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Abstract

The spatial understanding of vascular information ob-
tained with CT and MR is tremendously assisted by di-
rect volume rendering since it provides semi-transparent
views of the entire data giving insight to hidden structures.
Ensuring o convenient diagnosis of complex vessel topol-
ogy, we propose an approach based on 3D terture map-
ping which ensures interactive frame rates. The method
proved to be very suitable for the visualization of intracra-
nial aneurysms within CTA and MRA. Its full value is
demonstrated by meaningful representations of the inner
ear and of tiny vessels in the spinal channel obtained with
a MR 3D-CISS sequence. Since a small portion of the
whole data is often sufficient for a more detailed investi-
gation, o new technique using interactive clipping of ar-
bitrary geometry, as presented in [1], was evaluated. The
integration into OpenlInventor ensures intuitive manipula-
tion of the volume and the clipping geometries. For fur-
ther anatomical orientation and the comparison to DSA
different registration procedures are applied.

1 Introduction

Different imaging modalities provide information about
vascular structures and their diseases. There is DSA (Dig-
ital Subtraction Angiography) which produces 2D projec-
tion images of very high spatial and temporal resolution.
In order to obtain 3D information, CTA (Computed To-
mography Angiography) and MRA (Magnetic Resonance
Angiography) are applied. As an advantage, MR tech-
niques are minimal invasive with new scanning sequences
like 3D-CISS (Constructive Interference in the Steady
State) having the potential to access further information.

However, in clinical routine the analysis of the tomo-
graphic data is typically based on the inspection of single

slice images. Since it is difficult to mentally reconstruct
the available information to a correct model, volume vi-
sualization assists the understanding of complex vessel
topology considerably. Other approaches which have been
presented [2, 3, 4, 5] for the diagnosis of cerebrovascu-
lar diseases and the planning of neurosurgery rely on
polygonal representations of the structures. However, this
requires time—intensive initial segmentation of the data.
Contrary to that, direct volume rendering proved to be a
better approach [6]. Applying separate functions for color
and opacity, groups of specific data entries are enhanced
or suppressed making separate segmentation dispensable.
The resulting semi—transparent views give insight to inte-
rior structures or show objects which are normally hidden.

An important issue for a convenient analysis is the
interaction between man and machine with most of the
presented systems having limited capabilities for the ma-
nipulation of the data. A very interesting approach to
overcome these limitations was introduced by the “Virtual
Workbench”, presented in [7]. A real 3D interface allows
the user to reach directly into the virtual space. Contrary
to that, we rely on a standard workstation set—up with 2D
input devices.

After a survey of our visualization approach in section
2, interactive clipping of objects with arbitrary geometry
is presented, which was previously published in [1]. Sub-
sequently, in section 3 different registration techniques are
outlined which assist to improve the anatomical orienta-
tion and allow for a comparison with DSA. Finally, a di-
versity of examples shows the value of our approach for the
visualization of small and complex vascular structures.

2 Visualization

A convenient and fast understanding of complex vessel
topology and very small vascular information requires the



interactive adjustment of color and opacity values and the
viewing direction. Therefore, an approach is applied based
on 3D textures, as introduced by [8], which we expect to
be available on PCs in the near future. After loading
the data to texture memory, planes parallel to the image
plane are clipped against the bounding box of the volume.
Rendering is then performed by texturing the resulting
polygons and blending them into the frame buffer.

Since planning of interventions also requires the knowl-
edge of the size of objects and their relative location, con-
venient tools are available to specify trajectory paths and
to measure the distance of points. Visually adjusting the
size of simple geometric objects to the shape of structures
within the 3D display provides information about the vol-
umetric size. For a comprehensive investigation, struc-
tures that are presented very close, are shown in a second
window from a more distant view point.

In case of pre—segmented data different tags are at-
tached to the voxels of every sub-volume. During ren-
dering these tags map the data entries to different ranges
of a single color look—up table. This leads to different vi-
sualization of locally separate structures which cover the
same range of original data values.

Due to the integration into the Openlnventor frame
work, previously presented in [9], which is a 3D—toolkit
built on top of OpenGL, a standardized interface is pro-
vided. Different 3D viewers, editors and manipulators
ensure intuitive manipulation. Thereby, interactive and
user—guided exploration of vascular structure is consider-
ably supported.

Clip planes are very important features in order to ac-
cess interior structures by suppressing visualization in a
half-space. They are addressed separately and manipu-
lated interactively with one of the manipulators of Open-
Inventor. However, it is often desirable to extract or sup-
press a box of arbitrary size and orientation. As presented
by [1], it is possible to account for this by taking advantage
of the OpenGL stencil and depth buffer. For each plane
of the rendering procedure only those parts of the texture
are considered which are inside the clip object. Thereby,
this approach is independent of the applied geometry and
allows interactive clipping of objects with arbitrary shape.

3 Registration

For better anatomical orientation and identification of
critical structures like the optic nerve different registration
procedures are available which allow to combine data of
complementary information leading to more meaningful
images. Since no fiducial markers are used, retrospective
methods are applied which rely on anatomical structures.

In case of two 3D data sets a point based procedure pro-
vides an initial alignment by performing a least squares
optimization of a set of corresponding anatomical land-

marks. Subsequently, a more accurate solution is obtained
with an approach based on mutual information which in-
tegrates registration into the process of visualization, as
suggested in [10]. Similar to the technique used for direct
volume rendering the method uses the imaging and tex-
ture mapping subsystem of graphics computers. Thereby,
all trilinear interpolation operations are completely per-
formed with hardware assisted 3D texture mapping. The
histograms of the data sets which are necessary for the cal-
culation of mutual information are obtained with different
hardware accelerated imaging operations.

For the comparison with DSA (see Figure 1) a method
was implemented which allows for the registration of 2D
images and projection images of 3D data sets [11]. After
distortion correction of the DSA images, starting values
for the automatic registration procedure are determined.
Therefore, corresponding 2D and 3D vessel locations are
selected using three orthogonal MIP images along the
main axes within the MRA data set. After performing a
least squares fit of the corresponding vessel locations the
final transformation is obtained by an automatic conju-
gate gradient optimization based on mutual information.

Figure 1. Comparison of vessel representation by blending DSA
and MRA after registration: (left) DSA showing vessels includ-
ing aneurysm and slice image of MRA — (right) DSA (darker)
and maxim um intensity projection of MRA (brighter).

Results and iscussion

All visualization was performed on an Indigo Maxi-
mum Impact and a S I Onyz Reality Engine I1I. Concern-
ing the trilinear interpolations the underlying hardware
of both workstations deliver the same order of magnitude
of performance. The following examples demonstrate the
value of our approach for the delineation of very small
vascular structures

Figure 2 shows a spinal dural arteriovenous malforma-
tions (dA M). Direct volume rendering (e,f) of a MR
scan using a 3D-CISS sequence visualizes the vessels in
relation to the brain stem and the medulla oblongata.
Due to the nature of the data (see slice image in g) a
“tagged” volume was created after segmentation of the
spinal marrow (black) and the tissue containing the ves-



sel information (white). A more detailed description of
the medical aspects is presented in [12].

For the diagnosis of an incidental cerebral aneurysm
(see Figure 3), registration of CTA and MR(T1) allows
to identify the position of the lesion relative to the optic
nerve. After applying pre—defined look—up tables for
an initial delineation of the vessel structures, color and
opacity values were adjusted interactively.

Similar to vascular information in angiographic data
structures of the inner ear (10 mm) are optimally
delineated (cochlea (a) and the semi-lunar canals (b)
in relation to the canal of the facial nerve).

Figure 5 demonstrates the visualization of a MRA data
set showing intracranial vessels and an aneurysm. In
comparison to CTA, the applied MR methods are less
invasive and allow clear inspection of leasions which
are close to bone structures since they are not con-
tained in the data. After applying an appropriate color
look-up table a semi—transparent representation of the
aneurysm allows to clearly analyse its relation to the
adjacent vessels in a convenient way. A more detailed
description of the medical aspects is presented in [13].

In Figure 6 a sub—volume containing the essential vas-
cular structures is extracted by applying a cuboid for
the interactive clipping with arbitrary geometry.

The selection of an appropriate visualization method for
a specific type of data mainly determines the diagnostic
value of the resulting images. Direct volume rendering was
the only approach to render dAVMs in MR 3D-CISS and
the structures of the inner ear. sing a semi—transparent
representation it produced most informative images for
complex vessel topology in MR- and CT-angiography.
Since the applied visualization approach does not include
lighting effects, the selection of edge enhancing color look—
up tables considerably enhances the perception of depth.
Additionally, the ability of real-time image generation and
the facilities of intuitive manipulation provided by the in-
tegration into Openlnventor contributed most to a conve-
nient and fast analysis of the data.

onclusion

An interactive and intuitive approach for the visualiza-
tion of small and complex vascular structures was pre-
sented which effectively assists pre—operative planning.

sing direct volume rendering based on 3D texture map-
ping intracranial aneurysms in MR- and CT—angiography
are optimally presented for diagnosis. The presented re-
sults demonstrate the value of our approach which has an
impact to improve the diagnosis of dAVMs.

Re erences

[1] R. Westermann and T. rtl. fficiently sing Graph-
ics Hardware in Volume Rendering Applications. In

to appear in SI RA , Conf. roc., 1998.
[2] S. akajima, H. Atsumi, A. halerao, F. olesz, R.
ikinis, T. oshimine, T. Moriarty, and P. Stieg.

Computer-assisted Surgical Planning for Cerebrovas-
cular eurosurgery. eurosurgery, 41 403-409, 1997.

[3] M.A. Melgar, L. amorano, . iang, M. Guthikonda,
V. Gordon, and F.G. Diaz. Three-Dimensional Mag-
netic Resonance Angiography in the Planning of
Aneurysm Surgery. Computer Aided Surgery, 2 11—
23, 1997.

[4] A. Puig, D. Tost, and I. avazo. An Interactive Cere-
bral lood Vessel xploration System. In roc. i-
sualization, pages 433-436, Phoenix, A , 1997.1
Comp. Soc. Press.

[6] R. ikinis, P. Gleason, T. Moriarty, M. Moore,
Alexander III., P. Stieg, M. Matsumae, W. Lorensen,
H. Cline, P. lack, and F. olesz. Computer Assisted
Interactive Three-Dimensional Planning for euro-
surgical Procedures. eurosurgery, 38 640-651, 1996.

[6] A. aufman. Introduction to volume visualization.
IEEE Comp. Soc. ress, 1991.

[7] C. Guan, L. Serra, R. ockro, .Hern, W. owinski,
and C. Chan. Volume-based Tumor eurosurgery
Planning in the Virtual Workbench. In roc. of IEEE

irtual Reality Annual Int. Symp., 1998.

[8] . Cabral, . Cam, and . Foran. Accelerated Vol-
ume Rendering and Tomographic Reconstruction s-
ing Texture Mapping Hardware. ACM Symp. on  ol.

is., pages 91-98, 1994.

[9] O. Sommer, A. Dietz, R. Westermann, and T. rtl.
An Interactive Visualization and avigation Tool for
Medical Volume Data. In V. Skala, editor, SC
Conf. roc., Feb. 1998.

[10] P. Hastreiter and T. rtl. Integrated Registration and
Visualization of Medical Image Data. In to appear in
roc. C I, 1998.

[11] P. Hastreiter and T. rtl. Retrospective Registra-
tion of MRA and DSA based on Mutual Information.
In Abstracts from CIS , Computer Aided Surgery,
1997.

[12] . berhardt, M. Deimling, . Tomandl, I. Schafer,
and W. Huk. MR-Diagnosis of Spinal Dural Arteri-
ovenous Malformations sing a 3D—CISS Sequence.
to appear in Radiology, 1998.

[13] . berhardt, . Tomandl, P. Hastreiter, G. Laub,
T. rtl, and W. Huk. Value of ltrafast 3D-FLASH
Sequences sing Direct Volume Rendering for val-
uation of Intracranial Vessel. to appear in ournal of
Magnetic Resonance in Medicine, 1998.



Figure 2. Spinal dural arteriovenous malformation (dAVM): DSA (a-d) — (e,f) direct volume rendering of a “tagged” MR 3D-CISS data
set after segmentation of the marrow and the tissue containing the vessel information (arrows indicate corresponding landmarks).

Figure 3. Fusion MR(T1) and CTA showing aneurysm. Figure 4. Structures of the inner ear within CT.

Figure 5. MRA showing aneurysm. Figure 6. Interactive clipping with arbitrar y geometry.



