Visualization of Risk Structures for Interactive Planning of |
Image Guided Radiofrequency Ablation of Liver Tumors

Christian Rieder, Michael Schwier, Andreas Weihusen, Stephan Zidowitz and Heinz-Otto Peitgen

Fraunhofer MEVIS, Institute for Medical Image Computing

e

Abstract |

The evaluation of spatial relations of pathological
tissue and potential risk structures Is an essenti-
al part of image guided radiofrequency ablation
(RFA) planning. In this work our aim is to present
novel visualization techniques for interactive RFA
planning to support the physician with spatial infor-
mation of pathological structures as well as the fin-
ding of trajectories without harming vitally important
tissue. Furthermore, we Illustrate three-dimensional
RF applicator models of different manufactures
combined with corresponding ablation areas Iin ho-
mogenous tissue, to enhance the amount of cell
destruction [1] caused by ablation. We also inte-
grated a visualization method using the fuzzy c-
means algorithm. This method automatically defi-
nes a transfer function for volume visualization of

~vessels without the need of a segmentation mask.
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| Methods

The difficulty in displaying anatomical structures
such as vessels or lungs by volume rendering is
to set up an appropriate transfer function using
simple Interaction techniques Ilike windowing,
known from medical workstations. To overcome
this issue and to allow a fast exploration of the
data set, we automatically calculate an approp-
riate transfer function. Due to its robustness to
noise and varying intensity distributions, we uti-
lize the fuzzy c-means (FCM) clustering to deter-
mine adequate grey value thresholds to set up
a transfer function for the volume rendering that
emphasizes liver vessel structures.

We Integrated the tumor mask into the three-
dimensional volume rendering to allow the physi-
cian the exploration of the spatial relations around
lesions [2]. For high-quality visualization results,
each tumor mask is smoothed using a diffusion
filter. To enhance the spatial perception of tumors,
volume shading is enabled. For that, gradients,
which are needed for volume shading computati-
on, have to be computed using a Sobel filter as
a pre-processing step.

Fig.1: Unshaded, shaded and smoothed + shaded
volume rendering of the segmentation mask.
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Fig.3: An illustrative description of an RF applicator
and corresponding affected area.

To visually estimate the amount of cell destruction
caused by ablation, we integrated the rendering of
affected areas, specified as ellipsoids by the ma-
nufacturers, in our volume visualization method.
We change the coloring of lesions and healthy risk
structures, located in the affected area in order to
allow the recognition of the zone of complete de-
struction. Also, silhouettes are drawn at the areas
surface to enhance the boundary of tissue located
inside and outside of the affected area. Technically
we compute in a GLSL shader for every voxel if
its position is inside or outside of the ellipsoid.

Fig.2: The color of the tumor is yellow If it is loca-
ted inside the affected area and blue outside.
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Our volume rendering method with automatic de-
termined transfer function enables a 3D visualiza-
tion of anatomical structures like bones, vessels
and lungs without the need of expansive segmen-
tation tasks [3,4]. Thus an immediate spatial view
of the planning situation is possible with a visual
quality close to visualization techniques of seg-
mented objects such as convolution surfaces. The
visual quality depends mainly on image noise and
contrast between vessels and liver parenchyma.

Furthermore, our proposed technique for the affec-
ted area visualization provides spatial recognition
of untreated tumor tissue. According to the 3D vi-
sualization, a required adaption of the access path
as well as the rapid detection of risk structures
along the trajectory is achieved intuitevely.

Fig.4: Splitted visualization shows vessel structures
using direct volume rendering and convolution sur-
faces of the same data set.
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