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Abstract 
Background  Multi-slice spiral computed tomography (MSCT) scanners can 
visualize human coronary arteries non-invasively. Comparative studies with invasive 
coronary angiography (ICA) revealed a high negative predictive value, suggesting 
that MSCT might be useful for the exclusion of coronary artery disease (CAD). Thus, 
MSCT might help to reduce the total number of ICA. Initially, 4-slice scanners were 
used, since 2002 16-slice scanners with improved temporal and spatial resolution are 
available. We used both scanner generations to evaluate the need for an ICA in 
patients (pts) with unclear chest pain. We report on our initial experience using 
MSCT coronary imaging, as well as on differences in diagnostic accuracy between 4-
slice and 16-slice MSCT technology. 
Methods and results 210 pts underwent MSCT coronary angiography (4-slices: 
n=120, 16-slices: n=90, suspicion of CAD: n=158, suspicion of restenosis: n=52). 
Recommendations for further diagnostics were based on the MSCT results. A 
telephone interview was performed after 449+169 days to evaluate the further clinical 
course. MSCT detected significant lesions in 90/210 (43%) pts and an ICA was 
recommended. MSCT excluded significant lesions in 120/210 (57%) pts. An ICA was 
actually performed in 44/210 (21%) pts (corresponding results: 27/44 [61%], false 
positive: 11/44 [25%], false negative: 6/44 [14%]). No statistical differences were 
found between 4- and 16-slice imaging. No major cardiac event occurred during 
follow-up.  
Conclusions MSCT was found to be useful to evaluate the need for invasive 
diagnostics. However, the false negative results underline that further improvements 
of image quality are required until it might replace ICA in carefully selected pts. 
 
Condensed Abstract 
Multi-slice spiral computed tomography (MSCT) scanners can visualize human 
coronary arteries non-invasively. Comparative studies with invasive coronary 
angiography revealed a high negative predictive value, suggesting that MSCT might 
be useful for the exclusion of coronary artery disease. Thus, MSCT might help to 
reduce the total number of ICA. We report on our initial experience using MSCT 
coronary imaging in 210 patients.  
MSCT was found to be useful to evaluate the need for invasive diagnostics. 
However, false negative results occurred, underlining that further improvements of 
image quality are required until it might replace ICA in carefully selected pts. 
 
Key words 
Coronary artery disease, Imaging techniques, Multi-slice spiral computed 
tomography (MSCT), Invasive Coronary Angiography (ICA), Atherosclerosis 
 
Abbreviation List 
 
CAD  = Coronary Artery Disease 
ICA  = Invasive Coronary Angiography 
IQS  = Image Quality Score 
LAD  = Left Anterior Descending Artery 
LCX  = Left Circumflex Artery 
MSCT  = Multi- slice spiral computed tomography 
PCI  = Percutaneous Coronary Intervention 
Pts  = Patients 
RCA  = Right Coronary Artery 
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1. Background 
Conventional invasive coronary angiography (ICA) is still the reference standard for 
the diagnosis of coronary artery disease (CAD) and the detection of coronary artery 
stenoses. Despite of its invasiveness and possible related complications, the 
absolute number of ICA is annually rising, although only a approximately one third of 
all diagnostic ICA are followed by percutaneous coronary interventions (PCI) (1;2). 
Thus for, non-invasive imaging modalities are evaluated for a non-invasive diagnosis 
or exclusion of CAD with growing interest (3). 
In 1999, multi-slice spiral computed tomography (MSCT) systems with simultaneous 
acquisition of four slices and half- second scanner rotation have become available for 
the non invasive coronary angiography. Initial experiences have shown that coronary 
stenoses can be detected with promising sensitivity and specificity (3-8). 
Since 2002, the second MSCT scanner generation with faster gantry rotation speed 
(370 - 420 ms) and 16 detector slices is available. A significantly improved image 
quality led to a more accurate detection of coronary artery stenoses. Due to this 
technical progress and growing experience of the physicians, sensitivity and 
specificity of 95% and 98% was reported for the detection of stenoses >50% 
diameter stenosis (9-11). 
Until today, several studies were published comparing 4- slice and 16- slice MSCT 
with ICA. However, only few reports exist on the use of MSCT as first line imaging 
technique in clinical practice without compelled ICA. 
Aim of the present study was to evaluate the usefulness of MSCT coronary 
angiography as a first-line imaging technique to evaluate the need for invasive 
diagnostics in patients (pts) with unclear chest pain because of suspected or 
progressive CAD after percutaneous transluminal coronary angioplasty (PTCA). 
Furthermore, differences in image quality, the number of assessable segments and 
diagnostic accuracy between 4- slice MSCT and 16- slice MSCT technology were 
addressed. 
 
2. Methods 
MSCT examinations of the heart are performed at our institution since more than 5 
years.  Because of the high negative predictive value for the detection of coronary 
stenoses, which was reported in all comparative studies with ICA, MSCT coronary 
angiography is performed at our Cardiac Imaging Outpatient Clinic in clinical routine 
practice for the exclusion of CAD (4). 
From November 2000 to November 2003, 210 consecutive pts were referred by 
general practitioners or specialists in internal medicine/ cardiology to undergo a non-
invasive evaluation of the coronary tree using MSCT. 120 pts were assessed by a 4- 
slice scanner and 90 pts by a 16- slice scanner. All pts are treated with 50 - 100 mg 
Metoprolol at least 45 min. prior to the MSCT scan. MSCT examinations were 
indicated in pts with clinical suspicion of CAD or of progression of CAD after PTCA or 
CABG- surgery because of chest pain and/ or positive stress tests. Moreover, a 
smaller number of asymptomatic pts or pts with atypical angina but distinctive risk 
profile for CAD were examined. Pts with typical angina and positive stress tests were 
not investigated by MSCT. 
Exclusion criteria for MSCT scans were as follows: Acute coronary syndrome, 
previous stent implantation, chronic congestive heart failure (NYHA III-IV), renal 
insufficiency (creatinine>1.3 mg/dl), hyperthyroidism (basal TSH<0.1µl/l), known 
allergic reaction against iodated contrast media, chronic obstructive pulmonary 
disease which prohibited a respiratory stop for 40 seconds and atrial fibrillation. 
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Cardiovascular risk factors were defined as follows: Smoking as having smoked at 
least 5 cigarettes/ day within the last 3 months, hyperlipidemia as a total serum 
cholesterol ≥230 mg/dl and/ or serum triglycerides ≥200 mg/dl or being on lipid 
lowering medication, hypertension as having a systolic blood pressure ≥145 mmHg 
or diastolic blood pressure ≥95 mmHg or being on anti- hypertensive medication, 
familiar predisposition as having relatives of first or second degree with premature 
cardiovascular disease, diabetes mellitus as the use of oral hypoglycaemic agents or 
insulin or having elevated fasting serum glucose levels (>140 mg/dl). Positive stress 
tests were defined as examinations (exercise ECG, myocardial perfusion imaging) 
with pathological results. 
All pts gave their informed consent for the MSCT scan and for the systematic 
anonymous analysis and publication of the data.  
MSCT Scanning Technique 120 pts were examined by 4- slice MSCT using a 
Somatom Volume Zoom™ scanner (Siemens, Forchheim, Germany), and 90 pts by 
16- slice MSCT using a Sensation 16™ scanner (Siemens, Forchheim, Germany). 
The standard scan protocol for MSCT examinations was as follows:  
First, a native scan without contrast media was performed to quantify the total 
calcium burden of the coronary tree (collimation 1.5 mm, table feed 3.8 mm/rotation, 
tube current 133 effective mAs at 120 kV). To evaluate the circulation time, 20 ml of 
contrast media (20 ml at 4 ml/s, 400mg iodine/ml, Iomeron™ 400, Altana Pharma, 
Konstanz, Germany) and a chaser bolus of 20 ml saline was injected in an 
antecubital vein. The correct scanning delay was established by measuring CT 
attenuation values in the ascending aorta, using the first slice after maximum contrast 
as circulation time. By using a dual- head power injector (CT2, Medtron, 
Saarbrücken, Germany) a total of 150 ml (4- slice technology) or 80 ml (16 slice 
technology) intravenous contrast agent plus a 20 ml chaser bolus was injected. CT 
imaging started at the aortic root cranial to the coronary ostia and stopped at the 
diaphragm caudally of all cardiac structures. 
For image reconstruction, the standard built- in reconstruction algorithm was used (4, 
12-14). The reconstruction window was set to start at 60 % RR-interval to determine 
the reconstruction interval with the fewest motion artifacts. If necessary, a test- series 
reconstructing slices ranging from 35 % to 75 % relative to the RR- interval was 
performed in 2 % steps. The time point with least motion artifacts was then chosen to 
reconstruct the entire stack of images of the MSCT scan. Image reconstruction and 
data analyses were performed by an experienced radiologist on an offline 
workstation for post-processing. 
MSCT Image Interpretation Depending on the individual case, axial slices and 
advanced post processing tools, such as multiplanar reconstruction (MPR) and 
maximum intensity projection (MIP) or 3 dimensional volume rendering techniques 
(VRT) were used. Image quality was determined on contrast media enhanced axial 
slices for each coronary vessel segment. For documentation, a modified AHA 
segment model was used (right coronary artery: 1=proximal, 2=middle, 3=distal and 
4=combined posterior descending and posterolateral branches; 5= left main stem; 
left anterior descending: 6=proximal, 7=middle, 8=distal, 9=first diagonal, 10= second 
diagonal left circumflex: 11=proximal, 12=distal, 13=marginal branches) (1). 
Image quality was graded into 1: excellent, 2: good, 3: still diagnostic, 4: not 
diagnostic according to the number of evaluable segments. An image quality sore 
(IQS) was calculated as mean value of all classifications.  
Based on the results of the MSCT- scan and on the clinical information, a 
recommendation was given to the pts, as follows: 
Group I: No coronary angiography is recommended 
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I a: because of moderately diseased coronary arteries only without significant 
stenoses (>50% diameter stenosis). 
I b: because of the exclusion of CAD (no calcified or non- calcified plaques 
detectable, Agatston- Score: 0). 
Group II: Coronary angiography is recommended 
II a: because of the detection of a > 50% diameter stenosis. 
II b: because of insufficient image quality or severe calcifications prohibiting an 
accurate determination of lesion severity. 
Clinical follow- up A follow-up interview was conducted by telephone to evaluate 
the further clinical course of our pts. We evaluated a) whether the referring colleague 
complied with the recommendation based on the MSCT examinations, b) the results 
of coronary angiographies if performed, c) the agreement between coronary 
angiography and MSCT results, d) the pts clinical symptoms (graded in 1- better, 2- 
equal,3- worse). 
Statistics Continuous variables were described by their means and standard 
deviations. T-tests and chi-square tests were performed to evaluate differences 
between 4- and 16-slice results. P-values <0.05 were considered to identify 
significant differences. All analyses were done using Prism 3.02 (GraphPad Software 
Inc, San Diego, CA, USA). 
 
3. Results 
Patient characteristics are summarized in table 1.  
 
Table 1. Clinical characteristics. 
 4- slice MSCT 16- slice MSCT p-value° 
Gender m91 / f29 m68 / f22 0.97 
Hypertension 90 / 120 (75%) 55 / 90 (61%) 0.35 
Diabetes mellitus 18 / 120 (15%) 13 / 90 (14%) 0.92 
Smoking 21 / 120 (18%) 13 / 90 (14%) 0.61 
High Cholesterol 88 / 120 (73%) 58 / 90 (64%) 0.56 
Angina * 99 / 120 (83%) 55 / 90 (61%) 0.17 
°: chi-square test, 
*: According to the classification of the Canadian Cardiac Society (CCS) 
 
An image example is given in figure 1. 
 
Results of pts who underwent 4- slice MSCT 
Indication for non- invasive coronary angiography 86/ 120 (72%) pts had 
the clinical suspicion of CAD, 19/ 120 (16%) pts had the suspicion of progress of their 
known CAD and 15/ 120 (12%) pts had CABG surgery before. 
99/ 120 (83%) of these pts had angina and/ or pathological exercise ECG [36/ 120 
(30%)] pts and/ or pathological myocardial perfusion imaging [5/ 120 (4%) pts]. 
MSCT image quality After image reconstruction, the image quality was graded 
as excellent in 29/ 120 (24%) pts, as good in 25/ 120 (21%) pts, as still diagnostic in 
57/ 120 (48%) and as not diagnostic in 8/ 120 (7%) pts. The IQS was was 2.37 + 
0.93. 8.23 + 2.82 segments were evaluable per pt. The mean Agatston Score was 
340 + 1060 [range 0 – 8080] (see table 2). 
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Table 2. Image quality comparing 4- and 16- slice MSCT scanner. 
 4- slice MSCT 16- slice MSCT p-value° 
Heart rate° 65.1 + 12.4 62.3 + 11.0 0.06 
Image quality score° 2.4 + 0.9 1.7 + 0.9 < 0.001 
Evaluable segments° 8.2 + 2.8 11.1 + 2.7 < 0.001 
Agatston score° 340.3 + 1059.5 421.4 + 959.5 0.29 
- Image quality of MSCT scans: 1: excellent, 2: good, 3: still diagnostic, 4: not diagnostic. 
- °Mean ± Standard deviation. °: t-test 
 
Recommendation for further procedures In addition to MSCT coronary 
angiography, an ICA was recommended in 49/ 120 (41%) pts. In 33/ 120 (28%) 
because of the detection of severe stenoses and in 16/ 120 (13%) pts because of 
unevaluable segments due to non diagnostic image quality. 
No ICA was recommended in 71/ 120 (59%) pts, in 46/ 120 (38%) because of 
exclusion of CAD and in 25/ 120 (21%) pts because of exclusion of severe stenoses. 
Follow- up The clinical follow- up was performed after 16.9 + 3.7 [7.5 – 23.6] 
months by telephone interview. 2 pts could not be evaluated. One pt died because of 
oesophageal carcinoma and one pt refused to participate the follow- up interview. 
Actually 26/ 120 (22%) underwent ICA. In 3 pts ICA revealed false negative MSCT 
results with missed coronary stenoses, in 18 cases corresponding results compared, 
and in 5 pts false positive results. 
Symptoms and quality of life at follow- up are summarized in Table 4. 
 
Results of pts who underwent 16- slice MSCT 
Indication for non- invasive coronary angiography 72/ 90 (80%) pts had 
suspicion of CAD, 12/ 90 (13%) pts had a known CAD and 6/ 90 (7%) pts already 
underwent CABG. 
55/ 90 (61%) of these pts had angina and/ or pathological exercise ECG 18/ 90 
(20%) pts. and/ or pathological myocardial perfusion imaging [3/ 90 (3%) pts]. 
MSCT image quality 52/ 90 (58%) pts showed an excellent image quality, 21/ 
90 (23%) a good- 11/ 90 (12%) pts a still diagnostic and 6/ 90 (7%) pts a non 
diagnostic image quality. The IQS was 1.69 + 0.94. 11.14 + 2.74 segments were 
evaluable per pt. The mean Agatston Score was 421 + 959 [range 0 – 6534]. 
Recommendation for further procedures An additional ICA was recommended 
in 33/ 90 (37%) pts because of the detection of severe coronary stenoses, and in 8/ 
90 (9%) pts because of a non diagnostic image quality. In 37/ 90 (41%) no further 
invasive diagnostic was recommended because of exclusion of severe stenoses and 
in 12/ 90 (13%) pts because of complete exclusion of CAD. 
Follow- up The clinical follow- up was performed after 5.1 + 1.5 [1.2 – 6.9] months. 
No pt was missed by the telephone interview. ICA was actually performed in 18/ 90 
(20%) of pts. Corresponding results were obtained in 9/ 18 (50%) pts, 3/ 18 (17%) 
cases were false negative, 6/ 18 (33%) cases false positive.  
Symptoms and quality of life are summarized in Table 3. 
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Table 3. Clinical Follow- up parameters. 
 4- slice MSCT 16- slice MSCT 

Clinical symptoms   
improved 46/ 120 (38%) 32/ 90 (36%) 

unchanged 69/ 120 (58%) 54/ 90 (60%) 
worse 3/ 120 (3%) 4/ 90 (4%) 

Quality of life   
better 41/ 120 (34%) 31/ 90 (34%) 

unchanged 75/ 120 (63%) 54/ 90 (60%) 
worse 2/ 120 (2%) 5/ 90 (6%) 

Satisfaction with treatment   
very good 39/ 120 (33%) 44/ 90 (49%) 

good 77/ 120 (64%) 34/ 90 (38%) 
bad 2/ 120 (2%) 12/ 90 (13%) 

 
 
 
Comparison of 4-slice and 16-slice results Image quality was significantly better 
when using 16-slice technology with significantly more coronary segments with 
diagnostic image quality. The diagnostic accuracy was, however, found to be 
comparable. The results are summarized in detail in tables 2 and 4. 
 
Table 4. Follow- up parameters. 

 4-slice imaging 16-slice imaging 
Patient Group Group I 

(n=71) 
Group II 
(n=49) 

Group I 
(n=49) 

Group II 
(n=41) 

p-
value^

Subgroup I a 
(n=46) 

I b 
(n=25)

II a 
(n=33)

II b 
(n=16)

I a 
(n=37)

I b 
(n=12) 

II a 
(n=33) 

II b 
(n=8)

 

ICA-
recommended 

0 0 33 16 0 0 33 8 0.67 

ICA performed 4 0 14 8 2 0 16 0 0.81 
Corresponding 

results with 
MSCT 

2 0 9 7 1 0 8 0 0.52 

Non 
corresponding 

results 

2* 0 5° 1* 1* 0 2*/6° 0 0.86 

*false negative result, °false positive result, ^chi sqare test, ICA: Invasive Coronary Angiography, 
MSCT: Multi-slice spiral computed tomography 
 
 
4. Discussion 
Our data underline that non-invasive MSCT coronary angiography has the potential 
to reduce the total number of invasive coronary angiographies in carefully selected 
patient cohorts. However, even with the current state-of the-art 16-slice MSCT 
technology, we had to recognize a small number of false negative results. These 
were mainly due to severe calcifications or motion artifacts. Thus for, MSCT imaging 
is useful to rule out significant lesions in case of good image quality and after the 
exclusion of severe calcifications only. 
Multi-slice spiral computed tomography MSCT is a new emergent non-
invasive modality for the visualization of the coronary tree. The high negative 
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predictive values reported by most comparative studies with ICA indicate that MSCT 
might best be suited for the exclusion of CAD (9, 11). However, studies evaluating 
this specific indication are still missing, and no official guidelines for its clinical use do 
exist. 
Our results underline, that MSCT might be useful to reduce the number of invasive 
angiography in carefully selected pts with a low to intermediate probability for a 
severe lesion. All our pts had been referred to our institution by general practitioners 
for MSCT imaging in order to evaluate the coronary status by an imaging technique. 
Without the opportunity of MSCT, most of these pts would have undergone invasive 
diagnostics. In our cohort, the total number of ICA could be reduced to 21%. MSCT 
coronary angiography turned out to be a save procedure with one observed 
complication only (extravasation of contrast agent in one patient). 
Differences between 4- slice and 16- slice MSCT imaging 120 pts underwent 
4- slice- MSCT coronary angiography. 8.2 + 2.8 sgt could be evaluated in each pt, 
and the IQS was 2.4 + 0.9. In comparison, 90 pts underwent 16- slice MSCT 
coronary angiography with 11.1 + 2.7 sgts evaluable sgts per pt, and an IQS of 1.7 + 
0.9. These results underline an improved image quality in 16-slice scanning because 
of technical innovations.  
However, as indicated in table 3, the better image quality did not lead to an 
improvement of diagnostic accuracy. In both cohorts, a comparable number of false 
negative results were found. These were mainly due to well known limitations of 
MSCT scanning: Severe calcifications obscured the correct quantification of 
obviously severe lesions in 4 pts, and significant lesions were missed because of 
motional artifacts in 2 pts. Thus for, a native scan prior to contrast enhancement 
appears to be meaningful to rule out severe calcifications. In addition to, a ß- 
blockade prior to the scan was found to be useful to lower the heart rates (15). A just 
recently published study using the latest 16-slice scanner generation with 
furthermore improved gantry rotation time does also report on a small number of 
false negative results. Also in this report the false negative results are related with 
severe calcifications and motion artifacts (11).  
Further limitations of MSCT imaging have to be taken into account. Since it is a 
conventional x-ray technique, iodinated contrast media are required, prohibiting an 
application in pts with e.g. hyperthyroidism or renal failure. In addition to, radiation 
exposure has to be considered, which is despite sophisticated software tools with 
reduced tube current during systole approximately 5 mSv (16, 17).  
Further scanner generations have been announced with furthermore improved 
spatial and temporal resolution. It remains to be evaluated, if MSCT coronary 
angiography can be furthermore stabilized to overcome the mentioned limitations. 
Study limitations We report on a clearly preselected patient cohort. The MSCT 
results have not been evaluated by ICA in all cases. Thus for, the number of false 
negative or positive results might have been higher, and affect the accuracy of the 
presented data. However, no clinical events occurred during follow-up, and a 
decisive number of pts reported on improved clinical symptoms.  
Conclusions Our initial experience with MSCT coronary imaging in clinical 
practice suggests, that it is a feasible and safe method for the non-invasive 
assessment of the coronary system. However, the false negative results underline 
that further improvements of image quality are required until it might replace ICA in 
carefully selected pts. 
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6. Legend 
 
Table 1. Clinical characteristics. 
Table 2. Image quality comparing 4- and 16- slice MSCT scanner. 
Table 3. Clinical Follow- up parameters. 
Table 4. Follow- up parameters. 
 
Figure 1. Image example showing a severe lesion in the LAD. 
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Figure 1: The images show the left coronary artery of an asymptomatic 65 year old male pt that was 
examined in our Non- invasive Imaging Outpatient Clinic. 
I: Axial view of the LAD with a mixed plaque in the proximal LAD (Arrow). No contrast enhanced lumen 
is visible within the stenotic area. That indicates either a severe subtotal stenosis, or a chronic total 
occlusion with a retrograde vessel perfusion. II: Lateral view of the LAD. Mixed plaque with stenotic 
area (arrow). III: Three dimensional reconstruction. No contrast enhanced lumen is visible within the 
plaque area (arrow). After MSCT coronary angiography was performed the pt was advised to undergo 
an ICA. IV and V: ICA verifies the MSCT findings. The LAD has a proximal chronic occlusion with 
bridging collaterals (arrow). ICA in right anterior oblique before (left) and after PCI (right). For MSCT 
coronary angiography it is difficult to differentiate a subtotal stenosis from a chronic occlusion with 
retrograde vessel perfusion. 
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