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ABSTRACT

Virtual Medicine is an emerging and challenging field in Computer Graphics. Numerous visualization methods are used to
model and render data of different modalities. In recent years, Virtual Endoscopy has become a very popular area in Virtual
Medicine. Different approaches address various applications like colonoscopy, bronchoscopy, or angiography. In this paper,
we present an endoscopy system for Virtual Endoscopy of the ventricular system inside the human brain. The main purpose of
this system is to provide support for the planning of complicated endoscopic interventions inside of the ventricular system.
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1. INTRODUCTION

Minimally-invasive neurosurgical procedures are of increasing importance in neurosurgery. In comparison to commonly used
surgical techniques, less healthy brain tissue is damaged. Furthermore, minimally-invasive procedures have less deleterious
effects on the patient. On the other hand, these procedures lack fast access in the case of serious complications, such as stron
bleeding. Therefore, careful planning and realization of this procedure is essential, in order to avoid such complications. This
problemis increased, because handling and control of these endoscopes is very difficult, mainly due to limited flexibility of and
limited field of view through the endoscope, and the sensitive nature of the brain tissue [1].

To optimize the success of these interventions, an improved planning and training environment is required. Traditional
planning of endoscopic interventions in neurosurgery is based on the thorough examination of slice images of a MRI scan.
In cooperation with the Department of Neuroradiology and the Department of Neurosurgery of the University Hospital at
Tubingen, we developed a virtual ventricle endoscopy system, which adds an additional step by using Virtual Endoscopy
methods for examination and planning. In our approach, this step consists of two stages; a preprocessing stage and the actual
Virtual Endoscopy of the ventricular system (Figure 1).

The remaining parts of this paper are organized as follows. We continue with a brief overview of the field of Virtual
Medicine, with a special focus on Virtual Endoscopy applications. Section 3 briefly outlines the medical and anatomical back-
ground. In Section 4, we present technical details of our virtual endoscopy system, which is applied to Virtual Ventriculoscopy
in Section 5. Finally, we conclude and discuss future directions of research.

To appear in the SPIE/BIOS’99 conference proceedings
Send correspondence to:
Dirk Bartz
WSI/GRIS, Univ. of Tubingen
Auf der Morgenstelle 10/C9,
D72076 Tibingen, Germany
Email: bartz@gris.uni-tuebingen.de;



Data aquisition:

T2 MRI scan |

Preprocessing:
- segmentation

- octree based subdivision
- potential field generation

Traditional
planning ¢

Virtual Ventricle
Endoscopy based
Intervention planning

V<—| Virtual Medicine
based planning

Endoscopic
Intervention

Figure 1. Flow of Virtual Endoscopy-based intervention planning.

2. RELATED WORK

There has been quite some work in the field of Virtual Medicine. In this Section, we present a brief discussion of some of the
related work. Among the first is Ref. [2], where methods of Computer-Aided Geometric Design (CAGD) were applied for
planning of cranial surgery.

In Ref. [3-5], Finite Element Methods were used to construct models of tissue of the human body. These models were used
to simulate deformations of the tissue to predict the outcome of plastic or craniofacial surgery. Computer-based anatomical
atlases were introduced byoHrie et al. [6]. Based on CT and MRI volume data, methods of artificial intelligence and volume
rendering were combined. Recently, Serra et al. introduced a framework for stereo-tactic frame surgery [7], using a set of
computer-based tools and a 3D-output device, similar to the virtual table paradigm.

One of the major recent research topics in Virtual Medicine is Virtual Endoscopy. Frequently, the proposed methods
generate off-line animations of virtual cameras simulating an endoscopic session through various hollow organs. In 1994,
Geiger and Kikinis proposed using Finite Element Methods to specify a path of the camera [8]. Similar approaches of automatic
generation of the camera path were investigated by Vining et al.[9], Lorensen et al. [10], and Hong et al. [11]. In contrast,
Rubin et al. manually specify a key-frame interpolated camera path [12]. General Electric Medical Systems (GE) developed
the Navigator, which exploits a ray casting approach to generate the view through a virtual endoscope. The user can freely
navigate through the 3D dataset [13-17].

Hong et al. proposed a new navigation method, implementing the guided-navigation paradigms [18]. By combining distance
fields and kinematic rules, an intuitive scheme for navigating inside the human colon was developed. Furthermore, a customized
visibility algorithm was proposed in order to reduce the number of surface polygons of the inner surface of the colon to a feasible
size. While this system provided a fast and intuitive handling of the virtual endoscope, it required high-end SGI InfiniteReality
graphics for interactive framerates.

Meanwhile, Virtual Endoscopy procedures were applied to a variety of medical applications. Most notably, it was applied
to colonoscopy [18,9], to bronchoscopy [16,14], and endoscopic examinations of blood vessels [15,19]. In 1998, Auer and
Auer [13] used the GE Navigator to apply Virtual Endoscopy methods to ventriculoscopy, the endoscopic examination of the
ventricular system of the human head.

3. MEDICAL BACKGROUND

In minimally-invasive neurosurgery of the brain, existing cavities can be used as a preformed path for movements of the
endoscope, without destruction of brain tissue. Our focus is on the ventricular system of the human brain, in which the brain



liquor (cerebrospinal fluid or CSF) is produced and resorbed. To access the ventricles, a hole is drilled through the skull and a
tube is placed through this hole into the ventricular system. Thereafter, the endoscope is introduced through the tube, which is
used as a stable guide for the endoscope.

Because of the water-like optical property of the CSF - which fills the ventricular system, viewing of the surrounding tissue
is possible. Movement of the endoscope - guided by video-control via the small field of view of the endoscope - is limited by
the tube and the surrounding tissue. Micro-instruments, introduced through an additional canal inside the endoscope, can then
be used to perform the actual minimally-invasive procedure, e.g. removing accessible mass lesions.

Due to respiration and other metabolistic activity, the CSF flows through the cavities inside the human brain. In some cases,
the connection between the third and fourth ventricle - the aqueduct - is blocked by occlusion or stenosis. This causes a serious
disturbance of the natural flow of the CSF, which frequently leads to a dangerous increase of pressure inside the skull and can
damage the brain severely. The clinical picture of this hydrocephalus is one of the major indications for a minimally-invasive
intervention in the ventricular system, where a bypass is realized by perforating the floor of the third ventricle. However, the
limited view and orientation through-out the intervention increases the necessary time of the intervention and consequently, the
inherent risks of serious complications. To overcome these drawbacks, we propose the use of a virtual endoscopy system to
improve the planning of and orientation during this procedure.

4. VIRTUAL ENDOSCOPY SYSTEM

Following Hong et al.[18], we adopted the guided-navigation paradigm in order to provide additional orientation to the users.
This paradigms provides the user with some orientation guidance while ensuring full interactivity and user control. The rendered
scene is a polygonal representation of an extracted isosurface depicting the inner surface of the ventricular system. These
reconstructions usually result in a large number of polygons to be rendered. To reduce this number, a visibility culling scheme
is applied.

(@) (b)

Figure 2. Preprocessing example on a non-segmented dataset. The black line is the projection of the default path of the virtual
endoscope. (a) Octree decomposition of the image stack, (b) Potential field coding the drift to the target point, (c) Potential
field coding the distance to the inner surface of the ventricles.

4.1. Preprocessing

The basis of our preprocessing is a T2-weight MRI scan of the head, acquired using a CISS sequence, where we are especially
interested in a good contrast for the ventricular system. After segmenting the inside of the ventricular cavities using a 3D region
growing algorithm [20], we generate the default path of the virtual endoscope. This path is necessary for the guided-navigation;
the virtual endoscope moves along this path if no user-interaction is used.

The second preprocessing step uses an octree decomposition to generate a spatial subdivision of the volumetric represen-
tation of the image stack (see Fig. 4). Only segmented parts of the ventricular systems are considered for this decomposition



[21]. Based on the generated subdivision, the isosurface representing the inner surface of the ventricles is extracted using the
Marching Cubes algorithm [22].

Finally, three potential fields are generated in order to provide the drift along the default path to the target point at the end
of the path (see Fig. 4), or to the seed point at the start of the path. Furthermore, a potential field coding the distance to the
inner surface of the ventricles is generated (see Fig. 4). The latter potential field is used to implement a collision avoidance
functionality; the closer the virtual endoscope approaches the inner surface, the larger the calculated repulsion draws back the
virtual camera.

4.2. Interactive Virtual Endoscopy
4.2.1. Visibility-based Rendering

After the preprocessing stage, the virtual endoscopic examination is performed. Usually, the polygonal representation of the
ventricular system consists of approximately half a million triangles. Rendering this polygon load in realtime (approx. 20
fps) far exceeds the performance of mid-range state-of-the-art graphics workstations. Consequently, we are using a visibility-
based rendering approach, in order to reduce the actual number of polygons to be rendered. Based on the generated octree-
decomposition of the image stack, each subdivision entity is tested if it is located within the field-of-view (FOV). Only entities
which lie at least partially inside of the FOV can be visible. Therefore, only these are considered for rendering [23].
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Figure 3. User-Interface of the virtual ventriculoscopy system: (a) Slice Panel, (b) Control Panel, (c) Main View, (d) Scout
Panel, and (e) Full Resolution Sagittal Slice Panel.

Using this visibility-based rendering approach, we achieve rendering performance of several frames on low-end graphics
workstations such as a SGLOHowever, this render performance is not really interactive and needs further improvement.
Applying more advanced occlusion culling algorithms is necessary [24]. Last year, Hewlett-Packard released its fx-series of
graphics workstations [25]. These graphics systems provide hardware-support for fast occlusion culling. Running the Virtual
Endoscopy software on a fx4 graphics workstation achieved a framerate of more than 12 frames per second, a rate which is
considered as interactive.

4.2.2. User-Interface

The user-interface consists of four components; the main endoscopic view, the slice panel, the scout panel, and the control
panel. The main endoscopic view (see Fig. 3 (a)) provides the view through the virtual endoscope and some user-interaction,
such as measurements and navigation. Additionally to the main endoscopic view, the system provides the sagittal, transverse,



and coronal cross sections of the image stack (see Fig. 3 (a,e)). The scout panel provides a fully rotatable external view on
the three-dimensional reconstruction of the ventricular system (see Fig. 3 (d). Furthermore, this panel includes the setting and
management of markers, which can be used as orientation points. The final component - the control panel - controls the general
system parameters, navigation, video generation, and volume rendering (see Fig. 3 (b)).

5. VIRTUAL VENTRICLE ENDOSCOPY

(d)

Figure 4. Snapshot from Virtual Ventriculoscopy of dataset A: Normal Left Lateral Ventricle. View from the Anterior Horn
through the Foramen of Monro into Third Ventricle. The arrows indicates the view direction. (a) Coronal section, (b) sagittal
section, (c) transverse section, (d) endoscopic view, and (e) 3D reconstructed ventricular system.

In this Section, we show examples of the Virtual Endoscopy of the ventricular system based on T2-weight MRI scans, acquired
using a CISS sequence. Different areas of the ventricular systems are examined. This includes Lateral Ventricles, Third and
Fourth Ventricle, Foramen of Monro, and Cisterna Magna. In Figures 5-8, we denote left with L and right with R. From the
available views, we selected the endoscopic view on the left, and the sagittal section on the right.

Figure 4 shows an overview of the generated images of the Virtual Endoscopy System. The used MRI scan is of a 28 year
old healthy male (dataset A). Figures 5 and 6 is based on a MRI scan of a 63 year old male patient (dataset B). The first row
of images show the dilated Lateral Ventricles. The final dataset is based on a MRI scan of another patient (dataset C; details



were not available at press deadline) (Figures 7 and 8). Most of the areas of interest are comparable to the respective areas of
the second dataset.

The examined datasets showed most of the anatomical structures in good detail. However, some of the structures are
difficult to determine, due to the lack of texture information which is available through the optical endoscope. Furthermore,
due to partial volume effects, thin structures - i.e., Lamina Terminalis of Third Ventricle - were not always detected by the MRI
scan. This led to a connection between the Third Ventricle and the CSF-filled cavities behind the Lamina Terminalis.
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Figure 5. Snapshot from Virtual Ventriculoscopy of dataset B.

6. CONCLUSION AND FUTURE WORK

In this paper, we presented a virtual endoscopy system for the planning of endoscopic interventions inside the ventricular system
of the human brain. In order to provide an intuitive handling of the virtual endoscope, we applied a guided navigation system as

proposed by Hong et al. [18]. Furthermore, a visibility-based rendering scheme is applied to provide interactive performance

on mid-range graphics-workstations.

So far, we used this system to examine approximately five MRI scans. Although we have found encouraging results with our
preliminary examinations, we encountered some problems as well. Most of these challenges were segmentation problems due
to partial volume effects. Furthermore, three-dimensional orientation within the ventricular system is still difficult. Solutions
to these problems are on the agenda for future research and developments.

Currently, the virtual ventriculoscopy system is in an experimental stage. Consequently, the thorough clinical evaluation
of the usability of this system is another important future research focus. This is especially important if the virtual endoscopy
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Figure 6. Snapshot from Virtual Ventriculoscopy of dataset B.

system is used as a havigation aid during the endoscopic intervention. Last but not least, our system is not limited to this single
application. In the future, we will look into other application of virtual endoscopy.

ACKNOWLEDGEMENTS

This work has been supported by the MedWis program of the German Federal Ministry for Education, Science, Research and
Technology and by hardware of Hewlett-Packard Workstations System Lab, Fort Collins, CO. Datasets were provided by the
Department of Neuroradiology of the University Hospitalbiigen. Special thanks to Dirk Freudenstein of the Department of
Neurosurgery, Barbara Kortmann and Marion Strayle-Batra of the Department of Neuroradiology, Martina ddar erd!

to Michael Doggett for proof reading. Last but not least, thanks to Rupert Kolb, and Mechthild Uesbeck.

REFERENCES

1. F. Duffner, W. Dauber, M. Skalej, and E. Grote, “A New Endoscopic Tool for the CRW Stereotactic Syst&tetan-
tactic and Functional Neurosurgeryol. 67(3-4), pp. 213-217, 1994.

2. M. Vannier, J. Marsh, and O. Warren, “Three dimensional computer graphics for craniofacial surgical planning and eval-
uation,” in Proc. of ACM SIGGRAPHp. 263-273, 1983.

3. S. PieperCAPS: Computer Aided Plastic SurgeBhD thesis, MIT, 1992.

4. R. Koch, M. Gross, F. Carls, D.UuBén, G. Fankhauser, and Y. Parish, “Simulating Facial Surgery Using Finite Element
Methods,” inProc. of ACM SIGGRAPHp. 421-428, 1996.



For

approach from the Left La

era

Centralis, AH = Anterio
Horn.

For

proach from Third Ventricl

- Vi

Monro into Lateral Ventri

cle:
=A

10.

11.

12.

13.

amen of Monro (FM)

| Ventricle: PC = Pai

amen of Monro, a
ew through Foramen

PC = Pars Centralis,
nterior Horn

Figure 7. Snapshot from Virtual Ventriculoscopy of dataset C.

. E. Keeve, S. Girod, P. Pfeifle, and B. Girod, “Anatomy-based Facial Tissue Modelling Using the Finite Element Method,”
in Proc. IEEE Visualizationpp. 21-28, 1996.

. K. H6hne, M. Bomans, M. Riemer, R. Schubert, and U. Tiede, “A 3D Anatomical Atlas Based on a Volume N©BHE&,”
Computer Graphics Applicatiornk2, pp. 72—-78, 1992.

. L. Serra, W. Nowinski, T. Poston, N. Hern, L. Meng, C. Guan, and P. Pillay, “The Brain Bench: Virtual Tools for
Stereotactic Frame Surgery,” Medical Image Analysjs/ol. 1(4), pp. 317-329, 1997.

. B. Geiger and R. Kikinis, “Simulation of Endoscopy,”ARAIl Spring Symposium Series: Application of Computer Vision
in Medical Image Processingp. 138—-140, 1994,

. D. Vining, D. Gelfand, R. Bechtold, E. Scharling, E. Grishaw, and R. Shifrin, “Technical Feasibility of Colon Imaging

with Helical CT and Virtual Reality,” ilPAnnual Meeting of American Roentgen Sogipty104, 1994.

W. Lorensen, F. Jolesz, and R. Kikinis, “The Exploration of Cross-Sectional Data with a Virtual Endoscoger&cative

Technology and New Medical Paradigms for Health G&eSatava and K. Morgan, eds., pp. 221-230, 1995.

L. Hong, A. Kaufman, Y. Wei, A. Viswambharan, M. Wax, and Z. Liang, “3D Virtual ColonoscopyEE Symposium

on Biomedical Visualizatigrpp. 26—32, 1995.

G. Rubin, C. Beaulieu, V. Argiro, H. Ringl, A. Norbash, J. Feller, M. Dake, R. Jeffrey, and S. Napel, “Perspective Volume

Rendering of CT and MR Images: Application for Endoscopic ImagingRadliology vol. 199, pp. 321-330, 1994.

D. P. Auer and L. M. Auer, “Virtual Endoscopy - A New Tool for Teaching and Training in Neuroimaditgrhational

Journal of Neuroradiology, pp. 3—14, 1998.



Floor of Fourth Ventricl
LV = Lower Vermis, CP
Choroid Plexus, FL = Forg
men Luschkae, FM = For
men Magendii

Cisterna Magna: PICA
Posterior Inferior Cerebell:
Artery, MO = Medulla Ob.
longata.

14

15.

16.

17.

18.

19.

20.

21.

22.

Rostral

Dorsal

Rostral

Figure 8. Snapshot from Virtual Ventriculoscopy of dataset C.

. J. Rodenwaldt, L. Kopka, R. Roedel, A. Margas, and E. Grabbe, “3D Virtual Endoscopy of the Upper Airways: Optimiza-
tion of the Scan Parameters in a Cadaver Phantom and Clinical Assessioaml of Computer Assisted Tomography
21(3), pp. 405-411, 1997.

B. Marro, D. Galanaud, C. A. Valery, A. Zouaoui, A. Biondi, A. Casasco, M. Sahel, and C. Marsault, “Intracranial
Aneurysm: Inner View and Neck Identification with CT Angiography Virtual Endoscaojiyitnal of Computer Assisted
Tomography21(4), pp. 587-589, 1997.

G. R. Ferretti, D. J. Vining, J. Knoplioch, and M. Coulomb, “Tracheobronchial Tree: Three-Dimensional Spiral CT with
Bronchoscopic Perspectivelburnal of Computer Assisted Tomograf@9(5), pp. 777-781, 1996.

C. P. Davis, M. E. Ladds, B. J. Romanowski, S. Wildermuth, J. F. Kopflioch, and J. F. Debatin, “Human Aorta: Preliminary
Results with Virtual Endoscopy Based on Three-dimensional MR Imaging Data Batlilogy199, pp. 37—40, 1996.

L. Hong, S. Muraki, A. Kaufman, D. Bartz, and T. He, “Virtual Voyage: Interactive Navigation in the Human Colon,” in
Proc. of ACM SIGGRAPHp. 27-34, 1997.

E. Gobbetti, P. Pili, A. Zorcolo, and M. Tuveri, “Interactive Virtual Angioscopy Pmc. of IEEE Visualizatioypp. 435—

438, 1998.

D. Welte, T. Grunert, U. Klose, D. Petersen, and E. Becker, “Interactive 3D Segmentation and Visualization of Vessels,”
in Computer Assisted Radiologyp. 329-335, 1996.

D. Bartz, R. Grosso, T. Ertl, and W. Straf3er, “Parallel Construction and Isosurface Extraction of Recursive Tree Struc-
tures,” inProc. WSCG, Plzervol. 11l, 1998.

W. Lorensen and H. Cline, “Marching Cubes: A High Resolution 3D Surface Construction AlgorithRrdénof ACM
SIGGRAPHpp. 163-169, 1987.



23. B. Garlick, D. Baum, and J. Winget, “Interactive Viewing of Large Geometric Databases Using Multiprocessor Graphics
Workstations,” INSIGGRAPH’90 course notes: Parallel Algorithms and Architectures for 3D Image Generafiea.

24. T. Hittner, M. MeiBner, and D. Bartz, “OpenGL-assisted Visibility Queries of Large Polygonal Models,” Tech. Rep.
WSI-98-6, ISSN 0946-3852, Dept. of Computer Science (WSI), Universitybirigen, 1998.

25. N. Scott, D. Olsen, and E. Gannett, “An Overview of the VISUALIZE fx Graphics Accelerator Hardwére Hewlett-

Packard Journa(May), pp. 28—-34, 1998.



