Exploring Peritumoral White
Matter Fibers for
Neurosurgical Planning



Clinical Goal

Diffusion Tensor Imaging
(DTI) Tractography has the
potential to bring valuable
spatial information on tumor
‘AN infiltration and tract

Il displacement for

neurosurgical planning of
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Clinical Case

« 35 year-old male
diagnosed with
Glioblastoma multiform
(GBM)

* Diffusion Welighted
Imaging (DWI)
acquisition for
neurosurgical planning




Clinical Goal

The goal of this tutorial is
to explore white matter

fibers surrounding a

tumor using Diffusion
Tensor Imaging (DTI)

Tractography.




Image Analysis Pipeline

The image analysis pipeline
described in this tutorial uses three
different algorithms:

1) Grow Cut algorithm for
segmentation of the tumor parts

2) Marching Cube algorithm for
surface modeling

3) Single tensor streamline
tractography algorithm

for tract generation.




Overview of the analysis pipeline

Part 1: Loading &Visualization of Diffusion Data

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

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

Part 4: Tractography exploration of the
ipsilateral and contralateral side




Part 1. Loading
and Visualization
of Diffusion Data




Diffusion Tensor Imaging
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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 DTI and Baselme 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

@ Slicer File Edit View Help M= B 100%E» Wedi1:21pm Q =
[ ] 3D Slicer 4.4.0-2015-05-21
A b4 @@ Modules: . @ Volumes = QO EPO® @@ & 2 t - PO - K

BiE N [@ Conventional

’ Conventional Widescreen
Conventional Quantitative

Four-Up

Click on the Layout menu and
B = select the layout Red Slice only

4 Help & Acni IUWICUYTIIGH It EE FOur-Up Quantltatlve
Active Volume | BaselineVolume : DL.JaI -
o — - Triple 3D
olume Information 3D Only

v Display [l One-Up Quantitative
Lookup Table:| Jf Grey
w slice only

Interpolate: v .
Window Level editor presets: [ Green slice only
Tabbed 3D

t" : “ ﬁﬂl ﬁ n [E Tabbed slice

B Compare ’

W: 1946 2| Manual W/L s/[L:880 |2 \[M Compare Widescreen |
R Ee— e | Compare Grid
[ Three over three

[ Three Over Three Quantitative
[ Four over four
B Two over Two
[T Side by side
g. § Four by three slice
i Four by two slice
B Three by three slice

<

B G e e A 26.278mm

4

Threshold: Manual
-400 = 20017 |2

v

» Histogram

» Data Probe B: Base...lume B: Base...lume B: Base...lume
5am 5 cm 5 cm




Part 1:
Segmenting the
tumor and ventricles

te Matter Exploration for . . A
Neurosurgical Planning Sonia Pujol, Ph.D. - Ron Kikinis, M.D. NA-MIC ARR 2012-2015



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 will segment
the different parts of the tumor
using a Grow Cut Segmentation
algorithm.

White Matter Exploration for Sonia Pujol, Ph.D. - Ron Kikinis, M.D. NA-MIC ARR 2012-2015

Neurosurgical Planning



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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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.




Tumor Segmentation
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Tumor Segmentation
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Tumor Segmentation
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Tumor Segmentatlon
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Tumor Segmentation

@ Slicer File Edit View Help @M= B 100% B Wedil:44pm Q =
[ ] 3D Slicer 4.4.0-2015-05-21 )
&a |Modules: . |~ Editor = Q. EP O« & <« |0t~ fo Fe il = K

All Modules » @® R & 1S: 58.741mm
(m sl Z Annotations
18 icer
3 - Data
~ DataStore —
» Help & Acknowledgement |# DICOM 7
~ Create and Select Label M~ Editor i
.. Markups

4

Master Volume: Baselinevi_o Models

M Vol ‘ E.:,e Scene Views Set
erge volume: k= Subject Hierarchy et

~ Per-Structure Volumes o Transforms

Add Structure B View Controllers slume
@ Volume Rendering
Numb Color Name Labe@ Volumes 2
007 mass Base u )
293 region 1 Basgi\ Welcome to Slicer
NAaR raninn 2 Racea Y
Delete Al Delet Vizards * irge And Build
1 Informatics v
v/ Replace Models Registration ,
Segmentation »
~ Edit Selected Label Map | Quantification 4
| Diffusion »
= = { IGT ’
Rj® )l | Filtering »
Surface Models »
WS:||iGm:||imm
Blelrt=]2 Converters »
Endoscopy ,
Undo/Redo: |« | v Utilities ’
Developer Tools ’
Active Tool:
1 LegéCy ’ L 2l | BaselineVolume-label (100%)
» Data Probe | MultiVolume Support g B: BaselineVolume )
inspecified , L 1 1w 1y 1, j10em

BRAINS >




Tumor Segmentation

& Slicer File Edit View Help $2 WS B 100%BI Wedi1i:4dpm Q i=
[ @ 3D Slicer 4.4.0-2015-05-21
& & . . a| p = 3 : :
&a |Modules: . | 4 Data = Q. EP O« & <« |0t~ fo Fe il = K
o= REE 1S: 58.741mm

(D 3DSlicer

» Help & Acknowledgement

v Display & Modify Scene
Nodes

- Scene
View1
Red
Yellow
Green
Default Scene Camera
BaselineVolume

BaselineVolume-label
BaselineVolume-mass-label
BaselineVolume-region 1-label
BaselineVolume-region 3-label

The different label maps have
been generated.

Display MRML ID's
Show Hidden nodes

L1

Filter:
» MRML Node Inspector

L: BaselineVolume-label (100%)
B: BaselineVolume

» Data Probe
I S 10 cm




Ventricles Segmentation
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Ventricles Segmentation
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Ventricles Segmentation
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Ventricles Segmentation
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