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Abstract Objective To analyze the diagnostic effi-
cacy of computer aided analysis of relevant coronary
artery stenosis using dual source computed tomogra-
phy (DSCT). Methods In a larger scale study patients
scheduled for conventional coronary angiography
(CA) were additionally examined with DSCT. Based
on a 13-segment model 30 CT scans of this study
population were analyzed for significant stenosis
using conventional 3D charts (3D) as well as a
specialized cardiac analysis tool (CAT). Diagnostic
accuracy and time to diagnosis was recorded for each
vessel separately as well as the three readers’
confidence. Results With severe coronary artery
calcifications, 53 false interpretations of segments
were found for the total of 390 coronary segments
analyzed. 3D and CAT analysis showed a Sensitivity,
Specificity, PPV and NPV of 0.59, 0.91, 0.57, 0.92
and 0.57, 0.92, 0.56, 0.92, respectively. No significant
differences in diagnostic accuracy could be found
between 3D and CAT (P = 0.1667). 3D took a mean
of 5.2 min (3—-10 min). With CAT a mean time of
8.2 min (4-12 min) was needed. No significant inter-
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reader time differences (P = 0.4954) and no signif-
icant confidence level differences were found
between readers and analyzes. Conclusion CAT of
the coronary tree shows comparable accuracy to
manual 3D analysis but needs improvements con-
cerning coronary tree segmentation times.

Keywords DSCT - Cardiac CT - Coronary
stenosis - Specialized cardiac analysis tool -
Diagnostic accuracy

Introduction

In recent years, cardiac multidetector computed
tomography (MDCT) for exclusion of coronary artery
stenosis has become a routine clinical tool in daily
practice [1-3]. As it is integrated into the daily
workflow time efficient analysis of the significant
amount of data is mandatory. The most common
approach to coronary stenosis detection to date is a
manual positioning of the imaging planes to get a
near cross sectional or longitudinal view of the vessel
of interest. As this can be quite time consuming
computer aided reading and specialized software to
improve the vascular analysis are offered by the
different vendors [3—11]. All of these visualization
tools have some kind of vessel segmentation/isolation
in common allowing a display of the vessel of interest
in fashion designed for optimal stenosis detection.

@ Springer



196

Int J Cardiovasc Imaging (2009) 25:195-203

Our scanner software offers a 3D package as well as a
specialized cardiac analysis tool (Circulation®, Sie-
mens, Forchheim, Germany) for cardiac computed
tomographic (CT) data analysis by segmenting and
isolating the coronary tree and presenting the vessels
of interest in specified views (curved MPR and true
cross sectional views) facilitating stenosis detection.
Recently Busch et al. published a performance
evaluation study for an automated coronary vessel
analysis. They selected perfect image quality scans
and found good agreement of the stenosis analysis
with the automated approach compared to catheter
angiogram stenosis quantification [12]. In the present
study the speed and efficacy of manual coronary
stenosis detection in cases of varying image quality
were compared to the computer aided vascular
analysis. The severity of the coronary artery stenosis
was determined with conventional catheter angiog-
raphy as the reference standard.

Materials and methods

Out of a larger study population of 200 patients with
known or suspected coronary artery disease sched-
uled for conventional coronary angiography (CA)
that were additionally examined with dual source
computed tomographiy (DSCT) 30 patients (22
male, 8 female, mean age 62 years, 50-74) with
varying image quality were selected for additional
analysis of their DSCT data with the specialized
automated cardiac analysis tool (CAT). Image
quality of the scans was rated 1-5, with 1 being
excellent image quality and 5 being non diagnostic
scans. For this study scans with diagnostic image
quality (1 or 4) were selected. We chose to exclude
the non diagnostic scans as the software tool cannot
perform the segmentation in these cases. Having an
indication for a conventional catheter angiogram the
patients had a higher pretest probability for coronary
atherosclerosis than an average patient population,
the majority of the patients showed calcifications
measured with the Agatston score. All patients gave
informed consent to this examination. As a retro-
spective selection of data was performed no
dedicated patient consent was obtained, but the
patient gave consent to the DSCT examination and
further use of their data. The local ethics committee
approved of the study.
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Scanning protocol

A dual-source CT scanner (SOMATOM Definition,
Siemens Medical Solutions, Forchheim, Germany)
was used for all CT examinations with patients in the
supine position. Circulation time was determined
using a test bolus with 20 ml of contrast media
(400 mg iodine/ml; Imeron 400 Altana, Konstanz,
Germany) and a 40-ml saline chaser bolus (flow rate
5 ml/s) with a dual-head injector (CT Stellant; Med-
rad, Indianola, Pennsylvania). For dual-source CT
angiography, the following scan protocol was used:
0.6-mm collimation (cardiac mode), 120-kV tube
voltage, 330-ms gantry rotation time, and pitch 0.2—
0.43 (automatically adapted to the patients’ heart rate)
[13]. The mean tube current for both tubes was
560 mA, preset at 320 mAs/rot for each tube. For dose
reduction, the tube current was electrocardiographi-
cally modulated and reduced during the systolic
phases, but maintained at maximum during the
diastolic phase of the cardiac cycle. According to the
patients’ heart rate, the following ECG-pulsing was
adapted automatically (ECG-pulsing, auto) for max-
imum tube current within the RR interval: 60-70%
(<50 beats/min), 55-70% (51-60 beats/min), 35—
70% (61-119 beats/min), and 20-75% (>120 beats/
min). Contrast media (70 ml; in patients with coronary
artery bypass grafts, 90 ml) was injected intrave-
nously with a flow rate of 5 ml/s followed by a saline
chaser bolus (50 ml, flow rate 5 ml/s).

The reconstruction interval with the fewest motion
artifacts was determined by reconstructing a slice at
the level of the middle of the left ventricle in 5%
increments from 25 to 75% of the RR interval. CT
angiographic images were reconstructed for diagnos-
tic evaluation to the time point with the least motion
artifact of the right and left coronary arteries. For CT
angiographic images the optimal kernel of B26f for
stenosis detection and an effective slice thickness of
0.75 mm with a reconstruction increment of 0.4 mm
were chosen. The 180 mm field of view was centered
at the heart and images were reconstructed with a
high resolution matrix of 512 x 512 pixels.

Image analysis
The DSCT datasets were analyzed for significant

stenosis using the original axial slices, multiple
planar reconstructions and sliding thin-slab maximum
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intensity projections (MIP). Significant stenoses were
defined as stenoses with luminal narrowing above
50%. The analysis was performed manually using a
conventional 3D chart. This allows multiplanar
reconstructions and MIP in different orientations,
for instance a rough longitudinal slice orientation
along the course of the vessel is possible. Stenoses
were graded subjectively as is the clinical routine
practice in our institution. As in conventional angi-
ography lumen diameter reductions of >50% were
considered significant stenosis.

Additionally the scans were assessed using a
specialized CAT (Circulation 3®, Siemens, Forch-
heim, Germany). This software is developed
especially for coronary analysis [14]. The computer
segments the coronary tree upon a click in the aortic
root and displays the vessel of interest in a curved
multiplanar reformat view (cMPR) as well as a true
axial view (see Fig. 1). The segmentation is based on
a geometric model using a region growing algorithm
with premasking of the model to exclude interfering
structures close to the vessel of interest. After
segmentation the coronary tree is digitalized produc-
ing a transform based skeleton for distance
measurements but the lumen boundaries can also be
identified on the source images. Additionally stenosis
measurement is also possible along the orthogonal
views of the vessel path and in the curved multiplanar
reformations [14]. These measurements were used to
determine if a stenosis was >50% but the stenosis
values given were not recorded for this study.

Using our routine 13-segment system, a modified
classification of the American Heart Association, all
coronary vessel segments were documented sepa-
rately (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; and 13, first marginal
branch).

Invasive coronary angiograms were obtained
within 1 day after DSCT. All angiograms were
evaluated by an independent, experienced interven-
tional cardiologist using quantitative coronary
analysis with automated vessel contour detection.
The angiography catheter was used for calibration
(Quantitative Coronary Analysis, Philips, Best, The
Netherlands). Lesions with a diameter reduction of

>50% were considered significant. All coronary
vessel segments were included in the statistical
analysis. Coronary angiography was regarded as the
reference standard to detect relevant vascular steno-
sis. In coronary segments with >1 lesion, the lesion
with the most severe diameter reduction determined
the diagnostic accuracy.

In comparison with invasive coronary angiogra-
phy, dual-source CT results were analyzed on a
segmental basis (each segment in every vessel) and
per patient (evaluating the presence of any significant
stenosis in a given patient).

Performance evaluation

For both analyses the accuracy compared to the
conventional catheter angiography as well as time to
diagnosis was recorded. The time to analyze each
vessel was also documented separately. Additionally
to accuracy and time, reader’s confidence in their
findings was reported. Three readers, with varying
experience in cardiac CT (reader 1:2 years, reader
2:1.5 years, reader 3:8 months) performed the anal-
yses. Accuracy was analyzed using conventional
coronary angiography as the reference standard.

Statistical analysis

T-test calculation was used to calculate sensitivity
and specificity, negative and positive predictive
value. Wilcoxon tests for non numeric data were
performed comparing the subgroups. A value of
P < 0.05 was considered to be significant. Kappa
statistics (Cohen’s kappa with Landis—Koch exten-
sion and combined Fleiss—Nee-Landis test) were
used to analyze interreader agreement. Categorical
data were presented with absolute frequencies and
percentages. Continuous variables are shown as
means £ SDs. All analyses were performed using
JMP 5.1 SAS Institute Inc. (Cary, NC) and Graph Pad
Prism4 Software (San Diego, CA).

Results
All examinations were performed without complica-
tions. No bleeding or allergic reactions occurred. As

our patient collective was recruited out of patients
with an indication for an invasive catheter angiogram,
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Fig. 1 Automatic segmentation and specialized display of the
coronary arteries in a curved multiplanar reformat (cMPR) top
right, true axial slices through the vessel fop left and in a

a preselection of more severe arthrosclerosis was
present in our collective. The mean Agatston score of
our collective was 707.9 (range: 0-1,598). All
segments showed sufficient intraluminal contrast
with a mean aortic root attenuation of 387.3HU
(range: 290-410). The mean heart rate of the patients
was 62.7 (range: 41-85), no prescan B-blockers were
administered. No segment had to be excluded from
the analysis as the cases were retrospectively selected
for diagnostic image quality all segments of the
coronary tree were depicted well enough for evalu-
ation. In total, 390 coronary segments
(30 x 13 segments) were analyzed. Manual 3D chart
analysis presented with 53 false (27 false negative
and 26 false positive) interpretations of segments
compared to conventional catheter angiography.
These results correspond to a sensitivity of 0.59,
specificity of 0.91, PPV 0.57, and NPV 0.92.
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volume rendered (VRT) display bottom right help facilitate the
coronary artery analysis

Specialized CAT also revealed 53 misreadings. 26
false negative and 27 false positive interpretations led
to a sensitivity of 0.57, specificity of 0.92, PPV 0.56,
and NPV 0.92. As most false readings corresponded
in the 3D and CAT analysis (25 analogous false
negative findings, 20 corresponding false positive
findings), no significant differences in diagnostic
accuracy could be found (P = 0.1667) (Figs. 2 , 3).
With kappa values of 0.58 for 3D and 0.59 for CAT a
good interreader agreement was seen.

The average manual analysis with the 3D chart took
5.2 min (3-10 min). With CAT a mean time of
8.2 min (4-12 min) was needed. The average 3 min
plus needed to reach the diagnosis included mean
segmentation time of 4.2 min (1-7 min) (Fig. 4). The
Wilcoxon test showed no significant inter-reader time
differences (P = 0.1250). The level of confidence
shows slight interreader differences, reader 1 and 2 felt
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Fig. 2 On the left a paraxial view of the left anterior
descending artery created with the manual analysis program
(3D) is shown. A high grade stenosis of the proximal first
diagonal branch, Segment 9 is suspected (white arrow). The

image plane truly axial to the vessel (right) generated by the
specialized CAT shows no stenosis in Segment 9, which was
confirmed by conventional angiography

Fig. 3 High grade stenosis (white arrow) of the proximal left
anterior descending artery (LAD) correctly identified in the
manual analysis (leff) and the specialized CAT (right). The

more confident using the automated approach whereas
reader 3 showed no preference for either method. Over
all no significant confidence level differences were
found between readers (P = 0.4954) and analyzes
(P = 0.1525), see Figs. 5 and 6.

Discussion

The results showed that the specialized cardiac
analysis of the coronary tree is slightly more time
consuming than the manual approach but may raise

CAT view is presented as a cMPR facilitating the analysis of
the vessel but complicating anatomic orientation

the level of confidence in the readers. The accuracy
compared to conventional coronary catheter does not
differ significantly between the two methods or
different readers.

Analyzing the time differences between the two
approaches we found that the usual time to analyze
the data in CAT is an average 3.1 min longer than in
the manual approach. The mean time needed to
segment the coronary tree within the CAT takes
4.2 min, so the analysis itself is actually faster than in
the manual approach. The average time to diagnosis
with CAT is 8.2 min minus the average time for
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Fig. 4 Comparison of average time needed to reach the
diagnosis for each reader and averaged over all readers (total).
3D is the manual analysis, CAT represents the time needed
with the specialized CAT and CAT-seg is analysis time only,
with exclusion of the time needed by the computer to segment
out the coronary tree. All three radiologists needed less time to
reach a diagnosis with the automatic approach but the time gain
was lost in segmentation time needed by the software
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Fig. 5 The level of confidence averaged over all three readers
per vessel (rca—right coronary artery, Im—lad—Ieft main and
left anterior descending, lex—Ileft circumflex, total) shows a
trend towards the specialized CAT but the difference is non
significant (P = 0.1525)

segmentation 4.2 min is an average 4 min computer
aided analysis to diagnosis compared to an average
5.2 min time needed to diagnosis in the manual
approach. Segmentation times are software related so
increasing speed in the segmentation algorithm
should decrease the time needed to reach the
diagnosis using the computer aided approach. Dewey
et al. found a software aided, modified automated 3D
approach (Vitrea 2, Version 3.3, Vital Images)
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Fig. 6 Interreader differences in the level of confidence using
the manual 3D method or the specialized CAT. Reader 1 and 2
show a slight trend towards the computer assisted analysis but
differences were overall non significant (P = 0.4954)

equivalent to and significantly less time consuming
than the traditional manual 2D method for evaluation
of >50%-stenoses by 16 x 0.5-MDCTA in native
coronary arteries of patients with high calcium scores
[12, 15].

Manual analysis of CT angiography data often is
limited by intra- and inter-observer variability [16].
Fully automatic tools enable not only fast quantifi-
cation without manual interaction and also a
reproducible measurement without user dependence
[17, 18]. We could show a good interreader agree-
ment in the 3D as well as the CAT approach and the
intraindividual agreement with both methods was
also very high. Thus the reliability of the preprocess-
ing with the CAT system does not impair diagnostics.

Cordeiro et al. [19] stated that if automatic
coronary vessel detection is feasible it has the
potential to reduce the time required to create
reformations by a factor of approximately two
without deteriorating the diagnostic accuracy. On
the basis of optimal contrast-enhanced dataset auto-
mated segmentation algorithms have the potential to
be more accurate and more time-effective [20, 21].
However, a major bottleneck of cardiac CT imaging
of the coronary arteries is the potential lack of image
quality due to limitations in the spatial and temporal
resolution, severe coronary calcifications, irregular or
high heart beat, respiratory effects, and variations of
the distribution of the contrast agent all limiting the
automated quantitative analysis of the coronary
arteries, for which good image quality is required
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[22]. A human brain can piece together a coronary
vessel chopped up by motion artifacts. Computer
algorithms, however, can experience great difficulties
in tracking a vessel with motion artifacts. This leads
to more time consuming manual alterations of either
the segmentation or the source images. Different
methods are available to automatically segment
vessels in medical images, but they are either not
fully automated (initial vessel points are required) or
they are very sensitive to noise in the image.
Unfortunately, the presence of image noise, the
variability of the background, and the low and
varying contrast of vessels, makes it quite difficult
to obtain reliable fully automatic or even semi-
automatic vessel detection procedures [23].

In this trial the level of confidence was scaled
subjectively from sure to unsure. It is crucial
especially in computer assisted analysis to yield a
high level of confidence as automation always
requires a level of trust towards the data alteration
performed by the computer before presentation of
data for diagnostics. On the other hand preprocessing
and management of the ever growing amount of data
acquired is becoming more and more important for
effective radiology work. A typical CT coronary
angiography will have an average of 400-1,000
images in each volume dataset. This is an extreme
example but CT angiographies are becoming a key
component of state-of-the-art imaging making three-
dimensional postprocessing crucial for time effective
and sensible visualization [24].

Soto et al. [25]. analyzed the impact of a picture
archiving and communication systems (PACS)-based
software package on the requests for 3D reconstruc-
tions of multidetector CT (MDCT) datasets in the
emergency radiology department of a level 1 trauma
center. In the polytrauma patient, implementation of
the program increased utilization of 3D reconstruc-
tions of MDCT datasets [25]. Multiple image display
techniques are available to the radiologist at standard
workstations. They are multiplanar reformation
(MPR), oblique MPR, curved MPR, MIP, shaded-
surface display, and direct volume rendering. Each of
these techniques has its advantages and disadvantages
for the visualization of the coronary artery tree.
Several additions to the basic techniques have been
developed to overcome some of their shortcomings.
Different clinical examinations, such as stent evalu-
ation, stenosis evaluation, and bypass evaluation,

require different visualization techniques. The choice
of preferred technique for each clinical study depends
on the advantages and disadvantages of the various
techniques as described in the literature [16, 20, 26—
28]. In general, for optimal acceptance a computer
assisted analysis should enable, flexibility with toler-
ance for non optimal image quality, automatic
parameter estimation pre choosing the most accurate
display forms, high sensitivity in detection of path-
ologic findings and a reasonable processing time.

This may provide an enhanced accuracy of the
CAT system without increase in the overall diagnosis
time [29, 30]. Because of the large number of
possible settings and projection angles, it is important
for users to interactively manipulate the images and
review the whole vessel volume rather than just
looking at static reformatted images [28]. Misinter-
pretations such as false positive vascular stenoses
may be reduced by means of accurate and appropriate
use of software features. This requires training of
users both with regard to the capabilities of the
software and the background of the different tech-
niques and their possible pitfalls [28]. Postprocessing
techniques have different advantages and disadvan-
tages when used in clinical practice, and it is
important that radiologists understand when and
how each technique should be used [24].

As we have a relative small study population small
but maybe significant differences between the manual
and automated approach might have not been appar-
ent. Further studies with larger patient collectives are
needed. But with the ever increasing amount of data
created by each scan time effective and reliable
software tools facilitating data analysis are of signif-
icant importance in all day practice.

In conclusion the manual approach using the 3D
option is appropriate for a first, fast overview over the
scan data. Currently this is the most time effective
way to a rough coronary status estimate of the patient
with an idea of the disease burden. Especially for
problem solving the specialized CAT is a helpful tool
to yield an accurate and reliable status of coronary
artery disease for the patient. At this point in time the
automated approach is still more time consuming,
and as such is not recommendable as a first line
approach. But with the rapid software and computer
development segmentations times may soon be
reduced significantly making computer assisted anal-
ysis a valuable alternative to the manual approach.
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