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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 .
Hospital, 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
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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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 Sggmentation
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Tumor Segmentation
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Tumor Segmentation
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Tumor Sggmentation
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Tumor Seg,mentation
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Tumor Sggmentation
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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 Seg[Qentation
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Tumor Segmentation
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Tumor Segmentation

3D Slicer 4.2.2-2013-08-26
File Edit View Help

N x|
* Scroll up the Editor menu and 2 BAL BRIl BRIkl
I select the tab Per-Structure

3 el Volumes. Then click Split Merge
Volume

Y Cre 3

Master Wolume: |BaselineVolume s

Mer lume: BaselineVolume-label Set...

¥ Per-Structure Volumes

Add Structure Split Merge Volume

Delete Structures Merge All

Merge And Build

¥ Replace Models

~ Data Probe

White Matter Exploration for

\ A . Sonia Pujol, Ph.D. — Ron Kikinis, M.D. NA-MIC ARR 2012-2014
eurosurgical Planning



>

-

Tumor Segmentation
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Tumor Segmentation
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Tumor Segmentation
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Ventricles Segmentation

£ All Modules »  Legacy » ! 3D Slicer 4 -08-26 - 5
File Edit View Help .
g 3 % IModul W Zanogions e ’ﬁo%?& Al IERl BN a
@ (oo odules: g / - B
A Data Work in Progress » 2
& DICOM
@ 3DSlicer Editor
Markups
» Help & Acknowledgemen
@ Models
~ Display & Modify Scene |% Scene Views
Nodes % Transforms
-Scene M view Controllers
View] @ Volume Rendering
Red
Yellow @ Volumes
Green £ Welcome to Slicer
Default Scene Camera i
é Wizards »
BaselineVolume
DTIVolume Informatics 4
BaselineVolume-label Registration »
BaselineVolume-mass-lab Segmentation >
BaselineVolume-region 1- | oo
s g' Quantification »
BaselineVolume-region 3-
Diffusion »
Scene Model: Transform IGT >
v Data Probe Filtering N
Surface Models »
L Converters 4
r Endoscopy »
B Utilities 4
Developer Tools »
White Matter Exploration for . . S
: Sonia Pujol, Ph.D. — Ron Kikinis, M.D. NA-MIC ARR 2012-2014

Neurosurgical Planning



Ventricles Segmentation
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Ventricles Segmentation
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Ventricles Segmentation
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Ventricles Segmentation

File Edit View Help

 Slicer 4

& Modules: . |~ Editor

=000 & 2 MIt-B8 = M

@®

o -
-

{a 3DSlicer
=4
7 1id>> Dd>cllIc...
Delete Structures Merge All Merge And Build

¥/ Replace Models

~raseced it Slicer displays the result of the

==z threshold

oellevzzee

Undo/Redo: |« | v

Active Tool: DefaultTool

Label: region 3 295

] ¥ Data Probe

vg

- o ES

White Matter Exploration for
Neurosurgical Planning

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

NA-MIC ARR 2012-2014

(>}



gmentation

3D Slice 13-08-26 - o IER
File Edit View Help

B@ Modules: . |~ Editor

o)

=090 «@ <~ |EIt-18 = nl+- 0

@ ®
“i 3DSlicer
7

id>> Dd>clliIc...

o -
-
Ann P > ST )

VDeIete Structures Merge All i Merge And Build 7

¥/ Replace Models

v Edit Selected Label Map

x=]w2]r]a)[ === =E
EEIEIEEE

h
B4 |
B
©
®

Undo/Redo: | v

EEETET S Select the SavelslandEffect
ki il = - in the Editor module

'~ Data Probe

White Matter Exploration for

\ . : Sonia Pujol, Ph.D. — Ron Kikinis, M.D. NA-MIC ARR 2012-2014
eurosurgical Planning



ey

A

Ventricles Segmentation
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Part 2: Tractography
exploration of peri-
tumoral white matter

fibers
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Tractography on-the-fly

File Edit View Help
B Modules: .

& !ﬂ: 3DSlicer
i

[ * Help & Acknowledgemen

.

Use Index Space

Seed Spacing
Random Grid

Linear Measure Start Thresh

~ Tractography Seeding Pa

Minimum Path Length

Maximum Length

Stopping Criteria

Stopping Value
Stopping Track Curvature
Integration Step Length{mm

]

7777777777777,

[Restore Defaults“ AutoRun
[ * Data Probe

All Modules »  Legacy 4

»

Z Annotations Testing

4 Data
& DICOM
< Editor

Q9 a&d « t-18 W R+~ 183

Work in Progress »

Markups
© Models

- -

Click on the Modules ménu and select the module
Tractography Interactive Seeding

fa Scene Views

% Transforms

H view Controllers
® Volume Rendering
@ Volumes

& Welcome to Slicer

Wizards

Informatics

Registration

1 R:3.427mm

Segmentation >
Quantification >
-lt DW!I to Full Brain Tractography
IGT ¥ | & Tractography Display
Filtering | Diffusion Data Conversion
Surface Models  » BT ETIR 3 I A D ETe
Converters *  Diffusion Weighted Images » & Resample DTI Volume
Utilities 4

# Tractography Label Map Seeding
Developer Tools

White Matter Expl

Neurosurgical Planning

oration for

Sonia Pujol, Ph.D. — Ron Kikinis, M.D. NA-MIC ARR 2012-2014




@
File Edit View Help
B | Modules:

@ 3DSlicer

* Help & Acknowledgement

10

Parameters|FiducialSeedingParameters

Presets Slicerd Interctive Seeding Defaults

v 10

Input DTI Volume

Tractography on-the-fly

3D Slicer 4.2.2-2013-08-26 - g

Tractography Interactive Seeding ¢ =™ @ Q. @ @ & & ~ £~ fo Fa -8

DTIVolume

Input Fiducials, Model or Label Map|Select a MarkupsFiducial

Output Fiber Bundle
Enable Seeding Tracts

~ Seed Placement Options

Fiducial Region Size =

Select a FiberBundle

¥

Fiducial Seeding Step Size ==’

Seed Selected Fiducials
Max Number of Seeds 100

* Data Probe

ey 1B S 8oseiineVolumg ‘ .

2.50mm
1.00mm

@ @ = 1

Position the mouse over the pin
slice viewer and change the volume to DTIVolume

e ——

icon in the axial

BaselineVolume-label

BaselineVolume-mass-label

BaselineVolume-region 1-label

BaselineVolume-region 3-label

Rename current Volume

(.1




Tractography on-the-fly f

B Modules: . |#Tracto -

Select the Fiducial icon, and |

“position it next to the cystic part
of the tumor by clicking near it
In the 3D viewer

¥ 10

Input DTI Volume DTIVolume

<

O

Input Fiducials, Model or Label Map| Select a MarkupsFiducial

Output Fiber Bundle Select a FiberBundle s
Enable Seeding Tracts Y
R:3.427mm - E A:26.278mm
¥ Seed Placement Options
Fiducial Region Size = 2.50mm
Fiducial Seeding Step Size == 1.00mm |,

Seed Selected Fiducials
Max Number of Seeds 100

»

» Data Probe




Tractography on-the-fly

& 3D Slicer 4.2.2-2013-08-26 N x|
File Edit View Help
B& 'Modules: . |4 Tractography Interactive Seeding *| ™ O © @ @ & & ~« t ~ fo S -8

@ ® H 1 &=

E 3DSlicer

> He]p & Acknowledgement

~10

Parameters| FiducialSeedingParameters s
Presets Slicer4 Interctive Seeding Defaults s

input DTI Volume DTIVolume

Input Fiducials, Model or Label Map|F

Output Fiber Bundle FiberBundle_F

R:3.427mm A:26.278mm

¥ Seed Placement Options

Fiducial Region Size = 2.50mm

4 4

Fiducial Seeding Step Size == 1.00mm
Seed Selected Fiducials

vactumberetseecs 12~ Set Input DTI Volume to DTIVolume
Set Fiducial List or Model to F
> Data Probe Set Output Fiber Bundle to Create new Fiber Bundle




Tractography on-the-fly

= 3D Slicer 4.2.2-2013-08-26 - 9 IES
File Edit View Help
B& 'Modules: . |4 Tractography Interactive Seeding *| ™ O © @ @ & & ~« t - fo S -8

@ -

{.B 3DSlicer

=4
riuuLIdl NEBIVIT D1LE —r —|2.oUNNN |4(T
Fiducial Seeding Step Size == 1.00mm |-
Seed Selected Fiducials ‘ . "‘
Max Number of Seeds 100 : Scroll down the module and set

the Minimum Path Length to
10.0 mm and the FA Stopping
Value at 0.15

¥ Tractography Seeding Parameters

Minimum Path Length 10.000mm

R:3.427mm [IS i A:26.278mm

Maximum Path Length 11800.000mm =
Stopping Criteria Fractional Anisotrop ?
Stopping Track Curvature =- 0.700 :
Integration Step Length 0.500mm v:

¥ Enabling Options

Els

Create Tracts Initially As| Tubes

» Data Probe

White Matter Exploration for Sonia Pujol, Ph.D. — Ron Kikinis, M.D. NA-MIC ARR 2012-2014
Neurosurgical Planning



Fiducial Seeding

File Edit View Help
& &a |Modules: . | # Tractography Interactive Seeding # | 00190 &« @ « t-1@ w R+~ 8

B®
B3 spsiicer
£
riuucidl I'\CBIUII LT == ‘L.JU”"” :v A‘
Fiducial Seeding Step Size == '|1.00mm :

Seed Selected Fiducials
Max Number of Seeds 1100

<]

¥ Tractography Seeding Parameters | ‘

Minimum Path Length F > i0.000mm :
Maximum Path Length ’%jSO0.000mm :E
Stopping Criteria Fractional Anisotropy &l
Stopping Value & '10.150

Stopping Tr«

ennion. POSItION the fiducial in the cingulum on the
~eaning CONtralateral side opposﬂe to the tumor

Create Tracts Initially As ‘Tubes

Els

> Data Probe

White Matter Exploration for
Neurosurgical Planning

Sonia Pujol, Ph.D. — Ron Kikinis, M.D. NA-MIC ARR 2012-2014



Tractography on-the-fly

File Edit View Help
&a |Modules: . | # Tractography Interactive Seeding # | 00190 &« @ « t-1@ w R+~ 8

@® 1 &=
#Y soslicer
g
riuucidl NCEIVILE JILE = | £-2vnnn g
Fiducial Seeding Step Size == '|1.00mm :

Seed Selected Fiducials
Max Number of Seeds 1100 =

¥ Tractography Seeding Parameters ‘

Minimum Path Length B 0 i0.000mm :

Maximum Path Length ——————800.000mm :E R e 5:50941mm | ~ Y ¥ A ras7mm [ G [ESS L
Stopping Criteria Fractional Anisotropy i

Stopping Value — 10.150 : i - .,

Stopping Track Curvature = '10.700 : . -

ntearation step Longth i e Explore the aspect of the cingulum in th

contralateral and ipsilateral sides

\ ¥ Enabling Options

Els

Create Tracts Initially As|Tubes

> Data Probe

White Matter Exploration for Sonia Pujol, Ph.D. — Ron Kikinis, M.D. NA-MIC ARR 2012-2014

Neurosurgical Planning



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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