Exploring Peritumoral White
Matter Fibers for
Neurosurgical Planning



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.




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




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
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Loading DTl and Baseline Data

[ 3D Slicer 4.5.0-1
Modules: & Volumes s = Q E@P O @ & 7 $ ~ fo S il = K
ex =1 K
N% icer 1
[B o The user can manually adjust the
» Help & Acknowledgement < WlndOW Level edItOI’ presets W|th
Active Volume | BaselineVolume o the V0|ume mOdU|e menu
» Volume Information
v Display
Lookup Table:| Jf Grey $
Interpolate: v
Window Level editor presets:
L UEY i [@ &
W: 1599 £ Manual W/L $/|L:890 £
Threshold: Manual 3 IR S:58741mm |~ Y & R:3.427mm B G B A: 26.278mm
721 S
» Hjstogram

v Data Probe

Show Zoomed Slice

B: BaselineVolume B: BaselineVolume B: BaselineVolume

o




Loading DTl and Baseline Data
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Part 1:
Segmenting the
tumor and ventricles




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.




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

e i 3D Slicer 4.5.0-1
&a Modules: . |~ Editor (" QO EPO @ AN = I T A Fo -8 e
@ 3DSlicer

» Help & Acknowledgement
» Create and Select Label Maps

v Edit Selected Label Map

RG] 4| X = || ||
o e ¢ x| Set Radius to 4

Undo/Redo:  «
Active Tool: PaintEffect
Label: cyst 309 =
¥ Paint Over
Threshold Paint
Radius: 4.000mm [ J{px:|2|3/|4|5/|10/20
Sphere

v Data Probe

Show Zoomed Slice

o

L: BaselineVolume-label (1
B: BaselineVolume

10 cm




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 Segmentation
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Tumor Segmentation
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Tumor Segmentation
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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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Ventricles Segmentation

o i 3D Slicer 4.5.0-1

B2 20 S Modules: ~ Editor = QO EPO @ & 2|0t~ 8 = 5 il = K

@ "
rD 3DSlicer
=4
Add Structure Split Merge Volume
Numb Color Name Label Volume =
007 mass Ba:

() / /antricles of Nrad
»

=h

selineVolume-mass-label

Delete All ||Delete Selected/| Merge All ||Merge And Build

¥/ Replace Models

v Edit Selected Label Map

e 4%

EOR AR

Undo/Redo: |« | v A\ o \
Active Tool: befauttfool  Sljcer displays the result of reshold
Label: ventricles of brain| 107 =

v

v Data Probe

Show Zoomed Slice

o

L: BaselineVolume-ventricles of brain-label (100%)
B: BaselineVolume




Ventricles Segmentation

o i 3D Slicer 4.5.0-1

B2 20 S Modules: ~ Editor = QO EPO @ & 2|0t~ 8 = 5 il = K

@ "
rD 3DSlicer
=4
Add Structure Split Merge Volume
Numb Color Name Label Volume =
007 mass Ba:

() / /entricies ni

=h

selineVolume-mass-label

Delete All ||Delete Selected/| Merge All ||Merge And Build

¥/ Replace Models

v Edit Selected Label Map

wlelv|z|<|a
LIRS - A OB S

Undo/Redo: |« | v
Active Tool: DefaultTool

Label: ventricles of brain| 107 =

v Data Probe

Show Zoomed Slice

o

L: BaselineVolume-ventricles of brain-label (100%)
B: BaselineVolume




Ventricles Segmentation

o 3D Slicer 4.5.0-1
&

Modules: . | ~ Editor

¢___,,'F?E@Q%:::/Et'm£@_ 'a"‘
@ .
{D 3DSlicer
4
Add Structure Split Merge Volume
Numb Color Name Label Volume =

007 mass Ba:
0 /e [z b

seli

=S () [N A =

neVolume-mass-label
als /e ng nf hrid
»

Delete All ||Delete Selected/| Merge All ||Merge And Build

¥/ Replace Models
v Edit Selected Label Map

R | ®B|| 4

/7

R A

Undo/Redo: |« | v

reiveClick in the occipital horn of
Laver: the ventricle .

v Data Probe

| Red RAS:( 269, 2.3, 585) Axial Sp:2.6

L BaselineVolu...ain-label ( 103, 151, 25) ventricles of brain (107)
F None

L: BaselineVolume-ventricles of brain-label (100%)

B BaselineVolume (103, 151, 25)3507 B: BaselineVolume




Ventricles Segmentation

[ ] [ 3D Slicer 4.5.0-1
Modules: ~ Editor (= QQ EV® & & <« |0t~ fo S il = K
@ ® "
rB 3DSlicer
=4
Add Structure Split Merge Volume .
Numb Color Name Label Volume =
007 mass BaselineVolume-mass-label
| 107 ventricles of brain BasealineVo Ve 0Q b

4

Delete All ||Delete Selected/| Merge All ||Merge And Build
« replace ModeSliCer displays the results of the
segmentation of the lateral ventricle.

v Edit Selected Lab_ T

R | ®B|| 4

Gl A

Vo's

B
B4

Undo/Redo: |« | v

Active Tool: SavelslandEffect

Label: ventricles of brain| 107 =

v Data Probe

| Red RAS:( 27.6, 5.3, 58.5) Axial Sp:2.6

L BaselineVolu...ain-label ( 103, 148, 25) ventricles of brain (107)
F None L: aneIi.ne\"‘i;lume-\‘enmcles of brain-label (10
B BaselineVolume (103, 148, 25)3242 B: BaselineVolume




Ventricles Segmentation

[ ] [ 3D Slicer 4.5.0-1
&

B2 20 S Modules: ~ Editor = QO IE@P® @ & 2|0t 8 2 5 il = K

rD 3DSlicer

=
Add Structure Split Merge Volume
Numb Color Name Label Volume =
007 mass BaselineVolume-mass-label
| 107 ventricles of brain RasalineValuime-ventricles of hrid
4 »

Delete All | Delete Selected| Merge All | Merge And Build

terge all structures
into Merge Volume
and build models

from all structures
—

¥/ Replace Models

v Edit Selected Label Map

B4 | X8 = E E | EE

8
=% Scroll b_acn:kgup and cllick on Merge

undore@nd Build to merge the three label
acive oMaps, and generate 3D models of
L. the tumor and ventricles using a
... Marching Cubes algorithm.

v Data Proue

Show Zoomed Slice

L: BaselineVolume-ventricles of brain-label (100%)
B: BaselineVolume

o




Final Result of Segmentation
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Final Result of Segmentation
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Definition of peri-tumoral volume
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Definition of peri-tumoral volume
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Definition of peri-tumoral volume
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Part 2: Tractography
exploration of peri-
tumoral white matter

fibers
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Part 4: Tractography
exploration of the
ipsilateral and
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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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