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Abstract. We present an approach for adapted transfer function (TF)
specification to highlight pathologic changes of the coronary artery vessel
wall based on contrast medium-enhanced computed tomography (CT)
datasets. The TFs are combined with common visualization techniques
for the evaluation of coronary arteries in CT image data. The presented
mapping of CT values in Hounsfield Units (HU) to optical properties
such as color and opacity leads to a different color coding for different
plaque types.

1 Introduction

Coronary artery disease (CAD) is the leading cause of death in western na-
tions [1]. Recent developments in multislice spiral computed tomography (MSCT)
allow for a high spatial resolution with short acquisition times and thus for
noninvasive evaluation of the coronary arteries. In contrast to conventional an-
giograms, MSCT image data also enable an assessment of the vessel wall’s
cross-sectional area. Furthermore, MSCT image data have a great potential for
noninvasive identification, characterization, and quantification of atherosclerotic
CAD [2].

Atherosclerotic CAD is the result of accumulatations in the artery wall, so-
called plaques. They can be classified into soft, fibrous and hard plaques. Soft
plaques are prone to rupture and thus very dangerous for the patient, whereas
fibrous plaques and hard plaques consist of more dense accumulations and are
assumed to be more stable. Hard plaques are characterized by calcium deposits.
The quantification of coronary calcium is important in assessing the patient’s
whole plaque burden. A plaque does not necessarily lead to a significant stenosis.
Especially the early states of atherosclerotic CAD can be compensated by a
positive remodelling of the vessel wall.

Common strategies for the visualization of the coronary artery tree based
on MSCT image data are maximum intensity projection (MIP), multiplanar
reformation (MPR), curved multiplanar reformation (CPR) for 2D views and
direct volume rendering techniques (DVR) for a 3D view [2,3,4]. The mapping
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from CT values in Houndsfield Units (HU) to optical properties such as color and
opacity is described by a transfer function (TF). The windowing function, which
is a special instance of a TF, maps an interval of HU values to gray values. The
user can manipulate the interval’s width and center and thus influence brightness
and contrast.

We will present visualization techniques that facilitate a visual separation of
hard plaques and highlight the coronary artery wall including soft and fibrous
plaques. In contrast to the method presented by Wesarg et. al [5] we also account
for non-stenotic plaque deposits. Due to varying HU values of the bloodpool
caused by the contrast medium, the TFs have to be adapted to each dataset.

2 Materials and Methods

We developed our techniques based on 12 contrast medium-enhanced MSCT
coronary angiograms from a 64-slice scanner (Siemens Sensation 64). For each
dataset the segmentation of the coronary artery lumen [6] and the skeleton of the
segmentation result were available. For the TF specification the mean density
and standard derivation of the bloodpool (tbivod, Tbicod) and the vessel wall
(twall, Twair) have to be approximated.

Approximation of blood density values. The segmentation result pri-
marily consists of voxels representing the contrast medium-enhanced blood and
is used for the approximation of the blood density distribution. Because of other
densities originating from surrounding tissue or interpolation issues, fpiooq and
Oblood could not be directly derived from the segmentation. The approximation
therefore is carried out by means of an iterative reduction of a cost function.
Costs are defined as differences between the approximated normal distribution
and the distribution of all segmented voxels. Results for ppooq and opieeq indi-
cate that the mean density of the blood strongly differs for each dataset. Thus,
a static threshold for a separation of hard plaques from blood is not applica-
ble. We use a threshold s, similar to the threshold of the Agatston score [7].
To avoid overestimation, which may arise due to artifacts or contrast medium
accumulation in small branches, we define s as s = fpi00d + 3Tbl00d-

Approximation of vessel wall density values. The approximation of the
vessel wall density values is based on the evaluation of a coronary artery segment
and its skeleton. The vessel wall of this segment is analyzed by means of intensity
profile volumes (IPV). The IPV calculation is carried out in 4 steps (see Fig. 1):

1. Selection of a long, non-branching segment of the coronary artery tree. The
selection is carried out by traversing the skeleton of the segmentation.

2. The real vessel centerline is approximated by the segment skeleton.

3. For each skeleton voxel, n rays perpendicular to the skeleton are casted.

4. The rays are sampled and the sampled intensities are saved in the IPV.

After the IPV extraction, the vessel wall densities can be approximated. For each
skeleton voxel, the sampled intensities representing the vessel wall will appear
as vertical structures in a slice of the IPV (see Fig. 1(b)). The IPV is slicewise
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convoluted with a Gaussian and a Sobel filter. The convolutions are followed
by a search for vertical structures to obtain a sample of vessel wall intensities.
Based on this sample, (411 and o441 is calculated.
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Fig. 1. Extraction of a slice of the intensity profile volume (IPV). For each voxel v
of the skeleton of a vessel segment, n (e.g. 6) rays perpendicular to the centerline are
casted (a). Along the rays, intensities are sampled and saved in a slice of the IPV (b). A
cross-section of an ideal vessel (white) and the vessel wall (light gray) with surrounding
tissue (dark gray) leads to vertical structures in the IPV slice for v. The IPV has as
many slices as the number of centerline voxels.

TF specification. We developed two TFs, the T'Fop and the T'Fsp, for 2D
and 3D visualizations. They differ only in the interval size of the vessel wall
densities. We use fyqi & 0wan for the TFs3p and piyay &+ 2044 for the TFyp.
This is motivated by a possible occlusion of inner structures of the vessel wall
in 3D visualizations. Therefore, we also use smaller opacity values for the vessel
wall for the T'F5p than for the T Fyp. In comparison, the vessel wall and hard
plaques are mapped to higher opacity values, whereas absolute transparency is
assigned to the surrounding tissue and the contrast medium-enhanced blood.

We intuitively use colors from beige to white for hard plaques, since these
structures usually appear white or light gray in conventional CT-displays. For
the vessel wall, we employ a color scale from blue over red to green to provide
high contrasts for the visualization of different plaque deposits and thus different
densities in the vessel wall.

For a more intuitive view, the T'F5p is combined with the windowing TF. The
user can now choose interesting HU value intervals by manipulating the param-
eters of the windowing TF. The CPR and MPR view as well as the 3D spatial
variation of the coronary artery tree are linked with each other. On the one
hand, the user can traverse the CPR view with the correspondending MPR view
being updated. On the other hand, it is possible to pick an interesting vessel part
in the 3D view with the other views being updated accordingly. The presented
techniques have been integrated in the MeVisLab platform (www.mevislab.de).
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3 Results

For each of the 12 datasets, we created adapted TFs based on the specific param-
eters Lpioods Obloods Mwall aNd Tyei- We combined the adapted TFs with common
2D and 3D visualizations (see Fig. 2). Our method highlights not only stenotic
plaque deposits, but also displays smaller plaques without a significant stenosis.

3D visualizations show the spatial variation of the coronary artery tree and
indicate the patient’s whole plaque burden by highlighting all hard plaques (see
Fig. 2(a)). In the combined CPR-MPR view, the plaques are highlighted with
different colors depending on the plaque type (see Fig. 2(b)).

The methods and visualizations were discussed with an experienced radiol-
ogist. First comparisons between conventional views and the T Fsp and T F3p
color coded visualizations indicate, that hard plaques, especially smaller ones,
can be better detected in the colored view. Furthermore, the color coding of the
vessel wall with different colors for fibrous and soft plaque deposits gives indi-
cations about the plaque type. An absolute identification is impossible due to
overlapping density intervalls of these types [§].

4 Discussion

We presented a method for the visualization of the coronary artery wall and
atherosclerotic plaque based on adapted TFs. Our method highlights hard plaques
and soft and fibrous plaques by color coding of the vessel wall. Also early stages
of the CAD consisting of non-stenotic plaque deposits can be visualized. The
adapted TFs were combined with common visualization techniques of CT coro-
nary angiograms. An informal evaluation with one radiologist revealed that our
method is a useful extension for conventional CT coronary angiogram evaluation.

Problems arise due to the local vessel wall density approximation. Falsifica-
tions in MPR views of other segments could be observed in 2 datasets. Potential
improvements are the individual creation of a local TF for each vessel segment
or a global approximation of the vessel wall density. The highlighting of dense
structures such as hard plaques leads to the highlighting of coronary stents as
well. A further improvement of the visualization could be the segmentation of
stents in a preprocessing step.
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Fig. 2. Visualizations of coronary arteries with adapted TFs. (a) DVR visualization
provides an overview about the spatial variation and of hard plaques (arrows). (b)
MRP views provide cross-sectional views of the coronary artery walls. The type of the
plaque (arrowheads) may be inferred from the color coding: MPR, view without plaques
(top), greenish colors indicate fibrous plaques (middle) and pinkish colors indicate soft
plaques, which are prone to rupture (bottom). (¢) shows the combined CPR-MPR view.
The transparent white bar indicates the current position in the CPR view (left) of the
cross-sectional MPR view (right).



