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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

Image Courtesy of Dr. Alexandra Golby, Brigham and Women’ s .
Hospita, Boston, MA. tumor resection.
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Clinical Case

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

 Diffusion Weighted
Imaging (DWI)
acquisition for
neurosurgical planning
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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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Image Analysis Pipeline

The image analysis pipeline

described in this tutorial uses three
- 9 different algorithms: the "Grow Cut”

{i\\T((/// ~ 4 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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Loading DTl and Baseline Data
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Loading DT| and Baseline Data
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Loading DTl and Baseline Data

& 3D Slicer 4.2.0-2013-07-21 a
File Edit View Help
@ Modules: &Y Welcome to Slicer i Qv PO &« 7 4~ An R, . E o

@ &1 &

2 Click on the pin icon to
display the slice menu,
- then click on the link
. icon|®| to link the 3
. .., anatomical viewers.
_ Make sure that the
. ... background is set to
., BaselineVolume

> Di

» Th

A:26.278mm

» Mouse & Keyboard

» Documentation & Tutorials

~n BaselineVolume_1

~y
i ‘ DTIVolume_1

» Acknowledgment
v Data Probe

Ly
- Rename current Volume
: ‘«’4{ !;\"“




Loading DTl and Baseline Data
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Loading DT| and Baseline Data
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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 will segment
the different parts of the tumor
using a Grow Cut Segmentation
algorithm.
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Tumor Segmentation

File Edit View Help

3D Slicer 4.2.0-2013-07-21
@ Modules:

- o ENW
@ Volumes (1= Q0 QPO «d 2 O t-E = 5 = K>
@® aR .
» @ 4+ v|Axial :
s 3DSlicer =
L

$:61.341mm
+ |BaselineVolume

» Help & Acknowledgement

-
4
-

Active Volume | BaselineVolume

Rld

» Volume Information

-0 Slicer displays only the
- Axial anatomical slice in
windo the Viewer

bV X B €] XA

W:5794 = |Manual W/L sL:2371 I
Threshold: Off :
-1820 = 20017 |,

» Uicknaram b
¥ Data Probe

| Red RAS:(104.8,-58.6,61.3) Axial Sp: 2.6
L None ()
F None ()

B BaselineVolume (26, 212, 26) 1




Tumor Segmentatlon
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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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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 Segmentatlon
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Tumor Segmentation

£ 3D Slicer 4.2.0-2013-07-21 - o IEW
File Edit View Help
Ba Modules: | 4 Data (= QOO e~ Ot~ fo 5o L=

@®

9 3DSlicer

v Display & Modify Scene 2
Nodes
=Scene
View1l
Red
Yellow
Green
Default Scene Camera
BaselineVolume
DTIVolume
BaselineVolume_1

BaselineVolume-label
BaselineVolume-mass-label

The different label maps have
been generated

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

Scene Model:| Transform s

¥ Data Probe




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
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Ventricles Segmentation
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Final Result of Segmentation
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Final Result of Segmentation

- 3D Slicer 4.2.0-2013-07-21

File Edit View Help
&3 |Modules: . | 2 Editor = 0OV e« Ot~ Ra Re, =

@ X

(

m 3DSlicer

=4

: Click on Merge and Build to
Master Volume: |BaselineVolume s 0

merge the different label maps,
Merge Volume: BaselineVolume-label Set...
- perStructure Volumes and generate the 3D models of
Add Structure Split Merge Volume the tumor and ventricles using
Nu7mbe Colol Name [I;abell.VOIu Order 3 a MarChlng CUbeS algorlthm
Dﬂe’lx;te Struc£-l;r;s - _II\:/.I-e_rge All Merge And Build

¥ Replace Models
v Edit Selected Label Map

RI|IG|| 4| S| B @ |
¥ Data Probe




Final Result of Segmentation

5 3D Slicer 4.2.0-2013-07-21 - o=

-

File Edit View Help
&3 |Modules: . | 2 Editor = 0OV e« Ot~ Ra Re, il =

@ X

:@ 3DSlicer

Master Volume: |BaselineVolume

Merge Volume: BaselineVolume-label Set...
¥ Per-Structure Volumes

Add Structure Split Merge Volume

Numbe Coloi Name Label Volu Order
7 mass Baseline...

Ann . LA W S

Delete Structures Merge All Merge And Build

¥ Replace Models

~rarsel Slicer displays the results of the

== merging of the segmentations of
"™ the ventricles and the tumor in the
Viewer




Final Result of Segmentation

£ 3D Slicer 42.0-2013-07-21 - s IEH
File Edit View Help
&3 |Modules: 7 Editor Al G’ O' U O e d Bt~ o So, 80

S:58.741mm

@= MR 5 Conventional

B Conventional Widescreen
Conventional Quantitative
H Four-Up

B Four-Up Quantitative

@ 3DSlicer

4

Master Volume: |BaselineVolume

Merge Volume: BaselineVolume-label Set... Dual 3D

[ Triple 3D

3D only

lwl One-Up Quantitative

¥ Per-Structure Volumes
Add Structure Split Merge Volume

Numbe Coloi Name Label Volu Order [ Red slice only

7 mass Baseline...

Ann R LA W S

& Yellow slice only

O Green slice only

Tabbed 3D

= Tabbed slice

H Compare »

Delete Structures Merge All Merge And Bui

¥ Replace Models

~witseeaec Glick on the Layout menu and
==~ select Conventional

¥ Data Probe

[ Compare Widescreen 4
B Compare Grid »
H Three over three

H Three Over Three Quantitative
8 Four over four

B Two over Two

[ Side by side
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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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