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Clinical Goal

Diffusion Tensor Imaging (DTI)
Tractography has the potential
to bring valuable spatial
information on tumor
infiltration and tract
displacement for neurosurgical
planning of tumor resection.

Image Courtesy of Dr. Alexandra Golby, Brigham and Women’s
Hospital, Boston, MA. Neurosurgery 2011 Feb; 68(2):496-505.
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Clinical Goal

The goal of this tutorial is
to explore white matter
fibers surrounding a
tumor using Diffusion
Tensor Imaging (DTI)
Tractography.
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Clinical Case

e 35 year-old male diaghosed
with Glioblastoma
multiforme (GBM)

* Diffusion Weighted Imaging
(DWI) acquisition for
neurosurgical planning

( White Matter Exploration Dataset)
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Material

This tutorial uses the Slicer3.6.3 release
version available at www.slicer.org

Windows XP: Slicer3-3.6.3-2011-03-04-win32.exe
Mac OS: Slicer3-3.6.3-2011-03-04-darwin-x86
Linux_x86: Slicer3-3.6.3-2011-03-04-linux-x86

Linux_x86_64: Slicer3-3.6.3-2011-03-04-linux-
x86_64


http://www.slicer.org/

Overview of the analysis pipeline

Part 1: Loading &Visualization of Diffusion Data

Part 2: Segmentation of the ventricles, and
solid and cystic parts of the tumor

Part 3: Tractography reconstruction of the
white matter fibers in the peri-tumoral volume

Part 4: Tractography exploration of the
ipsilateral and contralateral side
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Part 1: Loading
and Visualization
of Diffusion Data
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Diffusion Tensor Imaging

- N —hoil D&
LS:- — LSTO e & =8

(Stejskal and Tanner 1965, Basser 1994 )

XX Xy XZ
g:
yX Yy yz
ZX zy z7

White Matter Exploration for
Neurosurgical Planning Sonia Pujol, Ph.D. — Ron Kikinis, M.D. © NA-MIC ARR 2011



Loading DTI and Baseline Data
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Loading DTI and Baseline Data
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Loading DTI and Baseline Data
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Loading DTI and Baseline Data
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Loading DTI and Baseline Data

3D Slicer Version 3.6.3
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Loading DTI and Baseline Data

Slicer Versio
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Part 1:
Segmenting the tumor
and ventricles
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Tumor Segmentation

Solid part

The tumor in this clinical case is
composed of two parts: a solid
part, and a cystic part.

In this section, we’'ll segment the
different parts of the tumor using
a Grow Cut Segmentation
algorithm.
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Tumor Segmentation

3D 'Slicer Version'3.6:3
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Select the module Editor from
the main menu

Select the Grow Cut Segmentation ¥
tool from the Editor toolbox
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Grow Cut Segmentation

« The Grow Cut Segmentation method
IS a competitive region growing
algorithm using Cellular Automata.

* The algorithm performs multi-label
Image segmentation using a set of user
Input scribbles.

* V. Vezhnevets, V. Konouchine. "Grow-Cut" -
Interactive Multi-Label N-D Image
Segmentation". Proc. Graphicon. 2005 .
pp. 150-156.
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Tumor Segmentation
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Tumor Segmentation
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Tumor Segmentation
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Tumor Segmentation
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Tumor Segmentation
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Tumor Segmentation
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Tumor Segmentation

three volumes:
-BaselineVolume-tissue-label (labell): cystic part of the tumor

-BaselineVolume-connective tissue-label (label 4): ventricles
-BaselineVolume-blood-label (label 5): solid part of the tumor
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Ventricles Segmentation
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Ventricles Segmentation
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Ventricles Segmentation
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Ventricles Segmentation
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Final Result of the Segmen
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Final Result of the Segmentation
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Final Result of the Segmentat
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Final Result of the Segmentation
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Part 2: Tractography
exploration of peri-
tumoral white matter

fibers
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Definition of the peri-tumoral volume
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Definition of the peri-tumoral volume
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Visualization of the DTl Volume
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Tractography Parameters
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Tractography Results
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Tractography Results

ndow  Help  Feedback

Fiberundles

=== Select the module FiberBundles and
| turn on the visibility of the tubes

@ DSlicer

" Help & Acknowlecigement
~ Load
~ Display

FiberBuncie Select Labelmap Seeding Kodel

Line | Tube | Giyph

Tube Display

Visibiity

Color By Fractionalénisotropy
Fiber coloring (&] Tensor property

Fiber cluster ID

Sealar Color Map

Clipping
Opacity

| set Color.

-] orvotne E
26 |S8.741 129 |2.927 129 [25.778

“ Manipulate Sice Views

EEDODEEE

“ Manipulate 3D View

(-
[ F ]

DTVolume RAS: (167.9, 166.8, 56.1), By WK: (-37, -14, 24), Lb: Out of Frame , By: CBO,

R




Tractography Results
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Part 4: Tractography
exploration of the
ipsilateral and
contralateral side
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Tractography on-the-fly
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Tractography on-the-fly
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Fiducial Seeding
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Fiducial Seeding
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Tractography on-the-fly
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Tractography on-the-fly
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Tractography on-the-fly
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Conclusion

* Fully integrated pipeline for semi-automated
tumor segmentation and white matter tract

reconstruction
* 3D interactive exploration of the white matter

tracts surrounding a tumor (peri-tumoral
tracts) for neurosurgical planning

* Validation of tractography findings still needed
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DTI Tractography for Neurosurgical Planning: A Grand Challenge

Walcome to the ‘DTI Trectography for Neurcsurgical Planning: A Grand Challenge’ werkshop. The goal of this initistive is to cempare Diffusion Tensor Imeging Tractography slgerithms
for recenstructing white matter bundles for pre-surgical planning. The workshop is part of the 14th Intemetional Conference on Medical Image Computing and Computer Assisted
Intervention MICCAI 2011 @, to be held from 18th to 22th September 2011 in Toronto, Canada.

Overview

Diffusion Tenser Imaging (DTI) tractegraphy has a unique potential for neurcsurgicsl planning since it provides a
windaw on the complex organization of whits metter pathways in-vivo. During the past decede, the MICCAI
community has been & major contributor to the development and refinement of & wids varisty of advanced
tractegraphy techniguas. Still the transfer of these cutting-2dge algerithms to dinical routing is hindared by the
difficulties of validating tactography results. The DTI Tractogrephy Challenge warishop will give participants the

appartunity to evaluate the parformances of their tractography algerithms in a neurasurgical contexd. Participants
will gain insights on the cumently available gold-standard for evalusting tractography results in the Operating Room,
in the absence of ground truth.
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