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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..
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Clinical Case

* 35 year-old male
diagnosed with
Glioblastoma multiforme
(GBM)

* Diffusion Weighted
Imaging (DW!I) acquisition
for neurosurgical planning
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Clinical Goal

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

The image analysis pipeline
described in this tutorial uses three
different algorithms: the “Grow Cut”
algorithm for segmentation of the
tumor parts, the Marching Cube
algorithm for surface modeling,

and the single tensor

streamline tractography algorithm

for tract generation.
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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
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Loading DTl and Baseline Data
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“ Welcome & About

3pslicer \Welcome

Select File> Add Data
in the main menu

3D Sliceris a free open source software platform for medical image processing and 3D visualization of image data. This module contains
some basic information and useful inks to get you started using Slicer. Please see our webssite hittp:/fwww slicer org and the documentation on
our wiki for more information: http:hvwy Slicer orgfslicer hi/D 36

3D Sliceris distributed under a tyle license; for details about the contribution and software license agreement, please see
htto v sicer orajeci-biniL LicenseForm.pl. The software has been desicned for research purposes only and has not been
reviewed or approved by the Food and Drug Administration, or by any other agency.

Hint: to open any information panel below, click on its arey title bar

Doni't show this module on startup.

¥ Overview

~ Basic & Extended Modules X

~ Loading Scenes & Data.

Saving Scenes & Data

~ Adiusting Data Display

~ Configuring Viewers & Layout
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¥ Mouse Modes
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~ Customizing Slicer

~ Other Useful Hints
~ Community
¥ Acknowledgment

Manipulate Sice Views
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“ Manipulate 3D View
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Loading DTl and Baseline Data
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Loading DTl and Baseline Data
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Loading DTl and Baseline Data
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Loading DTl and Baseline Data
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Loading DTl and Baseline Data

Fle Edit Mew Window Help Feechack
@ todules: Volumes

LEEEF
r\ DSlicer i

™ Help & Acknowlecgement
“ Load

(] Select Volume File
Volume Name: Output Baseline Volume
Image Crigin: From Fle

Image Orientation: | From Fie

Label Map (7] Single Fle

Keepall | apply Previous Next
Active Volume: Output Baseline Volume =
~ Display

Lookup Table Grey =

@ interpolate

Window Level Editor Presets.

'L :{ CT-abdomen | CT-brain | CT-ung

Volume Window Level Presets:

WindowiLevel: | panual 5003 15898
I
Threshold. off 0 18197

Jpcate Histogram Interactively

s B et st onl yout

‘onventional layout
onventional widescreen layout

our-up layout
30 only layout

L Vellow slice only layout

[ veen sice only iyout

abbed 30 layout

[ ratioea sice ayout
B compare ayout

mtompm widescreen layout

[ sicte-y-sie gt ayout
Togale GUI panel visiviity
Toggle GUI panel LiR

close

Select Red Slice Only

4

[0, 18187 % [0, 1]

i

[# Update Display On Load

“ Manipulate Slice Views

wmEA

“ Manipulate 3D View

Output Baseline Volume RAS: (1.9, 104.4, 185.0), By LIK: (129, 4, 66), By: Out of Frame,

sl

Hone

s

None

Baseline volume

S

s8.741

anan

sagittl

Hone

s

None

Baseine volume

129 [2927

Coronal

None

None

Baseline volume

129 [25778

N




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’ Il segment
the different parts of the tumor
using a Grow Cut Segmentation
algorithm.
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Tumor Segmentation
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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

- 3DSlicer Version 3:6:3
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Tumor Segmentation
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Tumor Segmentation
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The label map BaselineVolume-label-growcut has been split into
three volumes:

-BaselineVolume-tissue-label (label1): 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 Segmentation
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Final Result of the Segmentation
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Final Result of the Segmentation

-

Fle Edit Mew Wndow Help Feecback

B8 =~ [ =~ - NDeSr— B
B sosiicer i =

V.~ Gaseinevolme abebsrowest Conventional widescreen layout
B Four-um iyt

~ Help & Acknowlecigement

“ Create & ¢

Master Volun

.~ Select Conventional

Per-Structy

Add Struct E Green slice only layout

[ Number] ay«)u [ rooweat 30 byout

1

Tabbed slice layout
2 bone BaselineVolume-I| ﬁ g
5 I biood BaselineVolume-| B compare ayout
| ﬂ Compare widescreen layout

= ] =

Side-by-sice lighthox layout
Replace Models D] ¥- gt i

Togale GUI panel visiviity
Toggle GUI panel LiR

Delete Structures | Merge | Merge And Build

“ Eciit Selected! Label Map

close
wels SO

Active Tool Savelsland

ME e

Scope: a

Cancel UndofRedo

~ Manipuiate Slce Views

EEfDEEEEEG

“ Manipulate 3D View

Hone

Baselinevolume

White Matter Exploration for

Neurosurgical Planning Sonia Pujol, Ph.D. — Ron Kikinis, M.D.

NA-MIC ARR 2011



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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Tractography Parameters
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Tractography Results
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Tractography Results
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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
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