chronic stable angina. The other 5 patients, in whom anoma-
lous coronary arteries were suspected on catheter angiography,
had MSCT for demonstration of the origin and course of the
anomalous vessel. Patients who had previously undergone
angioplasty with stent implantation or coronary bypass surgery
were excluded. Patients were also excluded if they had acute
coronary syndromes, history of unstable angina or myocardial
infarction within the past 6 months, ejection fraction <35%,
irregular heart rate, history of previous allergic reaction to contrast
media, renal insufficiency (serum creatinine >1.5 mg/dl), thyroid
insufficiency, pregnancy, respiratory impairment and haemo-
dynamic instability. Written, informed consent was obtained from
all patients before the investigations.

MSCT scan protocol
Patients with a heart rate >70/minute received oral metoprolol
(25–50 mg) 1 hour prior to the procedure. The examination was
done on a 16-slice CT system (Sensation 16, Siemens, Germany).
All studies were ECG-gated (retrospective) and performed within
a single breath-hold. An initial non-contrast scan was performed
to determine the boundaries of the heart and assess for the presence
of coronary calcium. For contrast injection, the scan delay was
determined by bolus tracking over the ascending aorta. The scan
protocol is summarized in Table I.
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After the examination, multiple datasets were retrospectively
reconstructed at variable points along the cardiac cycle and then
reviewed for best image quality. The stack of images was then
transferred to off-line workstations (Wizard, Navigator and
Leonardo Workstations, Siemens, Germany). Several post-pro-
cessing techniques were employed to assess the coronary arteries,
including maximum intensity projection, multiplanar reconstruc-
tion and volume rendering techniques.

One investigator, blinded to the results of the catheter angio-
graphy, assessed all coronary segments. The coronary arteries
were divided into 13 individual segments as follows: left main
stem, proximal, mid and distal left anterior descending (LAD),
largest diagonal (D), proximal and distal left circumflex (Cx),
largest obtuse marginal (OM), proximal, mid and distal right
coronary (RCA), posterior descending (PD) and posterior left
ventricular (PLV) arteries.

According to the image quality, each vessel segment was
classified as interpretable or not. The interpretable segments were
screened for the presence of stenosis of <50% or >50% of the
diameter. The volumetric calcium score (Agatston score equiva-
lent) was calculated in each patient. Based on the origin of the PD
artery, the patients were classified as having a right or a left
dominant type of circulation.

Catheter angiography protocol
Vascular access was obtained via the percutaneous transfemoral
route (Seldinger technique). Non-ionic contrast (iohexol: 300–
350 mg/ml) was selectively injected into both coronary arteries
and images were recorded in multiple views. A single observer,
blinded to the MSCT results, assessed the angiographic images.
The individual segments (13 in each patient, as described above
for MSCT) were visually assessed for the presence and degree of
stenosis. The severity of stenosis was assessed as described above
for MSCT.

All segments <1.5 mm in diameter were excluded from the
comparative analysis, since smaller segments are generally not
considered suitable for revascularization.

Statistical analysis
The diagnostic performance of coronary angiography by MSCT
for detecting obstructive CAD was compared to catheter angio-
graphy. The results were calculated as the sensitivity, specificity,
positive predictive value (PPV) and negative predictive value
(NPV) of the investigation. The correlation between calcium score
and occurrence of obstructive CAD was assessed by the two-
sample t-test. Visibility of the distal vessels as a function of heart
rate was assessed by one-way ANOVA.

RESULTS
The study included 29 men and 2 women with a mean (SD) age of
53 (11) years (range: 36–80 years). Twenty-four patients (77%)
were on beta-blockers, the mean (SD) heart rate was 63 (7.6) per
minute and the mean breath-hold (scan) time was 16.5 (1) sec-
onds.

Based on a segment-by-segment analysis of the 403 segments,
391 were >1.5 mm and hence were available for analysis. Of these,
26 were non-interpretable on catheter angiography and 54 on
MSCT, giving non-interpretability rates of 7% (26/391) and 14%
(54/391), respectively. All non-interpretable segments on catheter
angiography were due to a proximal occlusion or tight stenosis.
Data for vessel segment interpretability on MSCT are summarized
in Table II. The reasons for the inability to interpret vessel
segments on MSCT included distal location of segments in 64%
(34), motion artifacts in 29% (16) and presence of calcified plaque
in 7% (4). The non-interpretability rates were the highest for the
distal PLV (61%, n=14; Table II). The 4 segments where dense
calcification was responsible for the inability to interpret disease
were the proximal (2) and the mid (2) LAD artery (Figs 1a and 1b).
After excluding the segments that were not interpretable on
catheter angiography, 321 segments were available for compara-
tive analysis. The sensitivity, specificity, PPV and NPV of MSCT
were 85% (51/60 segments, 95% confidence interval [CI]: 73–
93), 94% (245/261 segments, 95% CI: 90–96)), 76% (51/67
segments, 95% CI: 64–85) and 96% (245/254 segments, 95% CI:
93–98), respectively. Calcification was present in 38% of patients
(6/16) in whom false-positive disease was reported on MSCT,
(Figs 2a and 2b) and in 44% of patients (4/9)  with a false-negative
result. The sensitivity, specificity, PPV and NPV of the proximal
and mid-coronary segments were 87%, 99%, 90% and 97%,
respectively, while the values for the distal segments (including
the PD and PLV) were 67%, 96%, 77% and 94%, respectively.

Catheter angiography showed normal coronary arteries in 11
(35%) (Figs 3a to c), single-vessel disease (SVD) in 5 (16%),
double-vessel disease (DVD) in 3 (10%) (Figs 4a to d) and triple-
vessel disease (TVD) in 12 patients (39%). MSCT showed at least
SVD in 19 of 20 patients diagnosed with obstructive CAD on
catheter angiography. No patient had a significant left main
stenosis. MSCT correctly classified 27 of 31 patients (87%) based
on the number of vessels involved (as described for catheter
angiography above). In 1 patient with SVD and a 50%–70% mid-
LAD artery stenosis on catheter angiography, MSCT showed
<50% stenosis (false-negative). However, this patient would have
been correctly excluded on MSCT, if the cut-off for a significant
diameter stenosis was considered to be 70%.

TABLE I. Multislice CT scan protocol
System 16-slice CT
Collimation 12  0.75 mm
Table feed 2.8 mm/rotation
Gantry rotation time 0.42 seconds
Tube voltage 120 kV
Tube current 400 mAS
ECG modulation of tube current Yes
Contrast volume 80 ml
Rate of contrast injection 4 ml/second
Axial image reconstruction thickness 1 mm
Slice increment 0.5 mm
Initial reconstruction 60% of cardiac cycle

TABLE II. Vessel segment interpretability on multislice
computerized tomography (MSCT)

Item n (%)

Total segments 403
Segments >1.5 mm 391
Segments evaluable by MSCT 337
Non-interpretabile segments on MSCT 54 (14)
Vessel-wise non-interpretability
Posterior left ventricular artery 14 (61)
Distal right coronary artery 8 (31)
Posterior descending artery 8 (27)
Distal left circumflex 4 (29)
Non-interpretability: Proximal v. distal segment
Proximal 20 (36)
Distal 34 (64)
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FIG 1. Non-interpretable vessel segment on multislice computed tomography (MSCT) due to calcified plaque. (a) Catheter angiogram
showing proximal left anterior descending (LAD) artery disease (white arrow). D diagonal. (b) MSCT coronary angiography: axial
maximum intensity projection (upper panel) and volume rendering technique (lower panel) images. The proximal LAD is not
interpretable due to the presence of dense calcification of the plaque (black arrows). Ao aorta

On catheter angiography, the right system was dominant in
81% (25/31), while the left system was dominant in 19% (6/31).
MSCT could not decide dominance in 4 cases, while it was correct
in all 27 patients (87%) where a PD could be identified as being
from the RCA (Fig. 3c) or the Cx on MSCT.

Patients with obstructive CAD had a higher calcium score
(mean [SD] of 83 [183] v. 375 [434]; p=0.03). An increase in the
number of vessels involved was associated with a progressively
increasing calcium score, but the difference was not statistically
significant. No significant effect of heart rate (in the study range
of 51–78/minute) on the evaluability of the distal segments was
found.

In all the 5 patients with anomalous coronary artery origins (1
with an anomalous Cx from the RCA, 1 with an anomalous left
coronary artery from the right coronary sinus, and 3 with anoma-

lous RCAs from the left coronary sinus), the origin, course and
relation of the anomalous vessel to the underlying cardiac cham-
bers were well identified on MSCT.

DISCUSSION
CAD continues to be a major public health problem in India.
Recent surveys indicate an incidence of nearly 10% (96.7/1000) of
ischaemic heart disease,8 with rates in urban parts of India being
4-fold higher than in the USA.9 Although catheter angiography is
the gold standard for the diagnosis of CAD, only one-third of
catheter angiographies are followed by an intervention, with the
remaining being done only for verifying the presence and degree
of CAD. These data strongly emphasize the need for a reliable,
non-invasive tool for the early diagnosis of CAD.10

Electron beam CT and MRI have previously been employed to

FIG 2. Calcium responsible for a false-positive diagnosis. (a) Catheter angiography showing a mild, long stenosis of the distal LAD.
(b) MSCT coronary angiogram (VRT image). Due to dense calcification (black arrow) immediately proximal to the lesion, the lesion
appears significant and, hence, is overestimated. LAD left arterior descending artery RV right ventricle LV left ventricle

a b

a b



perform coronary angiography. The reported sensitivity and speci-
ficity of electron beam CT for detecting obstructive CAD ranges
between 85% and 90%.11,12 However, it is limited by low spatial
resolution, respiratory and cardiac motion-related artifacts, and
ECG mis-triggering (due to ventricular ectopics).

MRI is an attractive technique for coronary artery imaging due
to the lack of ionizing radiation or need for iodinated contrast
agents, and its ability to assess left ventricular myocardial perfu-
sion and viability. However, MRI has so far shown only moderate
diagnostic accuracy (sensitivity 50%–83%, specificity 88%–93%)
for the detection of coronary stenosis.13–15

With MSCT, coronary artery images with sub-millimetre thick-
ness and higher spatial and contrast resolution can be obtained in
a short scan time.16 The use of retrospective ECG gating and
lowering the heart rate further improves the temporal resolution.
This has resulted in a lower number of non-interpretable coronary
segments (due to motion artifacts) compared to initial studies.

The non-interpretability rates on MSCT in our study (14%)
compare favourably with those of earlier studies (12%–14%).5,6

This was mostly attributed to distal location (64%) or motion
artifacts (29%). Vessel evaluation can be improved with better
heart rate control (reducing cardiac motion), acquiring thinner
slices (increasing the number of detectors) and decreasing the tube
rotation time.

Although comparison of 4-slice CT imaging with catheter
angiography has been reported in several studies, there are few
studies on comparison of 16-slice and, more recently, 64-slice CT

with catheter angiography. Ropers et al.6 reported their results
with 16-slice CT (vessel diameter >1.5 mm) which showed 92%
sensitivity, 93% specificity, 79% PPV and 97% NPV. Kuettner et
al.17 reported rates of 72%, 97%, 72% and 97%, respectively. The
more recent report on 16-slice CT by Mollet et al.18 showed
sensitivity, specificity, PPV and NPV values of 95%, 98%, 87%
and 99%, respectively. With 64-slice CT, Raff et al.19 (70 patients)
recently demonstrated rates of 86%, 95%, 66% and 98%, respec-
tively. Our results are comparable with all these earlier reports and
we found that proximal and mid-coronary segments were better
evaluated (87% sensitivity, 99% specificity, 90% PPV and 97%
NPV) compared to distal segments (67%, 96%, 77% and 94%,
respectively). The improved image quality compared to 4-slice
scanners, and the fact that fewer proximal and mid-coronary
segments were affected by motion artifacts, can be explained by
the higher spatial and temporal resolution of 16-slice scanners.

In absolute terms, MSCT correctly detected a coronary lesion
in 51 of 60 segments, and correctly excluded it in 245 of 261
segments. The presence of calcium was the most important reason
for mismatch in lesion severity (seen in 38% of segments with a
false-positive and 44% of segments with a false-negative result on
MSCT). The incorrect assessment of segments due to coronary
calcification is related to spatial resolution and the ‘partial volume
effect’. This can be overcome by increasing spatial resolution (0.6

 0.6 1.0 mm with 4-slice, 0.5  0.5  0.6 mm with the present
16-slice scanners, and expected to improve further with 32- and
64-slice scanners).17 Kuettner et al.17 reported that by restricting

FIG 3. Normal coronaries. (a) Catheter angiography reveals normal left (upper panel) and right (lower panel) coronary arteries. LM, left
main; Cx, circumflex; OM, obtuse marginal; RCA, right coronary artery; PD, posterior descending, PLV, posterior left ventricular.
(b) MSCT angiogram shows no obstructive disease in the left coronary system. There is a small plaque in the distal LAD (white
arrow). (c) MSCT shows normal RCA and its branches. Note the good visualization of the PD branch (black arrow) in this right
dominant system.
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their analysis to patients with an Agatston score equivalent of
<1000, sensitivity, specificity, PPV and NPV rates of 98%, 98%,
80% and 99.8%, respectively, could be achieved.

Another reason that affected the interpretation of lesion sever-
ity was the presence of motion artifacts, also reported in earlier

studies.20, 21 Overcoming this limitation requires further accelera-
tion of the X-ray tube, use of multisegmented reconstruction
algorithms, and further lowering of the heart rate. The mean heart
rate of the patients in our study (63.2/minute) was comparable to
that reported by others (64/minute6 and 62/minute17).

FIG 4. Double-vessel disease. (a) Catheter angiogram shows severe narrowing in a distal obtuse marginal (OM) artery (black arrow). (b)
Same investigation showing occlusion of the mid-RCA (white arrow) and reformation of its distal branches (arrowhead) through
collaterals. (c) MSCT angiography (VRT image) demonstrates the OM lesion (black arrow). (d) Additionally, an oblique coronal MIP
image (upper panel) reveals a thrombus (arrow) occluding the RCA. VRT (lower panel) from the diaphragmatic aspect shows
reformation of the distal RCA branches (black arrow). RCA right coronary artery
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We found a good correlation between calcium score, and the
extent and severity of obstructive CAD (mean [SD] Agatston
score equivalent of 83 [183] in non-obstructive CAD v. 375 [434]
in patients with obstructive CAD; p=0.03), re-emphasizing its
role as a screening test.

MSCT correctly classified 87% of the patients as having
normal coronary arteries, or SVD, DVD or TVD. MSCT showed
at least SVD in 19 of the 20 patients diagnosed with obstructive
CAD on catheter angiography. The MSCT was false-negative in
1 patient who had 50%–70% mid-LAD stenosis on catheter
angiography. However, this patient could be excluded with a cut-
off value of 70% for significance of stenosis, which is usually the
case for deciding upon the need for coronary intervention. The
focus in most reported investigative studies has been on determi-
nation of the sensitivity and specificity of MSCT in the assessment
of each coronary artery or segment, regardless of the individual
patient.6,17 By reporting our results with respect to patients with or
without disease in at least one coronary artery, it can be projected
that MSCT may be a very useful tool in deciding upon the need for
subsequent angiography, particularly in patients with a low pre-
test probability of the disease (due to its high negative predictive
value [97%], as in our series).

A unique finding in our study, not reported by earlier authors,
was the ability of MSCT to correctly assess the dominance of the
coronary system. MSCT accurately reported the dominance pat-
tern in all 27 patients (87%) where a PD could be identified as
being from the RCA or the Cx.

The detailed coronary anatomy in all 5 patients with anomalous
coronary arteries was accurately demonstrated with MSCT. How-
ever, only anecdotal reports of its utility in detecting anomalous
coronary arteries have been published.21,22 Limitations of catheter
angiography in assessing coronary anomalies include its inability
to selectively catheterize the vessel and demonstrate its relation-
ship to the surrounding cardiovascular structures.23,24

Limitations of MSCT
As reported by previous authors and in our study, the accuracy of
16-slice CT is still limited by the presence of calcification, distal
location of disease, irregular cardiac rhythm and motion-related
artifacts, all of which hamper accurate assessment of the coronary
arteries compared with catheter angiography.

Limitations of the study and radiation dose concerns
The number of patients in this study is not large enough to assess
every aspect of MSCT angiography of the coronaries with ad-
equate statistical power. There was a learning curve for all the
investigators involved in performing MSCT and reporting the
results of the study. Coronary artery stenosis was assessed visually
with both MSCT and catheter angiography. Also, intravascular
ultrasound was not used as the reference standard method. These
factors could have confounded our results.

The radiation exposure with earlier MSCT scanners was re-
ported to be 6.7–13 mSV. This has been brought down to 3.5–6.5
mSV with ECG modulation of the tube current, and this exposure
is comparable to that with catheter angiography.25

In summary, our results highlight the potential of 16-slice CT
for coronary artery visualization and detection of coronary artery
stenosis. We found a similar performance of MSCT compared
with that reported in other studies, indicating the reproducibility
of the technique. This technique is most useful in ruling out CAD
(in a low pre-test probability group), and in demonstrating coro-
nary artery anomalies. Due to certain limitations, MSCT cannot,
at present, be used to replace coronary angiography.
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