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Introduction

Coronary artery disease (CAD) accounts for 
nearly 30% of deaths worldwide, consisting of 
40% in developed countries and 28% in develop-
ing countries.1 Conventional coronary angiography 

(CCA) is currently considered the gold standard for 
the diagnosis of obstructive CAD2; however, it is 
associated with low but real morbidity (1.5%) and 
mortality (0.11%) rates,3 as well as inconvenience 
for patients and considerable cost.  

Rapid advances in multi-slice computed tomog-
raphy (MSCT) technology during the past years 
have resulted in the introduction of the currently 
used 64-slice computed tomography (CT) as a non-
invasive and reliable method for the assessment of 
coronary stenosis with optimized image quality. 
Compared with the older scanner generations (4- 
and 16-slice CT), the present 64-slice CT scanner 
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Abstract
Background: The main aim of our study was to investigate the in�uence of calci�cation on the accuracy of 64-slice com-

puted tomography for identi�cation of signi�cant coronary artery disease. 
Methods: A contrast-enhanced 64-slice computed tomography was performed prior to invasive coronary angiography in 

168 consecutive patients with suspected coronary artery disease. All coronary segments 1.5 mm or larger in diameter were 
evaluated for the presence or absence of signi�cant coronary artery stenosis, de�ned as a diameter reduction of >50%. The 
patients were also ranked by total calcium score which was expressed in Agatston units and the impacts of calci�cation on 
diagnostic accuracy of 64-slice computed tomography were assessed. Results were compared with quantitative coronary 
angiography as the standard of reference. 

Results: The overall sensitivity, speci�city, positive predictive value, and negative predictive value of 64-slice computed 
tomography for detection of signi�cant stenosis were: by segments, 95%, 98%, 91%, and 99%, respectively; by patient, 
98%, 97%, 96%, and 99%, respectively; and by artery, 94%, 93%, 91%, and 95%, respectively. In mild and moderate cal-
cium scores (0 – 418 Agatston units), the sensitivity was 100%, speci�city was 93%, positive predictive value was 97% and 
negative predictive value was 100%. Severe calci�cation (>419 Agatston units) reduced the sensitivity, speci�city, positive, 
and negative predictive values of multi-slice computed tomography to 89%, 60%, 89%, and 60%, respectively. 

Conclusion: Our study revealed that the 64-slice computed tomography is a highly accurate diagnostic modality for detect-
ing hemodynamically signi�cant coronary stenosis; however, severe calci�cation is considered as a shortcoming which limits 
the routine application of multi-slice computed tomography in daily practice. 

Impact of Calci�cation on Diagnostic Accuracy of 
64-Slice Spiral Computed Tomography for Detecting 
Coronary Artery Disease: A Single Center Experience
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has superior temporal and spatial resolution, which 
allows more accurate visualization of the coronary 
arteries.4 The MSCT has provided favorable re-
sults compared with CCA for the detection of coro-
nary artery stenosis in several previous reports5–33; 
however, this technology is still affected by a few 
shortcomings which should be overcome if it is to 
become a practical alternative to CCA. Motion ar-
tifacts caused by cardiac movement, especially in 
patients with high heart rates, make the evaluation 
of some coronary segments dif�cult. Furthermore, 
although the employment of a smaller voxel size in 
new generation scanners has substantially reduced 
the partial volume effect and consequently mini-
mized the degree of calcium blooming and beam 
hardening artifacts,29 precise assessment of the cor-
onary artery lumen by the 64-slice scanner in the 
presence of moderate-to-severe calci�cation has 
been challenging. 

In this large prospective study, we aimed to evalu-
ate the accuracy of 64-slice CT for the identi�cation 
of hemodynamically signi�cant coronary lesions 
and also to investigate the effects of coronary cal-
ci�cation on the diagnostic accuracy of MSCT in 
patients with suspected CAD. Results were com-
pared with quantitative coronary angiography as the 
standard.

Patients and Methods

Study population 
From September 2006 to May 2007, 168 consecu-

tive patients who were scheduled for CCA because 
of suspected CAD underwent MSCT within a 3-day 
interval prior to catheterization. Patient charac-
teristics are summarized in Table 1. Patients were 
excluded if they had at least one of the following 
criteria: previous allergic reaction to iodine contrast 
media, renal insuf�ciency (serum creatinine level 
>1.5 mg/dL), inability to comply with breath-hold 
commands, contraindication to administration of 
beta-blocker drugs, atrial �brillation, hemodynamic 
instability and a history of previous stenting or coro-
nary artery bypass surgery. The study protocol was 
approved by Institutional Ethics Committee at Day 
General Hospital, Tehran, Iran; and all participants 
gave their informed written consent.  

Table 1. Patient characteristics

Total number of patients 168
Age (years)

Mean±SD 58±11
Range 85–32

 Male, n (%) 126 (75)
Body mass index (kg/m2) 25.7±4.2
History, n (%)

Family history of CAD 118 (70)
Smoker 114 (68)
Hypertension* 98 (58)
Hyperlipidemia† 142 (84.5)

Diabetes mellitus‡ 61 (36)

Heart rate during scanning (beats/min) 62±11

CAD severity, n (%)
No signi�cant CAD 46 (27)
1-vessel disease, n (%) 57 (34)
2-vessel disease, n (%) 36 (21)
3-vessel disease, n (%) 29 (17)

Patient preparation 
To achieve a target heart rate of <65 beats/min, 100 

mg metoprolol was administered orally in patients 
with  heart rates over 70 beats/min, 1 hour before 
the planned multi-slice CT imaging. Additional 
doses of metoprolol were injected intravenously in 
patients with heart rates >65 beats/min at the time of 
the acquisition in order to lower the heart rate to �60 
beats/min. In addition, all patients received 0.4 mg 
nitroglycerin sublingually, 2 min prior to the MSCT 
scanning.

Scan protocol and image reconstruction
All examinations were performed with a 64-slice 

CT (Somatom Sensation 64, Siemens, Forchheim, 
Germany). The scanning parameters are sum-
marized in Table 2. To reduce radiation exposure, 
ECG-gated tube current modulation was applied for 
all patients. A bolus of 80 mL contrast agent (Vi-
sipaque 320 mg/mL, Amersham Health, Bucking-
hamshire, UK) was injected intravenously at a rate 
of 5 mL/s followed by a saline chaser bolus of 50 
mL (also at 5 mL/s). As soon as the signal in the 
ascending aorta reached a prede�ned threshold of 
140 HU (Houns�eld units), the scan started auto-
matically after a 4 second delay from the tracheal 
bifurcation to the diaphragm during one breath hold 
in 8 to 9 seconds (s) with simultaneous monitoring 
of the electrocardiographic tracing. Retrospectively 
ECG-synchronized image reconstruction was per-
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formed using the implemented half-scan algorithm 
at -300, -350, and -400 ms points of the R-R cycle 
length (in mid-diastolic phase), with a slice thick-
ness of 0.6 mm, a reconstruction increment of 0.4 
mm and a smooth convolution kernel of B30f. In 
cases of motion artifacts, additional reconstructions 
were performed, and the dataset with the minimum 
artifact and the most optimal image quality was se-
lected for further analysis. Using a proposed method 
by the European Working Group for Guidelines on 
Quality Criteria in CT,34 the average estimated ef-
fective radiation dose was 13 mSv and 18 mSv for 
men and women, respectively. 

Table 2. 64-slice CT scanning parameters

Parameter Value

Slice collimation (mm) 64×0.6

Tube output

Voltage (kV)   120

Current (mAs) 400–600

Table feed (mm/rotation) 9.2

Pitch 0.24

Rotation time (msec) 330

ECG synchronization Retrospective gating

Temporal resolution (msec) 165

Image reconstruction

Slice thickness (mm) 0.6

Increment (mm) 0.4

Scanning time (sec)

Mean 14.7

Range 12.5–19.8

CAD=coronary artery disease; SD=standard deviation; *Use of an-
 tihypertensive agents and/or blood pressure �140/90 mm Hg; †Use
 of lipid-lowering drugs and/or total serum cholesterol �200 md/dL;
 ‡Use of antidiabetic drugs and/or fasting blood sugar �126 mg/dL
  and/or  random blood glucose �200 mg/dL

A 15-segment model was used for de�ning the cor-
onary tree, as previously described in the American 
Heart Association/American College of Cardiology 
guidelines.35 Accordingly, the following segments 
were evaluated: left main (LM) coronary artery; 
proximal, middle and distal right coronary artery 
(RCA); right and left posterior descending arteries 
(PDA) and postero-lateral (PL) branch; proximal 
and distal left circum�ex (LCX) artery with obtuse 
marginal (OM) branch; proximal, middle and distal 
left anterior descending (LAD) coronary artery and 
diagonal (DIA) branches. The evaluable segments 

of the coronary artery system (�1.5 mm in diameter) 
were classi�ed as being signi�cantly stenosed or 
not, de�ned as a lumen narrowing of >50%.

Patients were ranked by total calcium score which 
was expressed in Agatston units (AU).36  Segment 
and artery calcium was rated as follows: none, not 
calci�ed; mild, calcium present, no image impair-
ment; moderate, calcium covering <50% of the lu-
men; and severe, calcium covering >50% of the lu-
men in all planes including cross section.

Scans were analyzed by two investigators who 
were blinded to both the clinical data and the angio-
graphic results.

Invasive coronary angiography
Conventional invasive angiography, as the gold 

standard reference for comparison with MSCT, was 
performed according to standard techniques. The 
angiograms were evaluated by an experienced car-
diologist who was blinded to the MSCT �ndings, 
using quantitative coronary analysis. The severity of 
stenoses was determined by at least two orthogonal 
projections with an automated vessel contour detec-
tion system. The presence of segmental disease in 
the native coronary artery system was evaluated ac-
cording to the same 15-segment model, which had 
been applied for MSCT analysis.35 Only coronary 
segments with a diameter �1.5 mm were included 
for analysis and a diameter stenosis of �50% was 
considered signi�cant.

Comparative analysis
The accuracy of 64-slice CT to detect clinically 

signi�cant lesions (>50% luminal narrowing) was 
compared to invasive CA according to the follow-
ing analyses: 1) per-segment analysis, comparing 
each segment in every artery; 2) per-patient analy-
sis, evaluating the presence of any signi�cant lesion 
in a given patient; and 3) per-artery analysis, prob-
ing the presence of signi�cant lesions in each of the 
major coronary arteries (Left main, LAD, RCA, and 
LCX). 

Statistics 
Quantitative variables are described as 

mean±standard deviation. The diagnostic accuracy 
of 64-slice CT in the detecting of signi�cant steno-
sis was expressed as sensitivity, speci�city, posi-
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tive predictive value (PPV), and negative predictive 
value (NPV) with their respective 95% con�dence 
interval (CI), using invasive CCA as the “gold stan-
dard”. Inter-observer agreements were expressed 
as Cohen’s kappa statistics.37 SPSS 11.5 software 
(SPSS Incorporation, Chicago, IL, USA) was used.

Results

Out of 186 referred patients, eighteen cases were 
excluded because of previous coronary stenting 
(n=8), elevated creatinine levels (n=5) and arrhyth-
mias (atrial �brillation and extra-systoles) found 
prior to MSCT (n=5). Accordingly, a contrast-en-
hanced 64-slice CT was performed successfully and 
without any complication in 168 patients who were 
scheduled for CCA. Twenty nine patients (17%) 
were already under beta-blocker therapy; however, 
additional administration was needed in 139 (82%) 
to reduce the heart rate prior to scanning. As a re-
sult, the mean heart rate during the scan was 62±11 
beats/min (a target heart rate of. <65 beats/min was 
achieved in all patients). 

Conventional angiographies revealed a total of 
477 hemodynamically signi�cant stenoses, which 
were identi�ed in 122 patients (72%). Of detected 
stenoses, 78 lesions (16%) were totally occluded. In 
addition, while no signi�cant coronary stenosis was 
detected in 46 patients (27%), one, two- and three-
vessel disease were found in 57 patients (34%), 
36 patients (21%), and 29 patients (17%), respec-
tively. Using beta blockers, we could successfully 
overcome motion artifacts in our patient population 
so that the quality of the images was excellent and 
good in 73% and 27% of segments, respectively. 
Thus, no segment was excluded from the analysis 
due to motion artifact. 

Multi-slice CT compared to coronary angiogra-
phy

Concerning MSCT, the kappa values for image 
quality, stenosis detection, and coronary calci�ca-
tion were 0.92, 0.95, and 0.97, respectively which 
revealed an excellent inter-observer agreement. 

Overall, 2520 coronary segments in 168 patients 
could be analyzed by both CCA and 64-slice CT. 
From a total of 477 hemodynamically signi�cant 
stenoses detected by CCA, 453 (95%) lesions were 

recognized correctly with MSCT (Figure 1). Twenty 
four stenoses were missed (n=19) or underestimated 
(n=5) because of severe coronary wall calci�cation. 
No signi�cant stenosis was missed due to motion 
artifact. Moreover, because of important calci�ca-
tion, 40 lesions diagnosed as signi�cant stenoses 
by MSCT were false-positives, and 7 lesions were 
overestimated (Figure 2). Based on segment-by-
segment analysis, 64-slice CT had a sensitivity, 
speci�city, PPV, and NPV of 95.0%, 97.7%, 90.6%, 
and 98.8%, respectively for detecting signi�cant 
stenosis (Table 3).

Regarding a patient-based analysis, 64-slice CT 
correctly identi�ed all patients without CAD and 
120 of 122 (98%) patients with signi�cant stenoses. 
Two patients with 1-vessel signi�cant CAD on the 
distal part of left circum�ex (LCX) and right pos-
terior descending artery (PDA) were considered as 
normal on MSCT. Five patients without important 
stenosis were classi�ed as positive on MSCT re-
garding stenoses found on obtuse marginal (n=2), 
mid-part of right coronary artery (n=1), distal part 
of right coronary artery (n=1), and mid-part of left 
anterior descending artery (n=1). The overall sen-
sitivity, speci�city, PPV, and NPV of 64-slice CT 
for identifying patients with and without CAD were 
98.4%, 89.1%, 96.0%, and 95.3%, respectively (Ta-
ble 3).

A total of 672 arteries could be analyzed. On a 
per-artery basis, 64-slice CT achieved a sensitivity 
of 93.7%, speci�city of 92.7%, PPV of 90.6%, and 
NPV of 95.2% (Table 3).

In�uence of calcium on 64-slice CT accuracy
We examined the accuracy of 64-slice CT for de-

tecting signi�cant stenosis in a given patient accord-
ing to calcium score (AU). We observed that in the 
presence of low (0 to 100 AU), as well as moderate 
(101 to 418 AU) calcium scores, MSCT had a high 
diagnostic accuracy that was shown in a sensitivity 
of 100%, speci�city of 93%, PPV of 97% and NPV 
of 100%. Nonetheless, severe calci�cation (419 to 
8420 AU) remarkably reduced the speci�city and 
NPV of 64-slice CT (Table 4). In our study, calci-
um deposit was found to be responsible for 19 false 
negative and 47 false positive decisions with CT 
(Figure 2); nevertheless, no patient was excluded 
because of poor image quality. 

Coronary Calci�cation and 64-Slice CT
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Discussion

The main �ndings in the current study are two-fold. 
Our primary �nding demonstrates that the 64-slice 
CT coronary angiography provides an accurate non-
invasive method for evaluating coronary arteries. 
This technique with a high sensitivity and speci�c-
ity for the detection of hemodynamically relevant 
coronary artery stenoses can reliably determine the 

presence or absence of ischemic heart disease in 
suspected patients.

The current results are consistent with and ex-
tend those of previous studies comparing 16- and 
64-slice CT scanners with invasive CCA for the 
evaluation of the native coronary system. To the best 
of our knowledge, this study represents the largest 
group of patients with suspected CAD in which the 
64-slice CT and invasive CCA are compared. Re-

n TP TN FP FN Sensitivity Speci�city PPV NPV

Patients’ 168 120 41 5 2 98.4
(93.6-99.7)

89.1
(75.6-95.9)

96.0
(90.4-98.5)

95.3
(82.9-99.2)

Arteries 672 269 357 28 18 93.7
(90.1-96.1)

92.7
(89.5-95.0)

90.6
(86.5-93.5)

95.2
(92.4-97.0)

Coronary segment overall 2520 453 1996 47 24 95.0
(92.5-96.7)

97.7
(96.9-98.3)

90.6
(87.6-92.9)

98.8
(98.2-99.2)

LM 168 11 157 0 0 100
(67.9-100)

100
(97.0-100)

100
(67.9-100)

100
(97.0-100)

LAD 504 149 345 6 4 97.4
(93.0-99.2)

98.3
(96.1-99.3)

96.1
(91.4-98.4)

98.9
(96.9-99.6)

Proximal 168 82 86 0 0 100
(94.4-100)

100
(94.7-100)

100
(94.4-100)

100
(94.7-100)

Mid- 168 65 100 2 1 98.5
(90.7-99.9)

98.0
(92.4-99.7)

97.0
(88.7-99.5)

99.0
(93.0-99.9)

Distal 168 2 159 4 3 40.0
(7.3-83.0)

97.5
(93.4-99.2)

33.3
(6.0-75.9)

98.1
(94.3-99.5)

1st diagonal 168 31 129 4 4 88.6
(72.3-96.3)

97.0
(92.0-99.0)

88.6
(72.3-96.3)

97.0
(92.0-99.0)

2nd diagonal 168 7 152 7 2 77.8
(40.2-96.1)

95.6
(90.8-98.1)

50.0
(24.0-76.0)

98.7
(94.9-99.8)

LCX 336 93 230 8 5 94.9
(87.9-98.1)

96.6
(93.2-98.4)

92.1
(84.5-96.3)

97.9
(94.8-99.2)

Proximal 168 57 106 5 0 100
(92.1-100)

95.5
(89.3-98.3)

91.9
(81.5-97.0)

100
(95.6-100)

Distal 168 36 124 3 5 87.8
(73.0-95.4)

97.6
(92.7-99.4)

92.3
(78.0-98.0)

96.1
(90.7-98.6)

Obtuse marginal 168 32 127 7 2 94.1
(78.9-99.0)

94.8
(89.1-97.7)

82.1
(65.9-91.9)

98.4
(93.9-99.7)

RCA 504 97 389 13 5 95.1
(88.4-98.2) 96.8 (94.4-98.2) 88.2

(80.3-93.3)
98.7

(96.9-99.5)

Proximal 168 34 134 0 0 100
(87.4-100)

100
(96.5-100)

100
(87.4-100)

100
(96.5-100)

Mid- 168 43 113 10 2 95.6
(83.6-99.2)

91.9
(85.2-95.8)

81.1
(67.6-90.1)

98.3
(93.2-99.7)

Distal 168 20 142 3 3 87.0
(65.3-96.6)

97.9
(93.6-99.5)

87.0
(65.3-96.6)

97.9
(93.6-99.5)

PLA 168 21 144 2 1 95.5
(75.1-99.8)

98.6
(94.6-99.8)

91.3
(70.5-98.5)

99.3
(95.6-100)

Right PDA 168 8 159 0 1 88.9
(50.7-99.4)

100
(97.1-100)

100
(59.8-100)

99.4
(96.0-100)

Left PDA 168 4 164 0 0 100
(39.6-100)

100
(97.1-100)

100
(39.6-100)

100
(97.1-100)

FN=false negative; FP=false positive; LAD=left anterior descending artery; LCX=left circum�ex; LM=left main; NPV=negative predictive 
value; PLA=postero-lateral artery; PPV=positive predictive value; RCA=right coronary artery; PDA=posterior descending artery; TN=true 
negative; TP=true positive

Table 3. Diagnostic accuracy of 64-slice CT coronary angiography for detecting signi�cant stenoses in coronary arteries
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cently, Hamon et al.38 performed a meta-analysis 
based on 29 published studies (2024 patients) com-
paring MSCT (>16-slice scanners) with invasive 
CCA for the assessment of coronary arteries and re-
ported an overall per-segment sensitivity and speci-
�city of 81% and 93%, respectively. This study also 
reported an overall per-patient sensitivity of 93%, 
with a speci�city of 74%, across the literature. With 
the use of 16-slice technology, sensitivities for the 
identi�cation of signi�cant lesions were between 
63 – 96% with speci�cities between 65 – 99%. 

With regard to the assessment of the coronary ar-
teries, 64-slice technology with improved temporal 
and spatial resolution showed a higher accuracy for 
the detection of signi�cant stenoses compared with 
previous scanner generations (sensitivities were be-
tween 64 – 99% and speci�cities were between 94 
– 98%). Similar to the results of previous studies 
employing 64-slice CT,25–33 we found a high diag-
nostic accuracy for MSCT in the assessment of the 
coronary segments (sensitivity of 95% and speci�c-
ity of 98%), close to that of angiography. However, 

A B

C D E

GF
Figure 1. 64-slice CT and coronary angiography in a 66-year-old male referred for suspected CAD. Arrows indicate a signi�cant 

stenosis in the mid-portion of the left anterior descending artery which was depicted by VTR (A) and curved MPR (C). The lesion 
was con�rmed by invasive angiography (F). VTR (A) and MPR (D) show patency of the left circum�ex artery, which was validated 

by invasive angiography (F). The right coronary artery of the same patient was non-diseased as illustrated by VTR (B) and MRP (E). 
The �nding was con�rmed by invasive angiography (G). MPR=multiplanar reconstruction; VTR=volume rendering reconstruction.

Coronary Calci�cation and 64-Slice CT
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in contrast to some of the prior studies in which 
motion artifacts were signi�cant sources of false-
positive and false-negative interpretations, we suc-
cessfully eliminated the effect of cardiac motion on 
image quality by administration of a beta-blocker 
prior to the CT exam, so that no segment needed 
to be excluded because of motion artifacts. Further-
more, in view of the fact that small lesions are rarely 
considered important clinically and as a target for 
an intervention, we evaluated barely arteries which 

were >1.5 mm in diameter (as with several previous 
studies). In fact, we sought to determine the accu-
racy of 64-slice CT for the detection of clinically 
signi�cant coronary stenoses.

The second major �nding of our study was that de-
spite using smaller voxel size in 64-slice scanners 
has reduced partial volume effects, image quality 
is signi�cantly in�uenced by the presence of se-
vere calci�cation. This explains the observation that 
in 100% (71 of 71) of misinterpreted segments by 
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Figure 2. Comparative left anterior descending artery imaging of a 55 year-old man who presented with exertional chest pain. 
(A, B) The hyperdense area in the proximal segment (arrowheads) was incorrectly reported on MSCT as signi�cant stenosis due 
to severe calci�cation (840 Agatston units). (C) Reveals normal coronary angiography. CX=circum�ex artery; D=diagonal branch; 

LAD=left anterior descending artery; LM=left main coronary artery; OM=obtuse marginal branch; S=septal branch.       
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MSCT, severe calci�cation was the culprit in poor 
image quality. In patients with high (>419 U) Ag-
atston scores, diagnostic accuracy was lower (83%) 
as compared with patients with low and moderate 
(<419 U) Agatston scores (98%) (Table 4). The 
present �nding is also consistent with previous 
similar studies.29,39,40 Raff et al.29 found a signi�-
cant reduction in speci�city and NPV in the pres-
ence of extreme calci�cation (401 – 1804 U).  Gao 
et al.39 showed that severe coronary artery calci�-
cation (�100 U) degraded the diagnostic speci�city 
and PPV of 64-slice CT, and Ong et al.40 reported a 
signi�cant deterioration of accuracy in patients with 
moderate to heavy calci�cation (�142 U). More-
over, Weustink et al.41 compared the high-speed 
dual-source CT scanner (DSCT) with invasive CCA 
and concluded that in patients with high Agatston 
scores (927±727), diagnostic accuracy was lower 
than those of patients with low (17±27) and moder-
ate (198±96) scores. This similarity reveals that se-
vere calci�cation continues to be a challenging issue 
with the 64-slice CT scanner despite considerable 
technological improvements.

Study limitations 
Despite several advantages, CT coronary angiog-

raphy still has shortcomings which make it unquali-
�ed to be considered as a practical alternative to 

invasive CCA in daily practice. First, the technique 
exposes the patients to a rather high radiation dose. 
Although the effective dose for 64-slice CT has 
been reduced signi�cantly by application of tube 
modulation (17.8 to 12.2 mSv),26,28  compared with 
the effective dose in invasive CCA (3 to 10 mSv),42  
it still remains relatively high. However, most of our 
patients were older than 55 years, and it has been 
demonstrated that the risk of developing radiation-
induced tumors is less signi�cant in older patients.43  
Secondly, MSCT should not be performed in pa-
tients with renal failure or those with contraindica-
tions to iodinated contrast agents. Thirdly, owing to 
the degradation of the image quality by cardiac mo-
tion, patients in atrial �brillation and those with con-
traindications to beta-blockers cannot be accurately 
studied. Next, severe calci�cation and metal clip ar-
tifacts preclude accurate assessment with MSCT. Fi-
nally, as opposed to invasive CCA, MSCT is merely 
a diagnostic tool and cannot provide an option for 
immediate intervention.

In addition to the inherent limitations of MSCT, 
there are drawbacks in this study which should be 
taken into account. Our study was performed in a 
selected population consisting of symptomatic pa-
tients who were scheduled for catheterization, which 
translated into a high prevalence of CAD in this 
population. This was con�rmed by the fact that in-

Sensitivity Speci�city PPV NPV Accuracy

Patients’ calcium scores*

0–100 (n= 99) 72/72 (100%) 25/27 (93%) 72/74 (97%) 25/25 (100%) 97/99 (98%)

 101–418 (n= 45) 31/31 (100%) 13/14 (93%) 31/32 (97%) 13/13 (100%) 44/45 (98%)

419–8420 (n= 24) 17/19 (89%) 3/5 (60%) 17/19 (89%) 3/5 (60%) 20/24 (83%)

Calcium rating: Arteries

None 112/115 (97%) 178/182 (98%) 112/116 (97%) 178/180 (98%) 290/298 (97%)

Mild 31/33 (94%) 50/53 (94%) 31/34 (91%) 50/52 (96%) 81/86 (94%)

Moderate 35/40 (87.5%) 57/61 (93.5%) 35/39 (90%) 57/62 (92%) 92/101 (91%)

Severe 91/99 (92%) 72/89 (81%) 91/108 (84%) 72/80 (90%) 163/188 (87%)

Calcium rating: Segments

None 167/172 (97%) 1273/1278 (99%) 167/172 (97%) 1273/1278 (99%) 1440/1450 (99%)

Mild 88/88 (100%) 273/275 (99%) 88/90 (98%) 273/273 (100%) 361/363 (99%)

Moderate 59/66 (89%) 120/126 (95%) 59/65 (91%) 120/127 (94%) 179/192 (93%)

Severe 139/151 (92%) 330/364 (91%) 139/173 (80%) 330/342 (96%) 469/515 (91%)

 *Calcium score are in Agatston units. PPV=positive predictive value, NPV=negative predictive value.

Table 4. The effect of coronary calci�cation on diagnostic accuracy of 64-slice CT
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vasive CCA could detect at least one stenosis in 71% 
(120/162) of our patients. This might have resulted 
in an overestimation of PPV and NPV and these val-
ues may differ in asymptomatic subjects with lower 
occurrences of obstructive coronary disease. Thus, 
accuracy of the 64-slice CT for the evaluation of as-
ymptomatic patients remains to be demonstrated in 
further investigations. Furthermore, although it may 
not be important clinically, we barely evaluated ar-
teries of >1.5 mm in diameter which lead to the ex-
clusion of limited number of segments. 

Conclusion

This study reveals that contrast-enhanced 64-slice 
CT provides a non-invasive and robust tool for the 
assessment of clinically signi�cant CAD with an 
excellent diagnostic accuracy. The very high NPV 
observed in this study suggests that 64-slice CT 
could be suitably used as a screening test for ruling 
out hemodynamically signi�cant stenosis. However, 
this method still has some shortcomings, including 
reduced accuracy in the presence of heavy coronary 
calci�cation, which limit it as a practical alternative 
to invasive CCA in daily practice. Further studies 
evaluating the diagnostic importance of the new-
est generation of MSCT with a larger sample size, 
including patients with low and moderate pre-test 
probability of CAD will be critical to provide guide-
lines for the clinical use of spiral CT coronary imag-
ing.

References

1. Lopez AD, Mathers CD, Ezzati M, Jamison D, 
Murray CJL, eds. Global Burden of Disease and 
Risk Factors. Oxford, England, Oxford University 
Press and Washington, DC: The World Bank; 2006. 

2. Thom T, Haase N, Rosamond W, Howard VJ, 
Rumsfeld J, Manolio T, et al. Heart disease and 
stroke statistics--2006 update: A report from the 
American Heart Association Statistics Committee 
and Stroke Statistics Subcommittee. Circulation. 
2006; 113: e85 – e151.

3. Scanlon PJ, Faxon DP, Audet AM, Carabello B, 
Dehmer GJ, Eagle KA, et al. ACC/AHA guidelines 
for coronary angiography: a report of the American 
College of Cardiology/American Heart Association 
Task Force on practice guidelines (Committee on 
Coronary Angiography). J Am Coll Cardiol. 1999; 

33: 1756 – 1824.
4. Achenbach S. Computed tomography coronary 

angiography. J Am Coll Cardiol. 2006; 48: 1919 – 
1928.

5. Nieman K, Cademartiri F, Lemos PA, Raaijmakers 
R, Pattynama PM, de Feyter PJ. Reliable noninva-
sive coronary angiography with fast submillimeter 
multislice spiral computed tomography. Circula-
tion. 2002; 106: 2051 – 2054.

6. Hoffmann U, Moselewski F, Cury RC, Ferencik M, 
Jang IK, Diaz LJ, et al. Predictive value of 16-slice 
multidetector spiral computed tomography to de-
tect signi�cant obstructive coronary artery disease 
in patients at high risk for coronary artery disease. 
Patient- versus segment-based analysis. Circula-
tion. 2006; 110: 2638 – 2643.

7. Kuettner A, Trabold T, Schroeder S, Feyer A, Beck 
T, Brueckner A, et al. Noninvasive detection of 
coronary artery lesions using 16-detector multislice 
computed tomography technology. J Am Coll Car-
diol. 2004; 44: 1230 – 1237.

8. Martuscelli E, Romagnoli A, D’Eliseo A, Razzini 
C, Tomassini M, Sperandio M, et al. Accuracy of 
thin-slice computed tomography in the detection of 
coronary stenosis. Eur Heart J. 2004; 25: 1043 – 
1048.

9. Mollet NR, Cademartiri F, Nieman K, Saia F, 
Lemos PA, McFadden EP, et al. Multislice spiral 
computed tomography coronary angiography in 
patients with stable angina pectoris. J Am Coll Car-
diol. 2004; 43: 2265 – 22670.

10. Cademartiri F, Runza G, Marano R, Luccichenti 
G, Gualerzi M, Brambilla L, et al. Diagnostic ac-
curacy of 16-row multislice CT angiography in 
the evaluation of coronary segments. Radiol Med. 
2005; 109: 91 – 97.

11. Hoffmann MH, Shi H, Schmitz BL, Schmid FT, Li-
eberknecht M, Schulze R, et al. Noninvasive coro-
nary angiography with multislice computed angi-
ography. JAMA. 2005; 293: 2471 – 2478.

12. Kaiser C, Bremerich J, Haller S, Brunner-La Rocca 
HP, Bongartz G, P�sterer M, et al. Limited diag-
nostic yield of noninvasive coronary angiography 
by 16-slice multi-detector spiral computed tomog-
raphy in routine patients referred for evaluation of 
coronary artery disease. Eur Heart J. 2005; 26: 
1987 – 1992.

13. Kuettner A, Beck T, Drosch T, Kettering K, Heu-
schmid M, Burgstahler C, et al. Image quality and 
diagnostic accuracy of noninvasive coronary imag-
ing with 16 detector slice spiral computed tomogra-
phy with 188 ms temporal resolution. Heart. 2005; 
91: 938 – 941.

14. Kuettner A, Beck T, Drosch T, Kettering K, Heus-

I. Nazeri, P. Shahabi, M. Tehrai, et al.



Archives of Iranian Medicine, Volume 13, Number 5, September 2010382

chmid M, Burgstahler C, et al. Diagnostic accuracy 
of noninvasive coronary imaging using 16-detec-
tor slice spiral computed tomography with 188 ms 
temporal resolution. J Am Coll Cardiol. 2005; 45: 
123 – 127.

15. Mollet NR, Cademartiri F, Krestin GP, McFadden 
EP, Arampatzis CA, Serruys PW, et al. Improved 
diagnostic accuracy with 16-row multi-slice com-
puted tomography coronary angiography. J Am 
Coll Cardiol. 2005; 45: 128 – 132.

16. Morgan-Hughes GJ, Roobottom CA, Owens PE, 
Marshall AJ. Highly accurate coronary angiogra-
phy with submillimeter, 16 slice computed tomog-
raphy. Heart. 2005; 91: 308 – 313.

17. Probst C, Kovacs A, Schmitz C, Schiller W, Schild 
H, Welz A. Quanti�cation of coronary artery steno-
sis with 16-slice MSCT in patients before CABG 
surgery: comparison to standard invasive coronary 
angiography. Heart Surg Forum. 2005; 8: E42 – 
E46.

18. Schuijf JD, Bax JJ, Salm LP, Jukema JW, Lamb HJ, 
van der Wall EE, et al. Noninvasive coronary imag-
ing and assessment of left ventricular function us-
ing 16-slice computed tomography. Am J Cardiol. 
2005; 95: 571 – 574.

19. Rødevand O, Høgalmen G, Gudim LP, Indrebø T, 
Mølstad P, Vandvik PO. Limited usefulness of non-
invasive coronary angiography with 16-detector 
multislice computed tomography at a community 
hospital. Scand Cardiovasc. 2006; J40: 76 – 82.

20. Reant P, Brunot S, La�tte S, Serri K, Leroux L, 
Corneloup O, et al. Predictive value of noninvasive 
coronary angiography with multidetector comput-
ed tomography to detect signi�cant coronary ste-
nosis before valve surgery. Am J Cardiol. 2006; 97: 
1506 – 1510.

21. Nikolaou K, Rist C, Wintersperger BJ, Jakobs TF, 
van Gessel R, Kirchin MA, et al. Clinical value of 
MDCT in the diagnosis of coronary artery disease 
in patients with a low pretest likelihood of signif-
icant disease. AJR Am J Roentgenol. 2006; 186: 
1659 – 1668.

22. Garcia MJ, Lessick J, Hoffmann MH, CATSCAN 
Study Investigators. Accuracy of 16-row multide-
tector computed tomography for the assessment of 
coronary artery stenosis. JAMA. 2006; 296: 403 – 
411.

23. Cordeiro MA, Miller JM, Schmidt A, Lardo AC, 
Rosen BD, Bush DE, et al. Noninvasive half-milli-
meter 32-detector-row CT angiography accurately 
excludes signi�cant stenoses in patients with ad-
vanced coronary artery disease and high calcium 
score. Heart. 2006; 92: 589 – 597.

24. Lim MC, Wong TW, Yaneza LO, De Larrazabal C, 

Lau JK, Boey HK. Non-invasive detection of sig-
ni�cant coronary artery disease with multi-section 
computed tomography angiography in patients 
with suspected coronary artery disease. Clin Ra-
diol. 2006; 61: 174 – 180.

25. Leber AW, Knez A, von Ziegler F, Becker A, Niko-
laou K, Paul S, et al. Quanti�cation of obstructive 
and nonobstructive coronary lesions by 64-slice 
computed tomography. J Am Coll Cardiol. 2005; 
46: 147 – 154.

26. Leschka S, Alkadhi H, Plass A, Desbiolles L, 
Grünenfelder J, Marincek B, et al. Accuracy of 
MSCT coronary angiography with 64-slice tech-
nology: �rst experience. Eur Heart J. 2005; 26: 
1482 – 1487.

27. Mollet NR, Cademartiri F, van Mieghem CA, Run-
za G, McFadden EP, Baks T, et al. High-resolution 
spiral computed tomography coronary angiography 
in patients referred for diagnostic conventional cor-
onary angiography. Circulation. 2005; 112: 2318 
– 2323.

28. Pugliese F, Mollet NR, Runza G, van Mieghem C, 
Meijboom WB, Malagutti P, et al. Diagnostic ac-
curacy of non-invasive 64-slice CT coronary angi-
ography in patients with stable angina pectoris. Eur 
Radiol. 2005; 16: 575 – 582.

29. Raff GL, Gallagher MJ, O’Neill WW, Goldstein 
JA. Diagnostic accuracy of noninvasive coronary 
angiography using 64-slice spiral computed to-
mography. L Am Coll Cardiol. 2005; 46: 522 – 527.

30. Schuijf JD, Pundziute G, Jukema JW, Lamb HJ, 
van der Hoeven BL, de Roos A, et al. Diagnostic 
accuracy of 64-slice multislice computed tomog-
raphy in the non-invasive evaluation of signi�cant 
coronary artery disease. Am J Cardiol. 2006; 98: 
145 – 148.

31. Ropers D, Rixe J, Anders K, Küttner A, Baum U, 
Bautz W, et al. Usefulness of multidetector row spi-
ral computed tomography with 64- × 0.6-mm col-
limation and 330-ms rotation for the noninvasive 
detection of signi�cant coronary artery stenoses. 
Am J Cardiol. 2006; 97: 343 – 348.

32. Ehara M, Surmely JF, Kawai M, Katoh O, Mat-
subara T, Terashima M, et al. Diagnostic accuracy 
of 64-slice computed tomography for detecting an-
giographically signi�cant coronary artery stenosis 
in an unselected consecutive patient population—
comparison with conventional invasive angiogra-
phy. Circ J. 2006; 70: 564 – 571.

33. Nikolaou K, Knez A, Rist C, Wintersperger BJ, 
Leber A, Johnson T, et al. Accuracy of 64-slice 
MDCT in the diagnosis of ischemic heart disease. 
AJR Am J Roentgenol. 2006; 187: 111 – 117. 

34. Menzal HG, Teunen D, eds. European Guidelines 

Coronary Calci�cation and 64-Slice CT



Archives of Iranian Medicine, Volume 13, Number 5, September 2010 383

on Quality Criteria for Computed Tomography. 
Luxembourg:  European Commission. Publication 
N°. EUR 16262 EN, 2000.

35. Austen WG, Edwards JE, Frye RL, Gensini GG, 
Gott VL, Grif�th LS, et al. A reporting system on 
patients evaluated for coronary artery disease. Re-
port of the Ad Hoc Committee for Grading of Cor-
onary Artery Disease, Council on Cardiovascular 
Surgery, American Heart Association. Circulation. 
1975; 51: 5 – 40.

36. Agatston AS, Janowitz WR, Hildner FJ, Zusmer 
NR, Viamonte M Jr, Detrano R. Quanti�cation of 
coronary artery calcium using ultrafast computed 
tomography. J Am Coll Cardiol. 1990; 15: 827 – 
832.

37. Cohen J. A coef�cient of agreement for nominal 
scales. Educ Psychol Meas. 1960; 20: 37 – 46.

38. Hamon M, Biondi-Zoccai GG, Malagutti P, Agos-
toni P, Morello R, Valgimigli M, et al. Diagnostic 
performance of multislice spiral computed tomog-
raphy of coronary arteries as compared with con-
ventional invasive coronary angiography: a meta-
analysis. J Am Coll Cardiol. 2007; 48: 1896 – 1910.

39. Gao M, Sun H, Ma ZH, Zhang L, Yang X, Xue Y. 

The impacts of coronary artery calcium on the diag-
nostic accuracy in detecting stenoses using 64-slice 
computed tomography. American Heart Associa-
tion; Scienti�c Session; 2007 Nov 4 – 7; Orlando, 
FL, USA. (abst) 

40. Ong TK, Chin SP, Liew CK, Chan WL, Seyfarth 
MT, Liew HB, et al. Accuracy of 64-row multi-
detector computed tomography in detecting coro-
nary artery disease in 134 symptomatic patients: 
in�uence of calci�cation. Am Heart J. 2006; 151: 
1323e1 – 1323e6.

41. Weustink AC, Meijboom WB, Mollet NR, Ot-
suka M, Pugliese F, van Mieghem C, et al. Reli-
able high-speed coronary computed tomography in 
symptomatic patients. J Am Coll Cardiol. 2007; 50: 
786 – 794.

42. Morin RL, Gerber TC, McCollough CH. Radiation 
dose in computed tomography of the heart. Circu-
lation. 2003; 107: 917 – 922.

43. Einstein AJ, Henzlova MJ, Rajagopalan S. Estimat-
ing risk of cancer associated with radiation expo-
sure from 64-slice computed tomography coronary 
angiography. JAMA. 2007; 298: 317 – 323.

I. Nazeri, P. Shahabi, M. Tehrai, et al.


