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Abstract The aim of this study was
to investigate the accuracy of multi-
detector-row cardiac CT (MDCT),
calcium scoring (Ca-Sc), and MDCT
coronary angiography (MD CTA) in
the assessment of coronary athero-
sclerosis. Thirty-eight patients un-
derwent invasive coronary angiogra-
phy (CA) and MDCT (collimation
4¥1 mm, pitch 1.5 mm, TI 500 ms,
120 kV, 300 mAs, and retrospective
ECG-gating). Calcium scoring was
calculated for the total coronary ar-
tery territory and for RCA, LCA, and
LCX separately. The MD CTA
served to assess the degree and the
localization of stenoses. All findings
were compared to invasive coronary
angiography. Approximately 68.4%
(390 of 570) of all coronary seg-
ments could be visualized by MDCT.
Correlation coefficient for MD CTA
and CA amounted to r=0.58, show-
ing distinct differences for the indi-
vidual segments. Proximal segments
generally showed better correlation
(range 0.81–0.77) than medial seg-
ments (range 0.91–0.20), distal seg-
ments (range 0.55–0.04), or side
branches (range 0.76–0.00). Patients

with hemodynamically relevant
(>75%) stenoses were detected by
MD CTA with 72.2% sensitivity 
(13 of 18) and 100% specificity 
(20 of 20). For Ca-Sc sensitivity
ranged between 94.7% (17 of 18)
and 66.7% (12 of 18), specificity 
between 20% (4 of 20) and 80% 
(16 of 20) respectively, depending 
on the prevailing cutoff value. 
Combination of both methods led to
83.3% sensitivity (15 of 18) and
100% specificity (20 of 20), reaching
no level of significance as compared
with Ca-Sc (p=0.73) or MD CTA
(p=0.23) alone. Calcium scoring as 
a single method showed highest 
sensitivity in the detection of coro-
nary atherosclerosis but at the ex-
pense of low specificity. In patients
with no or moderate calcifications,
combination with MD CTA helped
to distinctly increase specificity and
NPV
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Introduction

Calcifications of the coronary artery wall are regarded as
a recognized marker of coronary atherosclerosis [1].
Electron-beam CT (EBCT) and more recently multide-
tector-row spiral CT [2, 3, 4, 5, 6, 7] are particularly sen-
sitive in detecting coronary calcifications [8]. These non-

invasive imaging techniques consequently are becoming
increasingly important as adjuvant diagnostic modalities
in the early detection of coronary atherosclerosis [8];
however, the actual validity of the technique is discussed
controversially [9]. First of all, because extent and site of
calcifications does not always equate with the site-spe-
cific stenosis [10]. Secondly, as it is rather the non-calci-
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fied—and therefore to native CT scans invisible—
atherosclerotic plaque that causes an acute cardiac inci-
dent by spontaneous rupture [11, 12]. Finally, because
sensitivity and specificity of calcium scoring show a
broad variance, depending on who performed the exami-
nation, what “cut-off” for hemodynamically relevant ste-
noses was chosen, how hemodynamically relevant steno-
sis was defined, and which population was examined. In
a recent review of the literature, performed by Stanford
and Thompson [8] ranges between 50 and 100% for sen-
sitivity, and between 44 and 95% for specificity, respec-
tively, were observed [8, 11, 12]. The multidetector-row
CT (MDCT), in contrast to EBCT, due to an improved
in-plane and z-resolution [13, 14, 15], for the first time
allows CT-coronary angiography under reasonable clini-
cal circumstances and thus renders possible visualization
even of non-calcified plaques [16, 17, 18]. The aim of
this study, therefore, was to investigate the accuracy of
both MDCT coronary angiography (MDCTA) in the as-
sessment of coronary artherosclerosis.

Study design and patient characteristics

Between December 2000 and April 2002, 38 consecutive
patients (30 males and 8 females) with symptomatic but
atypical chest pain underwent both MDCT and coronary
angiography (CA). Inclusion criteria were an intermedi-
ate pretest (i.e., pre MDCT-) likelihood for coronary ar-
tery disease (CAD) [19], but at the same time symptom-
atic chest pain. Intermediate pretest likelihood for CAD
described a combination of atypical clinical presentation
and inconclusive (stress-) ECG findings, risk factor pro-
files (i.e., hypertension, diabetes mellitus, nicotine
abuse, presence of familial coronary atherosclerosisosis,
cholesterol, high HDL, and low LDL) respectively. Pa-
tients’ characteristics are displayed in Table 1. The mean
time interval between both examinations totaled 17 days
(range 7–23 days). Evaluation of the data was performed

in accordance with the policies set by our internal insti-
tutional medical review board and all patients had given
written informed consent before the examination.

Data acquisition

All MDCT scans derived from a multidetector-row spiral
CT (Somatom Plus 4 VolumeZoom, WIP version VA
20/21, Siemens, Forchheim, Germany). Patients with av-
erage heart rates higher than 70 bpm previously received
a short-lasting beta-blocker (Brevibloc, 100 mg,
1 ml/10 kg b.w.) in order to obtain rates of 60 bpm or
less. Each patient received a plain and a contrast-en-
hanced examination. Scanning parameters were 120 kV
and 300 mAs, 500-ms rotation time, 4¥2.5 collimation,
and 3.8-mm table feed per rotation for the plain series,
120 kV and 300 mAs, 500-ms rotation time, 4¥1-mm
slice collimation, and 1.5-mm table feed per rotation for
the contrast enhanced series, respectively.

All patients received 140–160 ml of a non-ionic con-
trast medium (370 mg I/ml, Ultravist, Schering, Berlin,
Germany) through an 18-G intravenous antecubital cath-
eter infused with a flow rate of 3.5 ml/s. Start delay was
determined by using bolus-triggering technique in the as-
cending aorta (30 ml contrast medium at a flow rate of
3.5 ml/s).

Image reconstruction

Image reconstruction was performed by using retrospec-
tive ECG gating [13, 20]. Reconstruction parameters were
220-mm FOV, 1.25-mm effective slice thickness, 0.5-mm
increment and kernel B35, and a medium soft tissue ker-
nel. For image reconstruction the adaptive cardiac volume
reconstruction algorithm (ACV) was used, which is stan-
dardized and provided on the VA 21 software of the Sie-
mens Plus 4 VZ CT. Maximum temporal resolution using
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Table 1 Patient characteristics
and coronary artery disease 
risk factors. LDL low-density
lipoprotein, HDL high-density
lipoprotein

Number Mean Maximum Minimum

Patients 38
Male 30
Female 8
Age (years) 61.9 65 29
Weight (kg) 86.7 125 62
Height (cm) 174.9 192 155
Heart rate (bpm) 71.3 103 49
Blood pressure (systolic/diastolic) 131/75 203/96 100/40
Hypertension (RR>160/90) 31
Diabetes mellitus 13
Nicotin abuse (>1pack/day) 29
Familial coronary artery disease 26
Cholesterol (mg/dl) 28 220 305 127
LDL (mg/dl) 98.7 181 72
HDL (mg/dl) 49.2 99 22



this technique amounted to 125 ms. Each data set was re-
constructed at multiple time points between the late systo-
le (i.e., ascending t-wave) and the late diastole (i.e., begin-
ning of p-wave) [21], differing from each other by 50 ms.
Image reconstruction was always performed antegrade
and absolute in relation to the previous R-peak.

Image evaluation

Multidetector-row cardiac CT image evaluation was
done on a workstation (Wizzard, Plus4 Volume Zoom,
Siemens, Erlangen, Germany) by using transverse scans
and multiplanar reformations (MPR) with a matrix of
512¥512 each. All data sets were blinded and subse-
quently assessed by two independent observers. Criteria
to be analyzed were the number of segments visible on
CT scans, the segmental atherosclerotic plaque load and
degree of stenosis, the plaque composition, and the pre-
vailing calcium score.

Visibility determined if a coronary artery segment
could be properly evaluated or not.

The segmental plaque load was assessed following the
classifications of the American Heart Association (AHA),
which subdivide the coronary artery territory into 15 seg-
ments and distinguish between six different degrees of
atherosclerosis [22]: (a) irregular wall outline with <25%
stenosis; (b) slight stenosis (25–50%); (c) moderate steno-
sis (51–74%); (d) hemodynamically relevant stenosis
(75%–89%); subtotal stenosis (90–99%); and (e) vascular
occlusion (100%). Using a semi-automated distance mea-
suring tool (Vessel navigator, Wizzard workstation, WIP
version, Somatom Plus 4 VolumeZoom VA 21, Siemens,
Erlangen, Germany), the prevailing maximal degree of
stenosis was ascertained on multiplanar reformations.

Concerning plaque composition it was differed be-
tween calcified and non-calcified atherosclerotic
plaques. Plaques with a mean density >130 HU were re-
garded as calcified, plaques with a mean density
<130 HU as non-calcified [16].

Calcium score was calculated using a semi-automati-
cally software (Calcium scoring, Wizzard workstation,
Somatom Plus 4 VolumeZoom VA 21, Siemens, Erlan-
gen, Germany). Calcium score measurements were made
according to the method of Agatston et al. [24].

All findings were compared with corresponding cor-
onary angiograms, which had been performed in differ-
ent technical systems using the Judkins technique. At
least four views of the left and two views of the right
coronary artery system were analyzed by an experienced
cardiologist who was trained in this technique. In order
to avoid recall bias the observer had no knowledge of
the CT results.

Plaque composition and visibility of coronary artery
segments on coronary angiograms were described as ei-
ther being calcified or non-calcified, visible or non-visi-

ble, respectively. The maximum degree of stenosis was
determined visually.

Statistical analysis

Statistical analysis was performed by using SPSS (ver-
sion 10.0, SPSS, Chicago, Ill.) and BiAS (version 7.0,
Epsilon Publishers, Mannheim, Germany).

All patient baseline characteristics were calculated as
means±SD.

The number of coronary segments visible on MDCT
scans were calculated in proportion to the segments ob-
served on coronary angiograms. It was differed between
proximal (segments 1, 5, 6, and 11), medial (segments 2,
3, 7, and 13) and distal segments (segments 4, 8, and 15)
as well as side branches (segments 9, 10, 12, and 14).

Correlation between angiography (CA) and MDCT
coronary angiography (MDCTA) regarding detection and
grading of atherosclerotic plaques was evaluated by 
using Pearsons’ correlation. Results were interpreted 
as either poor (r<0.20), fair (r=0.21–0.40), moderate
(r=0.41–0.60), good (r=0.61–0.80), very good (r=
0.81–0.90), or excellent (r=0.91–1.00). Bowkers’ test
was applied to check the symmetry of the data distribu-
tion and to evaluate possible under/overestimation
through MDCTA [23]. Correlation coefficients were cal-
culated for all segments in total and for side branches,
proximal, medial, and distal segments as well as for
RCA, LCA, and LCX separately.

Sensitivity, specificity, and positive and negative pre-
dictive values of MD CTA in the detection of hemody-
namically relevant stenoses (HRS) was determined on
cross tables. The HRS defined stenosis >75% on the an-
giogram [22], i.e., AHA groups IV, V, and VI. A 95%
contingency interval (CI), calculated by a standard meth-
od, was assigned to each value.

The agreement between investigators for MDCTA
was calculated by means of Cohen’s k statistic, interpret-
ing the results according to the k value as poor (k<0.20),
fair (k=0.21–0.40), moderate (k=0.41–0.60), good
(k=0.61–0.80), very good (k=0.81–0.90), or excellent
(k=0.91–1.00). A 95% CI, calculated by a standard
method, was assigned to each calculated k value.

Corelation between amount of calcium score (Ca-Sc)
and extent of coronary artery disease (CAD) in total was
obtained from a Kruskal-Wallis test for non-parametric
data. In order to do so each patient was subdivided into
one of four separate groups—no signs of atherosclerosis,
single-, two-, or three-vessel disease—according to the
individual CA findings and a mean Ca-Sc for each group
calculated. Single-, two-, or three-vessel disease defined
>75% stenosis in either one, two, or three coronary arte-
ries [22]. The same procedure was performed for the
RCA, LCA, and LCX separately. A p value of <0.05 was
considered statistically significant and a p value of <0.02
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highly significant, respectively. Sensitivity, specificity,
and positive and negative predictive value of Ca-Sc in
the detection of HRS was obtained from cross tables.
Calculations were performed by using both scores >0
and >400 as cut-off values; the latter was chosen in ac-
cordance to the literature [24, 25, 26]. A 95% CI, calcu-
lated by a standard method, was assigned to each calcu-
lated value. Possible other cut-off values for the detec-
tion of HRS were determined by receiver operating char-
acteristics (ROC) analysis.

Finally, Ca-Sc and MDCT findings were combined,
and sensitivity, specificity, and positive and negative pre-
dictive value for the combined results calculated on
cross tables. A 95% CI was assigned to each value and
the results were tested for significance by using c2 con-
tingency tables for comparison with both Ca-Sc and
MDCTA results.

Results

Patient’s demographics and clinical test results are pre-
sented in Table 1. Twenty-seven patients needed beta-
blocker medication prior to scanning. There were no con-
traindications or adverse events in giving the drug. In 7
patients this only had a marginal effect and HR remained
nearly unchanged. The MDCT examinations and coronary
angiography were performed in all patients without any
complications. On MDCT scans 68.4% (390 of 570) of all
coronary segments could be visualized. Of the 180 seg-
ments that were not adequately visible on MDCT scans, 9
(5%) were located proximal, 41 (22.8%) medial, 81
(45.0%) distal, and 49 (27.2%) in side branches. Seventy-
five segments (41. 6%) could not be analyzed due to size
(<1.5 mm), 13 (7.2%) due to heavy calcifications, 3
(1.5%) due to both in combination, and 89 (49.4%) due to
motion artifacts. In total 92.9% (145 of 152) of all proxi-
mal segments, 74.3% (113 of 152) of all medial segments,
28.9% (33 of 114) of all distal segments, and 67.8% (103
of 152) of all side branches could be evaluated.

Correlation coefficients (r) for MDCTA regarding de-
tection and grading of atherosclerosis (AHA I-VI)
ranged between 0.91 and <0.01 and showed distinct seg-
mental differences. Excellent correlation was found for

segment 7 (r=0.91), very good correlation for segments
1 (r=0.82) and 11 (r=0.81), good correlation for seg-
ments 2 (r=0.73), 5 (r=0.77), 6 (r=0.80), 9 (r=0.76), and
12 (r=0.67), moderate correlation for segments 3
(r=0.44) and 8 (r=0.55), fair correlation for segment 13
(r=0.20) and poor correlation for segments 4 (r=0.14),
10 (r=0.19), 14 (r=0.00), and 15 (r=0.04). Total correla-
tion coefficient amounted to 0.58 (p<0.01). Bowker’s
test showed a non-symmetrical data distribution
(p<0.01): As compared with invasive coronary angiogra-
phy MDCTA underestimated 21.2% (121 of 570) and
overestimated 8.6% (49 of 570) of the stenoses.

Patients with hemodynamically relevant (>75%) ste-
noses were detected on MDCTA with 72.2% sensitivity
(13 of 18; 95% CI: 46.5, 90.3%) and 100% specificity
(20 of 20; 95% CI: 86.1, 100%). The PPV amounted to
100% (13 of 13; 95% CI: 79.4, 100%), NPV to 80.0%
(20 of 25; 95% CI: 59.3, 93.2%; Table 2). One HRS was
missed due to motion artifacts and two others due to
small vessel size (<1.5 mm) or heavy calcifications. The
k value between investigators was 0.809 (0.866–0.961)
equivalent to a good agreement.

Kruskal-Wallis test showed a statistically highly sig-
nificant correlation between amount of Ca-Sc and degree
of CAD (p<0.01). Patients (n=20) with no signs of ath-
erosclerosis in CA presented median total scores of 104
(range 0–1459), patients with >75% stenosis and single-
vessel disease (n=12) median scores of 408 (range
0–1873), patients with >75% stenosis and two-vessel
disease (n=3) median scores of 482 (range 23–2450),
and patients with >75% stenosis and three-vessel disease
(n=3) median scores of 3740 (range 2635–4716; Ta-
ble 3). A significant correlation was also found on the
level of the main vascular branches (Table 3).

Patients with hemodynamically relevant stenoses
(>75%) were identified by the pure presence of calcified
plaques (Ca-Sc>0) with 94.4% sensitivity (17 of 18;
95% CI: 72.7, 99.9%) and 20.0% specificity (4 of 20;
95% CI: 5.7, 43.7%). The PPV amounted to 51.5% (17
of 33; 95% CI: 33.5, 69.2%), NPV to 80% (4 of 5; 95%
CI: 28.4–99.5%; Table 2). The ROC analysis revealed no
conclusive cut-off point for predicting the presence of
HRS on the basis of calcium score values, showing an
area beneath the curve of only 0.23 (Fig. 1); thus, a com-
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Table 2 Sensitivity and specificity of calcium scoring (Ca-Sc)
and CT coronary angiography for the detection of hemodynami-
cally relevant stenoses (>75%). Results for each technique alone

and in combination. MDCTA multidetector-row cardiac CT coro-
nary angiography, PPV positive predictive value, NPV negative
predictive value

Sensitivity Specificity PPV NPV

Ca-Sc (>0) 17 of 18 (94.4) 4 of 16 (25.0) 17 of 33 (51.5) 4 of 5 (80.0)
Ca-Sc (>400) 12 of 18 (66.7) 4 of 16 (25.0) 12 of 16 (75.0) 16 of 22 (72.7)
MDCTA 13 of 18 (72.2) 20 of 20 (100) 13 of 13 (100) 20 of 25 (80.0)
MDCTA+Ca-Sc 3 of 15 (20.0) 20 of 20 (100) 15 of 15 (100) 20 of 23 (87.0)

Numbers in parentheses are percentages



monly accepted score value of 400 [25, 26] was chosen
as a suited cut-off point. Using this approach, sensitivity
was 66.7% (12 of 18; 95%; CI 41.0–86.7%), specificity
80% (16 of 20; 95% CI: 56.3–94.3%), PPV 75.0% (12 of
16; 95% CI: 47.6–92.7%), and NPV 72.7% (16 of 22;
95% CI: 49.8–89.3%).

Combination of Ca-Sc and MD CTA led to 83.3% (15
of 18) sensitivity (95% CI: 58.6, 96.4%) and 100% (20 of
20) specificity (95% CI: 86.1, 100%) for the detection of
HRS. The PPV amounted to 100% (15 of 15; 95% CI:
81.9, 100%), NPV to 87.0% (20 of 23; 95% CI:
66.4–97.2%; Table 2). Combination of both methods thus
increased NPV of calcium scoring by 7% and specificity by
80%; however, neither compared with Ca-Sc (p=0.73) nor
to MD CTA (p=0.23), a level of significance was reached.

Discussion

In the present study calcium scoring as a single method
showed the highest sensitivity in the detection of CAD. In
general, high calcium scores more likely predict hemody-

namically relevant stenoses than low scores [1, 9]; howev-
er, determination of a suited cut-off value, allowing both a
highly sensitive and specific identification of hemodynam-
ically relevant stenoses, in our patients’ collective proved
to be difficult. This is a contradiction to other studies,
which previously reported appropriate values [25, 26], and
may be due to the small number of patients examined in
the present study. The guidelines for interpretation of coro-
nary artery calcium scores link EBCT scores greater than
400 in asymptomatic patients with “a high likelihood of
significant coronary stenosis” [25, 26]. In addition, Becker
et al. described a high correlation coefficient between
EBCT and MDCT for all quantification algorithms and
concluded that MDCT should be considered an additional
screening tool for CAD [27]. Using a cut-off value of 400,
in the present study a sensitivity of 67% and a specificity
of 80% was obtained. Similar results were reported by Ag-
atston et al. who verified in a large clinical series that calci-
um scores above 300 predicted severe (e.g., >50%) steno-
ses with 74% sensitivity and 81% specificity [24]; howev-
er, these observations referred only to the 60- to 69-year-
old age group, whereas in younger persons scores of 50
sufficed to predict severe stenoses with comparable sensi-
tivities and specificities, respectively. The patient’s mean
age in our study amounted to 61.9 years.

Although EBCT and MDCT quite sensitively identify
calcified plaques, the problem with calcium scoring is that
the extent and site of calcification often does not always
equate with site-specific stenosis [1]. This may be one of
the reasons for the low sensitivity observed in this study
even if a score of 400 was chosen as cut-off value for he-
modynamically relevant stenosis: 3 patients (17%) with
HRS had scores below 30. Bormann et al. found that cal-
cium scores were not predictive of a significant stenosis at
the calcification site and that no ROC curve could be
found that would suggest a clinically useful calcium score
as an indicator of more than 70% stenosis at the same ana-
tomic site [10]; however, in their trial only one patient had
a significant stenosis in the absence of calcifications.

In a series of 150 patients undergoing EBCT scanning
and coronary angiography in two other institutions, 
Stanford et al. found only one patient with greater than
50% stenosis in the absence of calcification. This fits
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Table 3 Correlation between
degree of coronary heart 
disease (CHD) and amount of
Ca-Sc. Kruskal-Wallis test 
results. RCA right coronary 
artery, LCA left coronary 
artery, LCX left circumflex
branch

Degree of CHD Ca-Sc (range) p value

RCA <75% stenosis 30.4 (0–1306.7) <0.01
>75% stenosis 412.6 (24.9–2287)

LCA <75% stenosis 76.6 (0–1630.1) 0.01
>75% stenosis 531.7 (0–1674)

LCX <75% stenosis 0 (0–441) 0.04
>75% stenosis 133 (0–1357)

Total No vessel >75% stenosis 104 (0–1459) <0.01
1 vessel >75% stenosis 408 (0–1873.7)
2 vessels >75% stenosis 482 (23–2450.6)
3 vessels >75% stenosis 3740 (2635–4716)

Fig. 1 Receiver operating characteristics (ROC) curve for multi-
detector-row CT calcium scoring. Values on the x-axis represent
1-specificity; on the y-axis, the sensitivity. No conclusive cut-off
point for predicting the presence of hemodynamically relevant 
stenoses on the basis of calcium score values could be found. The
area beneath the curve amounts to only 0.23



given anatomic site may be less useful in predicting lu-
minal narrowing identified on coronary angiograms [25].
The present study thus aimed to determine the potential
benefit that additive computerized coronary angiography
may have upon the prediction of significant stenosis. The
MDCTA as a single method correlated poorly with an-
giographic findings in terms of grading the prevailing
atherosclerotic wall changes. Hemodynamically relevant
stenoses also were detected with only 72.2% sensitivity.
Four of the five missed stenoses were either located
within small segments or were hidden by heavy calcifi-
cations: a possible explanation why our results were
worse than those reported by other authors (Table 4) [18,
28, 29, 30, 31, 32], who either concentrated on the proxi-
mal and medial coronary artery segments or excluded
heavy calcified segments from evaluation; however, by
combining calcium scoring and computerized coronary
angiography sensitivity of MDCTA was augmented to
83% (Fig. 2). Even more importantly, specificity and
NPV for calcium scoring could be increased to 100 and
87%, respectively. Both methods in combination thus
were able to identify healthy individuals with high accu-
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Fig. 2a,b Imaging examples of how multidetector-row cardiac CT
coronary angiography (MDCTA) may increase the diagnostic val-
ue of MDCT calcium scoring. All four CT images represent trans-
verse slices with a view from caudal. a Images of a 56-year-old
symptomatic patient with only minor calcifications in the left cor-
onary artery (LCA; calcium score 54) equivalent to a low risk for
significant coronary stenosis. The MDCTA, however, revealed a
>75% stenosis in the medial LCA (segment 7; arrows). Findings
were confirmed by coronary angiography. b A 63-year-old symp-
tomatic patient presenting in the course of preventive care. Calci-
um score was 36, and plaques were restricted to medial and distal
segments of the LCA. The MDCTA and coronary angiography
confirmed the score results by hemodynamically relevant “soft
plaques.” Note that for better orientation, all MDCTA images
above are shown using maximum intensity projection technique.
The MDCTA evaluation, however, was done on multiplanar refor-
mations images and transverse slices

with the results from our institution where also only one
of the 18 patients had an HRS in the absence of calcifi-
cations. Rumberger suggested that the presence of calci-
fications may be used to predict associated atherosclero-
sis somewhere within the coronary artery system with
high sensitivity, but that the extent of calcification at a



racy. All 3 patients in whom an HRS was missed using
this combined approach had their main findings within
small side branches of the LCX. Only 2 patients needed
a PTCA intervention; however, the still insufficient re-
sults regarding sensitivity address the need for scanners
with increased spatial and temporal resolution, such as,
for example, 16-row technology, multi-segment recon-
struction, or flat-panel CT.

The small number of patients included limits the in-
formational value of our results. The authors tried to
make allowance for this by including confidence inter-
vals for all relevant values. Their large variability indi-
cates that accuracy for sensitivity, specificity, NPV, and
PPV is low. This may also explain the difficulty in deter-
mining a suited cut-off calcium score value for hemody-
namically relevant stenoses. Plotting of ROC curves and
determination of sensitivities and specificities, respec-
tively, therefore may be critical; however, the number of
patients per year presenting with symptomatic but atypi-
cal chest pain is small and thus collection of more data is
only feasible over a much longer time period. The results
thus should be considered preliminary and the authors
call for a subsequent, larger prospective multi-center
study.

Despite these limitations, our diagnostic strategy nev-
ertheless has been distinctly altered in a way that symp-
tomatic patients with atypical chest pain and negative or
low (<400) calcium scores now always receive addition-
al MDCTA, whereas symptomatic patients presenting
with atypical chest pain and high (>400) calcium scores
exclusively undergo calcium scoring without any further
examination (Fig. 3). In addition, with reference to the
ACC/AHA consensus document, no patient receives di-
agnostic cardiac MDCT without in-depth previous clini-
cal assessment through a cardiologist or at least experi-
enced general practitioner [9].

Conclusion

In conclusion, new technical developments, such as 16-
row MDCT [33, 34, 35], may further increase the poten-
tial of MDCTA and thus positively influence its future

role in cardiac risk stratification. In addition, the role of
calcium scoring needs to be reviewed, particularly as the
absence of universally accepted standards for the detec-
tion and quantification of coronary calcifications still
displays a severe impediment to the implementation and
acceptance of this technique; thus, the need for an easily
reproducible parameter in the assessment of coronary ar-
tery calcium seems to inspire the development of several
alternative scoring methods such as volume scoring or
quantitative assessment of the absolute calcium mass.
Volume scoring appears to affect less variability in vol-
ume and mass quantification than calcium scoring ac-
cording to the method of Agatston [24]. Scoring based
on the hydroxyapatite mass, a physical quantitative mea-
sure, represents a new but not less promising approach.
In an experimental setting Ulzheimer and Kalender ob-
served better reproducible and comparable results than
for calcium scoring and volume scoring–even if the mea-
surements were undertaken on different scanners [36];
however, further large-scale, prospective, multicenter
studies are necessary to evaluate the exact role of these
exciting new calcium-scoring methods and also to esti-
mate the potential of MDCTA as an alternative method
for cardiac risk stratification.
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Table 4 Sensitivities and specificities of MDCTA in the detection
of hemodynamically relevant stenosis (>75%)

Reference No. of Sensitivity Specificity 
patients (%) (%)

[18] 64 71.6 95.5
[28] 64 91 84
[2, 3, 17, 26, 27, 29] 48 82 97
[4, 32] 27 76 93
[30] 31 91 97
[6, 16, 31, 34] 102 86 93

Fig. 3 Flow chart of our diagnostic procedure in choosing the op-
timal examination protocol for MDCT coronary artery imaging.
All asymptomatic and all symptomatic patients with atypical chest
pain initially receive native MDCT for calcium scoring. The
MDCTA is only applied in asymptomatic patients with positive
calcium scores and symptomatic patients with atypical chest pain
who present with calcium scores below 400
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