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£ Learning objectives

3DSIicer

Following this tutorial, you will be able to perform
many common Image Guided Therapy tasks using
Slicer3, including:

— Image registration

— model making

— DTl tractography

using the example of
preoperative planning for
image guided
neurosurgery




& Material

/
3DSlicer

This course requires the installation of the Slicer3 software
and the training datasets accessible at the following locations:

« Slicer3 software and building instructions:
http://www.slicer.org/pages/Downloads

« Patient dataset, SPL-PNL brain atlas, and three pre-computed
MRML scenes

http://wiki.na-mic.org/Wiki/index.php/IGT:ToolKit/Neurosurgical-
Planning

Disclaimer: It is the responsibility of the user of 3D Slicer to comply with
both the terms of the license and with the applicable laws, requlations and
rules.




3DSlicer

« Data Loading and Visualization in Slicer3:
http://wiki.na-mic.org/Wiki/index.php/Slicer:Workshops:Slicer3
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& 3D Slicer

b

3DSlicer

 Integrates algorithms and utilities
for medical image computing
research and Image Guided
Therapy into a single framework

 |s both an end-user application —
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and a platform for research =

* The precompiled program and
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the source code are both freely
downloadable

Courtesy R. Kikinis



£ Image Guided Therapy (IGT) in Slicer3

Slicer3 has extensive support for IGT, including:

 Visualization

* Registration

« Segmentation

* Model making

 Diffusion Tensor Imaging

« Quantification

* Filtering

* Interfacing to imaging devices,
trackers and medical robots

Focus of
this tutorial

Courtesy R. Kikinis



& The goal of neurosurgical planning

* Prior to surgery:

— Integrate image
information from multiple
sources, including
anatomical MR,
functional MRI and
diffusion tensor imaging

— Highlight structures of
interest

— Determine the best
surgical approach




& Clinical Case - brain tumour resection

Imaging showed a large lesion in the left frontal region of the
brain, predicted to be a glioma (brain tumour originating from
glial cells)

Preoperative imaging included 3D SPGR MRI, T2-weighted
MRI and FLAIR MRI, language and motor functional MRI
(fMRI) imaging, and diffusion tensor imaging (DTI)

fMRI showed speech areas close to the lesion

Surgical procedure: left frontal craniotomy
and tumour resection

See the clinical_background file within the patient
dataset for more information

-10-



» Tutorial datasets

« Three clinical datasets from a single patient with a large
tumour in the left frontal region

« SPL-PNL brain atlas (based on a single healthy patient)

SPL-PNL
brain atlas

SPGR MRI Language
(anatomical) fMRI

Diffusion
Weighted
Images

-11-



£ Overview

1. Loading and visualizing anatomical MRI
data

2. Incorporating fMRI data using image registration
and thresholding

3. Creating a 3D model of the tumour volume

4. Predicting the locations of brain structures using
image registration and a brain atlas

5. Incorporating brain fiber tractography from
diffusion weighted images

6. Annotating the preoperative plan and saving the
scene

-12-



& Anatomical imaging

7
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« Utility of anatomical imaging in IGT:
— Visualize brain structures of interest, such as the lesion
— Perform measurements on structures of interest
— Provide context for the rest of the scene

-13-



£ Anatomical imaging

« Steps involved in this section:

[ Load anatomical MRI from patient dataset }

-14-
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Load the anatomical MRI data

3DSlicer
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the anatomical MRI data
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d the anatomical MRI data
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Click on the
“link” button

Click on the
“visibility”
button

Click on the “fit

to window”
button

Click on the
“center 3D
view” button

» Load the anatomical MRI data

" . 3D Slicer Version 3.0 ==

File  Edit  Uiew  Mindow Help  Feedback

@ uuuuuuuuuuuu EIEHE search modules @ “fij:\ PREE-

Label Map single File

Active Uahme:

~ Hanipulate i

EEIDEEE

“  Mmanipulate 30 View

'_ [T P 2 @ dpace@localhost:~/s! & clinical_background - 7 23:50
HeO= ® &9 < PEEEE & rno maoe - 1260x80 X 3D Shcar Varsion 3 O RS ey

-19-



BDSIicer

Open the

Data
module
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Click on the
000001.IMA
node

Change the
name of the
MRML node
to
“anatomical-
MRI” and
press Enter

Load the anatomical MRI data
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- Load the anatomical MRI data
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£ Overview

1. Loading and visualizing anatomical MRI data

2. Incorporating fMRI data using image
registration and thresholding

3. Creating a 3D model of the tumour volume

4. Predicting the locations of brain structures using
image registration and a brain atlas

5. Incorporating brain fiber tractography from
diffusion weighted images

6. Annotating the preoperative plan and saving the
scene

-23-



» Functional MRI (fMRI)

3DSlicer

- fMRI:

— Measures the blood oxygen
level in each part of the brain
while the patient performs a
task, such as a speech or motor

task — -
o] [ s | [ensimiaT o] __ segitel | 8o _anstomicalaT 0| | Coonal | pa| _snstomicater

— Statistical techniques are used : -~ 3
determine which brain regions
are active during the task

— This statistical pre-processing
has already been done using
SPM

(http://www.fil.ion.ucl.ac.uk/spm/)

Courtesy S. Pujol,
W. Plesniak and -24-
R. Gollub



Functional MRI (fMRI)

e
3DSlicer

 Utility of functional MRI in IGT:

— Damage to regions of the brain important for language
or movement could result in problems with speech,
reading or movement

— Knowing where these regions are allows us to modify
our surgical plan so that we avoid them (as much as
possible)

25



Functional MRI (fMRI)

P
3DSlicer

« Steps involved in this section:

Load language fMRI
from patient dataset

Register language fMRI
with anatomical MRI

Threshold language
fMRI to find regions with
9 high activation P




- Load the language fMRI data
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oad the language fMRI data
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Click on

“Select

Volume File”
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Click on the first
.ndr image in the
Analyze folder
within the
language FMRI
folder of the
patient dataset,
then click

“Open”

d the language fMRI data
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> Load the language fMRI data

Set the
Volume Name
to
languagefMRI

Keep the
image origin
set to “From
File”

Click on
“Apply”
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" . 3D Slicer Version 3.0
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- Load the language fMRI data
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» Load the language fMRI data

Note that the
image
volumes are
not aligned
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The anatomical MRI and functional
MRI image volumes are not aligned

The anatomical MRI and functional
MRI image volumes overlap

Image registration
aligns two images
together with the
goal of making the
corresponding
anatomy overlap

-34-



Image-to-image registration

P
3DSlicer

- Steps involved in image registration:

[ Initial manual transformation }

the rotation, translation, scale and
shear needed to align the moving
iImage with the fixed image

[ Automatic affine

 An affine transformation estimates
registration }

 Slicer’s affine registration module
uses mutual information to
estimate the similarity between two
Images

-35-
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Initial manual transformation

Open the
Transforms
module
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% Initial manual transformation
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Open the Data
module

Change the
name of the
transform to
“anatomical

languagefMRI_

registration
Transform”
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Open the
Transforms B oo
module

[ B waws | e Em@ﬂmmfm@ﬂmmﬁmanﬂﬁﬂﬂ$iﬂ

YYYYYYYY anadomical_lanquageTht kL registrationTrnstom

1.000... | 0.000... | 0.000... | 120.0...
0.000... | 1.000... | 0.000... | -100.0...

Adjust the e L el
translation |
components to
roughly align
the two image ~ F2IEEEE
volumes inthe - .2888 ¢ =
axial plane

& o - 2 @ dpace@localhost:~ - She! = AL
9 % G Q @ Q =3 Q 3 4 X 3D slicer Version 3.0 ﬂn ml@ 23;3{?:-;1
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BDSIicer

This initial

transformation ‘ 3D slierVrsinn.zAlpha

r, ” (] (]| oo [ oo [ DEN @[ (2] ] [A) @) (8] G [ [#) (2] (@] ik [
matrix “pushes” the B :
language fMRI

Image onto the
anatomical MRl
Image - the
registration method

expects the inverse

Click on the ENoDEEE
“Invert” button §

Rofafion

LT J@E ey
§ |.A.E b IEI
Note that the '
images are no DRO28% 820 B Bl X e

longer aligned
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omatic affine registration

3DSIicer

I 3D Slicer Version 3.3 Al
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Transfoms
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Rotdion Diffusien Tensor —x
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LR Filtering

Heshing i

Hodel Generstion . "
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Deformable B Spline registrafion

lang... MBI lang... A1

Seamentafion anat...RI anat.. RI anat.. iRl
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ey 7 Linearresistrafion

Coordinate Reference: Globa \deniity Realignuolime

~ Manipulate Slice Uisws

“  Mmanipulate 30 View

[ oo EIE B
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¥ | 100
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affine registation

o 9 @ dpace@localhost:~ - Shell [ NeurosurgicalPlanningSc - 21:31
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)( 3D Slicer Version 3.3 A 2008-06.08
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» Automatic affine registration

BDSIicer

" . 3D slicer Version 3.3 Alpha

Under
[&]  wosne atfine egistafion ainle r

Parameter T »

Set, select S

“Create new

CommandLine e =

12 [&] (4] =]

Create New CommandLine todule |
shlus 1dle

& pegistradion Parameters

Trenslafion scalina [ 100 ]
7 “w

lang.. Rt lang.. mRI = lang...mAI =
Iniial transform | pane - =
> anat..hiFI anat.. hiFI anat.. MRl =

output tanstom | pane -

>

Fizted IMage | anadomical MR =

Meving Image | anadomical EI =

outout Uelume | wana A

~ Manipulate Slice Uisws

(= i [ E

“  Mmanipulate 30 View

(6= [ -
@ e =]

¥ [ 100
&

Greate Mew Commandine iodule

HeBGams@ad

2 @ dpace@localhost:~ - Shel! T3 NeurosurgicalPlanningSc 21:31

< e X 3D slicer Version 3.3 A O S s
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3DSlicer

— Initial transform =
anatomical_language
fMRI_registration
Transform

— Output transform =
anatomical_language
fMRI_registration
Transform

— Fixed Image =
anatomicalMRlI

— Moving Image =
languagefMRiI

— Output Volume =
Create New Volume

Click “Apply”

Automatic affine registration

" . 3D slicer Version 3.3 Alpha = x

File  Edit  Uiew  Mindow Help  Feedback

. £ H [
o || D @ B ] #E
f
.
“i iDSlicer
Statuz Idle
4 Ragishrafion Farsmets
Histogram Eins | 30 4
Spatial Samples | 10000 »
Iterations | 2000
Translation scaling | 100 ¥
izl frensform ani'um\:iLlinquigelmRLngishﬁonmﬂsﬁ,m\:
- -
-

Qutputtansform | anatomicel lanauagefin A registrafionTransform

Fistedd IMage

anaomical MRI

inaimad | anguagefmpl

~ Manipulate Slice Uisws

EEODOEE
. manipulate 30 View

P |5

o EEE W
L
I e e s CE
¥ 100
| (<)
@ dpace@localhost:~ - Shell [ NeurosurgicalPlanningSc 21:32

ﬂn m@ Sunday

9 % @ Q @ Q ) A+ tzl 2008-06-08

X 3D slicer Version 3.3 A
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3DSlicer

Set the
foreground to
languagefMRl,
and the
background to
anatomicalMRI

Click on the “fit
to window”
button

Note that the
Images are not
aligned

Automatic affine registration

" . 3D slicer Version 3.3 Alpha

File  Edit  Uiew  Mindow Help  Feedback

uuuuuuu o E EE search modules @ 2] i
Y 3ps i
>
A Registrafion Parameters

ssssssssssss
Spi Sampls

tations 0

Transl:

lllll

- Menipulate Slice Views
-] DEE
“  Manipulate 30 View

NEN < BE B0 e
“.A_@ £,

¥ [ 100
&

(=

'_ [ 1 P 2 @ dpace@localhost:~ - Shell {3 Neurosur gicalPlannin gSc
9 % G Q @ Q =3 Q 3 4 YBDSIi:erVersionB.BA
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2 Automatic affine registration

3DSIicer

Open the

Transforms e

module = B~ = ANEE EoEsdE)Ehs i
{;\ iDSlicer i
-

Select the

registration

transform

Click “Invert”

Coordinate Referenced global dendity | | inwert

The transform
now transforms FTTIIT
the moving image L |55 g mm
(languagefMRI) to =+ 9=ER =
align with the fixed
Image (anatomical
MRI)

'_ I b P 2 @ dpace@localhost:~ - Shell {3 Neurosur gicalPlannin gSc
9 % G Q @ Q = Q 3 4 YBDSIi:erVersionB.BA
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- Automatic affine registration

3DSIicer

" . 3D slicer Version 3.3 Alpha = x

Fle  Edit  View Mindow Help  Feedback

Click on the BE e [ e | IHEER PEEEEE =
transform node &~
to see thatthe == g

Trans form bode: anadomical_lanquageTht kL registrationTrnstom

matrix has

-0075... | 1.192... -0.005... | -134.0...
-0.043... | -0.086... 1.419... | 4.472...

changed

Transladion b4

LR 14525 lna.. Rl lana.. i = lna... 1R =
anat.. MRI anat.. MRI anat...iRI =
P -13409
[H] 4472
Rotation x

~ Manipulate Slice Uisws

(= i [ E

“  Mmanipulate 30 View

RNy of R
| A_ E‘

¥ [ 100
&

7 1 y 2 @ dpace@localhost:~ - Shell [ NeurosurgicalPlanningSc = 21=3.B
9 % G < ® (S > e X 3D slicer Version 3.3 A O S s

2008-06-08
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3DSIicer

Open the Data
module

The new volume
in the MRML
scene is the
resampled
moving image
(the language
fMRI)

" . 3D slicer Version 3.3 Alpha

File  Edit  Uiew  Mindow Help  Feedback

Hodules: Dafe, 3 +

b] [ (&)
N7

» Automatic affine registration

E lz‘ |E| search modules l

@ iDSlicer

¥ Help & Acknowledgement

A Displayie Modify Scene

HRHL Tree x

Scene X
anatomicalMRI {(vtkMRMLScalarVolumeHode1)
anatomi i i lorm (

gquagefMRI (vaRM[ScalaNulumeNude ~
Affine registration Volumel (vtkMRMLScalarvolun >
=

Y

al lana. MR

= anat.. MRI

MRHL hods Inspector

o kMM L ScalariolmeNodes

Mame: lanquagefh Rl

~ Manipulate Slice Uisws

EEDDEEE

“  Mmanipulate 30 View
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9 % G Q @ Q = Q 3 4 YBDSIi:erVersionB.BA

-

2 lang._mal

2 anat...iRI

55156
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3DSIicer

" . 3D slicer Version 3.3 Alpha

File  Edit  Uiew  Mindow Help  Feedback

Set the foreground

to anatomical MRI
and the
background to
Affine registration
Volumet

Click on the “fit to
window” button

@ iDSlicer

¥ Help & Acknowledgement

A Displayie Modify Scene

HRHL Tree

B Scene

MRI_reyi:

—anatomicalMRI (vtkMRMLScalarVolumeHNodel)
—languagefMRI (vikMRMLScalarVolumeNodeZ )

MRHL hods Inspector
i3 kMM L ScalariolmeNodes

Mame: lanquagefh Rl

- Menipulate Slice Views
EEDUEEE EE
“  Manipulate 30 View

P |5

[0 T B B e
F i E] [ @[ o
¥ 100

HeBaas e

b _reg
— Affine registration Volumel (vtkMRMLScalarvolun

» Automatic affine registration

= X
L EI e e (8] 8] (A 9] (S] R [ (] (7] (8] ][0 & ¢ & [©f
|
N
x
X
ionTransform (
- -
al anat. Rl 2 anat.. Ml Al
= me Aff.med =
x

(=

@ dpace@localhost:~ - Shell [ NeurosurgicalPlanningSc 21:41

X 3D slicer Version 3.3 A ﬂﬂ m@ Sunday

2008-06-08
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Scale the
opacities to see
that the images
are aligned

The new image is
the moving image
(language fMRI)
transformed and
resampled to align
with the fixed
Image (anatomical
MRI)

[ DI @] [ (2] ] [A) a9 (O] Rl [ [#) (7] (W] (O] (O] (| % & [
1 305 i
>
wleda
DDDDDDDDDDD fy Scene
MMMMMMM X
B Scene 2

—anatomicalMRI (vtkMRMLScalarVolumeHNodel)
—languagefMRI (vikMRMLScalarVolumeNodeZ )
ical_| MRI_regi: ionTransform (
—Affine registration Volume1 (vtkMRMLScalarVolun|

mmmmmmmmmmmmmmmm
uuuuuuuuuuuuuuuuuuuuu

|||||||||||

“* Menipulate Slice Vies
(= @ BLE
* Manipulate 30 View
LS
2] [ [@]
2 R - 2 @ dpace@localhost:~ - Shel| 3 Neurosur gicalPlannin gSc = 21:41
9 % G Q @ Q =3 Q 3 4 X 3D slicer Version 3.3 A BU ml@ 2050Usr!g:?os
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3DSIicer

Right-click on the

Affine
registration
Volume1 node
and select
“Delete node”

" . 3D slicer Version 3.3 Alpha

File  Edit  Uiew  Mindow Help  Feedback

Wadules: Oafe.
@ iDSlicer

¥ Help & Acknowledgement

A Displayie Modify Scene

anatomicalMRI {(vtkMRMLScalarVolumeHode1)

ical_| MRI_regi: ionTransform (
LI—IanguagefMRI (vikMRMLScalarVolumeHNode2)

Affine registration “"‘C'“";’;;‘: #=+- MRMLScalarVolun

G0 To Edifor..
Delete Mode

MRHL hods Inspector
i3 kMM L ScalariolmeNodes

Mame: lanquagefh Rl

~ Manipulate Slice Uisws

(= i [ E

“  Mmanipulate 30 View

Delete Mode

OeBDasssEadbc

2

3

4

anat.. MBI

adtii..me1

@ dpace@localhost:~ - She!
X 3D slicer Version 3.3 A

[ DIE @[ (2 @] [A) @] (8] fd URE]

anat.. MBI

2 NeurosurgicalPlanningSc

 Automatic affine registration

arat..mAl

Aff.med

21:41
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2008-06-08
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® Threshold image intensity

3DSIicer

Open the Volumes
module

" . 3D slicer Version 3.3 Alpha

Set the foreground
to languagefMRl,
and the background
to anatomicalMRI

Click on the “fit to
window” button

Set the active EED0EEE

volume to e gE e p—

languagefMRI

Expandthe Display @©e®css o a g mc i g o sroms o ws I,
pane
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3DSlicer

& Threshold image intensity

Set the Color to
FullRainbow

EEDDE

“  Mmanipulate 30 View

" . 3D slicer Version 3.3 Alpha

File  Edit  Uiew  Mindow Help  Feedback

|§| lE‘ Wadules: Ualumes
r’\ 3DSlicer

TN @R B
.

N

¥ Help & Acknowledaement

- Load

| (I select volume File

[T ———

Label Map single File
Apply

Active volime: |

lang.. MRl lang.. MBI e lang...mAI

o Full Reinbow
anat.. iR anat.. R —~ anat..iRl
Inferpolate T
windowtLevsl: | aufe 1 [iz1s
I |
—
Theeshold | o 1 I

~ Manipulate Slice Uisws

e gEEE
e e - e

¥ | 100
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Set the threshold
to Manual and
adjust to
highlight only
high-intensity
regions

Note that there
are speech
activation
regions close to
the tumour

uuuuuuuuuuuu Emasﬂmhmmulhs @‘ff:\ H +
B 3psii ’
>

nnnnnnnnnnnnnnn

mmmmmmmmmmmmmmm

activevolme: | fanguagefhiRl

Colorselect | Fylleainbow

~ Hanipulate i

lice Views

= HRE
& manipulate 30 View

o BEE e

N

1 e @) e LB

¥ 100
4 ] P 2 dpace@localhost:~ - Shell [ PNG Image - 1280x800 P = 21:44

9 % 0 Q @ Q =3 Q 3 4 X 3D slicer Version 3.3 A BU ml@ 2050Usr!g:?os
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£ Overview

1. Loading and visualizing anatomical MRI data

2. Incorporating fMRI data using image registration
and thresholding

3. Creating a 3D model of the tumour
volume

4. Predicting the locations of brain structures using
image registration and a brain atlas

5. Incorporating brain fiber tractography from
diffusion weighted images

6. Annotating the preoperative plan and saving the
scene
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& Model Making in Slicer3

» Utility of model making in IGT:
— View the structure as a complete unit (instead of slice
by slice)
— Perform measurements, such as volume

measurements, that can be difficult to perform on the
image volume itself
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Model Making in Slicer3

Steps involved in this section:

Place a seed point on the tumour in the anatomical MRI

Segment the tumour volume in the anatomical MRI

Create the tumour model using Slicer3’s ModelMaker

Change the tumour model’s appearance

Save the tumour model
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Place the seed point

BDSIicer

" . 3D Slicer Version 3.0 X
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LIS —

Label nap single File
[
al lat0| Illca =
active Ualime: anguagefhiRl 2
A Display
a O I I ‘ E Color Select FullRainba al
=
Inferpolate
windowLevel st 2386 1215 lng. MR leng...hRI lang...RI —
[ [ anad... Rl anad.. Rl anat..iMAl :
Threshold: [P— 2164 4475

~ Manipulate Slice Uisws

(= i [ E

“  Mmanipulate 30 View

=

SoE

RP‘.LL <> lE‘ @ ey
L EIC[DEEA ST
¥ [ 100

i ; v R 2 BEd st:~ - Sh 2 NeurosurgicalPlanningScr - “2=Z=1
9% G 8w &9 > E 4 XB’;Sh:erVerslonBD ’ ’ O SIS sy

2008-06-01

-58-



Place the seed point

BDSIicer

" . 3D Slicer Versionf S
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e —
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- Place the seed point

BDSIicer

" . 3D Slicer Version 3.0

Fle  Edit  View Mindow Help  Feedback

Create a
|1eVV :@me

¥ Help & Acknowledaement

Fiducial A
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SetColor Set selected Color
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BDSIicer

Th
wil
up

pink =)
starburst

» Place the seed point

" . 3D Slicer Version 3.0

Fle  Edit  View Mindow Help  Feedback
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» Place the seed point

BDSIicer

" . 3D Slicer Version 3.0 X

Set the mouse - -

o e JADRE B
mode to — »

uplace Items” o ]
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3DSIicer

Slice through
the image
volume until
you see the
tumour in all
three views

Click once to
place the seed

9 % G Q @ Q 3 N i @ dpace@localhost:~ - S

2 Place the seed point

" . 3D Slicer Version 3.0
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3DSIicer

Set the mouse
mode to
“transform
view”

» Place the seed point

" . 3D Slicer Version 3.0

= x
File  Edit  View Window Help  Fesdback
Wodles: Fidcals E m |E| search modules @
|
N
“i iDSlicer
setabohvee | starpurstzn
- NER
Fiduciallist1-P3 | &1 ®1 | -33.0... | 455... |’
M ! lang.. MRl lana.. MR = lang...1RI =
Distance: = =
anad... MRl anad...MRI - anat...iRI —
Add Fiducied| | Remous Fiducial| | Remous All Fiducials = =

Select All Fiducials| | Deselect All Fiducials

~ Manipulate Slice Uisws

(= i [ E

“  Mmanipulate 30 View

: : 7 . \ 2 = dp calhost S = NeurosurgicalPlanning - 02:28
9 % G Q @ Q 2 ) Q 3 4 X 3D slicer Version 3.0 ﬂn ml@ ZUSDusr!g:-yDl

-64-




3DSIicer

The fiducial
can also be
seen in the 3D
Viewer

» Place the seed point

" . 3D Slicer Version 3.0

= X
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ment the tumour volume

3DSIicer

" . 3D slicer Version 3.0 [EALELY E
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3D§ﬂcer

— Parameter set =
Create new
CommandLine
Module

— # of iterations = 1

— Seeds =
FiducialList1

— Input Volume =
anatomicalMRI

— Output Volume =
Create New
Volume

Click “Apply”

This step may take a
few minutes to run -
wait until the status
says “Completed”

Segment the tumour volume
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Set the
background to
anatomicalMRI

Click on the “fit to
window” button

The tumour is
segmented by
the label layer
called “Simple
Region growing
Volume1”
(shown in purple)
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a
= Sing..me1

Coo

lllll
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BDSIicer

- Create the tumour model

Open the
Model Maker
module

3D Slicer Version
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3DSIicer

— Parameter set =
Create new
CommandLine
Module

— Input Volume =
Simple region
growing Volumet

— Models = Create
New
ModelHierarchy

— Model Prefix =
Tumour

— Labels = 255
(scroll over the
purple tumour and
note the “Lb”
value)
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BDSIicer

» Create the tumour model

Click “Apply”

This step may
take a few
minutes to run -
wait until the
status says
“Completed”
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BDSIicer

Slice through
the image
volume to
expose the
tumour model in
the 3D Viewer

DeBausdadho HE S

Create the tumour model
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3DSlicer

Open the Data
module

Delete the
FiducialList and
Simple region
growing
Volume by
right-clicking
and selecting
“Delete Node”

Create the tumour model

" . 3D slicer Version 3.3 Alpha
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Create the tumour model

BDSIicer

" . 3D slicer Version 3.3 Alpha _a
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Change the model’s appearance

" . 3D slicer Version 3.3 Al
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v Change the model’s appearance

3DSIicer

" . 3D Slicer Version 3.0
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3DSIicer

Click on the
Foreground
layer button to
show the
language fMRI
data

View the anatomical MRI, fMRI and tumour
model

" . 3D Slicer Version 3.0
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» Save the tumour model

3DSIicer
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& Save the tumour model

7
3DSlicer

X 3D slicer Version 3.0 B
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£ Overview

1. Loading and visualizing anatomical MRI data

2. Incorporating fMRI data using image registration
and thresholding

3. Creating a 3D model of the tumour volume

4. Predicting the locations of brain structures
using image registration and a brain atlas

5. Incorporating brain fiber tractography from
diffusion weighted images

6. Annotating the preoperative plan and saving the
scene
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£ The SPL-PNL Brain Atlas

http://www.na-mic.org/pages/Special:PubDB_View?
dspaceid=1265

* |ncludes:
— Anatomical MRiI
— Label maps
— >160 models

from a healthy volunteer

Courtesy |. Talos, M.
Jakab, R. Kikinis and -82-
M. Shenton



Incorporating a brain atlas

S
3DSlicer

 Utility of an atlas in IGT:

— Estimate the positions, orientations and shapes of
important brain structures without having to segment
each one in the patient dataset
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& Incorporating a brain atlas

/
3DSlicer

« Components of the brain atlas used here:
— Anatomical MRl image
— Three models of segmented brain structures

» Using a brain atlas to approximate where brain
structures are Iin the patient:
— Register the atlas’s MRI with the patient’s MRI to

determine the transformation between the atlas and the
patient

— Use the same transformation to transform the atlas
models so that they overlap with the patient's MRI
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‘£ Incorporating a brain atlas

» Steps involved
in this section:

Import MRML
scene

Inspect the
MRML scene

Registration using
the MRML scene

The precomputed MRML scene
contains a copy of the patient’s
anatomical MRI, the atlas’s
anatomical MRI, three models:

— Left and right optic tracts

— Left anterior superior temporal

gyrus

and the transformation between the
patient and the atlas

The anatomical MRIs of the patient
and the atlas were registered with
an initial manual transform followed
by an automatic affine registration
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Import the patient-atlas registration transform
scene

./ A
3DSlicer

Select File ->
Import Scene

Note: Make
sure that you
select “Import
Scene” and not
“Load Scene”,
as “Load Scene” - @

will delete your ——— —
Work SO far 9% G RAEIE 29 < T3 4 X3pslicerversion 3.0
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scene

3DSlicer

- Import the patient-atlas registration transform

Select
“anatomical
MRI Registered
ToAtlas.mrml”,
then click
“Open”
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» Inspect the MRML scene

3DSIicer

" . 3D slicer Version 3.3 Alpha =
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> Inspect the MRML scene

BDSIicer

|nSpeCt the atIaS " . 3D slicer Version 3.3 Alpha . i
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BDSIicer

- Inspect the MRML scene

Inspect the atlas
MRML scene - 6
new nodes

" . 3D slicer Version 3.3 Alpha
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3DSIicer

Delete the
duplicate
anatomicalMRI
node by right-
clicking and
selecting
“Delete Node”

» Inspect the MRML scene
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» Inspect the patient-atlas registration

BDSIicer

" . 3D slicer Version 3.3 Alpha = x
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Inspect the patient-atlas registration

e
3DSlicer

- Important note: Since an affine registration was
used, the brain structure models from the atlas
may not match the anatomy of the patient:

— Affine registration does not account for differences in
brain shape

— The patient’s tumour will deform brain structures
compared to the healthy atlas subject

« Thus the brain structure models give only a rough
idea of their positions in the patient

* Non-linear registration could be used to partially
remedy this - ex. B-Spline registration in Slicer3

-93-



3DSlicer

Set the
foreground to
languagefMRiI

Click on the
Foreground
layer button to
show the
language fMRI
data

Slice through the
image volume to
get a good view

Wodules Defu

Inspect the entire scene so far
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£ Overview

1. Loading and visualizing anatomical MRI data

2. Incorporating fMRI data using image registration
and thresholding

3. Creating a 3D model of the tumour volume

4. Predicting the locations of brain structures using
image registration and a brain atlas

5. Incorporating brain fiber tractography
from diffusion weighted images

6. Annotating the preoperative plan and saving the
scene
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£ Diffusion Tensor Imaging (DTI)

Diffusion Sensitizing Diffusion Weighted
Gradients Images
o o §J Ly '

WA
| =X

« Each diffusion weighted image shows the diffusion of water
in the direction of the diffusion sensitizing gradient

Courtesy S. Pujol
and R. Gollub -96-



B Dpiffusion Tensor Imaging (DTI)

/
3DSlicer

» Acquire diffusion weighted images (DWI) and baseline images

» Estimate a tensor at each voxel to create a Diffusion
Tensor Image (DTI)

» Calculate a scalar “diffusion anisotropy index”, such
as fractional anisotropy, to quantify the diffusion’s
anisotropy

» Perform tractography (fiber tracking)
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Diffusion Tensor Imaging (DTI)

P
3DSlicer

« Utility of Diffusion Tensor Imaging in IGT:

— Major tracts that run between functionally important
regions of the brain must remain intact to prevent side
effects for the patient

— Knowing where these tracts are allows us to modify our
surgical plan so that we avoid them (as much as
possible)

-98-



Diffusion Tensor Imaging (DTI)

BDSIicer

« Steps involved in this section:

Load and inspect the Place the tractography
DWI data seed points

« N

Create and inspect the
tensors using a
precomputed MRML

[ Perform tractography J

Registration using a
N SCENe ) precomputed MRML
scene
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» Load the DWI data

3DSIicer
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» Load the DWI data

3DSIicer
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Load the DWI data

3DSlicer
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3DSIicer

Set the
dwilmage to
“Create New
Diffusion
Weighted
Volume”

Click “Apply”

This step may
take a few
minutes. Wait
until Status says
“Completed”
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Load the DWI data

BDSIicer

" . 3D slicer Version 3.3 Alpha
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3DSlicer

Turn the visibility

off for the four C— MEE @ @6 & @ 6 @

models in the A
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BDSIicer

Open the
Volumes
module

Open the
Display pane

Set the active
volume to the
DTI volume

Inspect the DWI data
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£ Inspect the DWI data

BDSIicer

Note that the
Display pane
now allows you o :
to selectthe DWI . ...

volume =

Set the
background to
DTI

Click on the
Background
layer button

Click on the “fit
to window”
button

. : P P - 2 @ dpace@localhost:~ - Shell X 3D Slicer Version 3.0 7 I
9 S G &89 (S S BEl@] B Pns image - 1280x800 O WS s

2008-06-01

-107-



uuuuuuuuuuuu Emﬁszmhmnulhf @.‘ﬁ. 3 +

Scroll through
the 36 volumes  -- -
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BDSIicer

Note that the
Diffusion Editor
pane within the
volumes module
IS activated when
diffusion
weighted images

‘.
v

Heasurement Frame

are loaded

Sl U

Diffusion Editor - o |

pane and note ‘s SRR

the gradients - :

used to acquire ©@°90=8s ® a9 oo BIL SUNL

the images
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3DSIicer

Expand the
“Testing (Tensor
Estimation &
Glyphs &
Tractography
Seeding)” pane

ARE R ¢ EEEE E D

You would click

“Run” to compute
the tensors, but will ==
upload a MRML

- Menipulate Slice Views
-] DEE
“  Manipulate 30 View

scene of

precomputed emBEd s e

tensors because

computing tensors @0 = &8s = & o oo ML Sy o

takes a while
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> Create the tensors

BDSIicer

Open the Data
module
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Create the tensors

3DSlicer
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- Create the tensors

BDSIicer
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> Create the tensors

3DSlicer
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- View

BDSIicer

the tensors

Set the
Window/Level
to Manual and
adjust the
levels to invert
the image so
that the tensors
will be easier to
see
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View the tensors

Scroll down and

3DSlicer
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View

BDSIicer

the tensors

Line direction:
the direction of
the tensor’'s main
eigenvector

Line magnitude:
the magnitude of
the diffusion

Line colour:
fractional
anisotropy
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View the tensors

3DSlicer
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View the tensors

3DSlicer
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Place the tractography seed points

3DSlicer

Open the
Fiducials
module

Create a new
Fiducial List
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Place the tractography seed points

3DSlicer
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BDSIicer

Place the tractography seed points

Set the mouse
mode to
“place items”
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Place the tractography seed points

BDSIicer

Click to place
approximately
ten fiducial
points along
the corpus
callosum

Set the mouse
mode to
“transform
view”
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Open the

tractography

“Fiducial
Seeding”
module
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Perform tractography (fiber tracking)

— DTI volume =
Diffusion
Editor 1
TensorNode

— Fiducial list =
FiducialList2

— Output
FiberBundle
Node =
Create New
Fiber Bundle

" . 3D Slicer Version 3.0
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Perform tractography (fiber tracking)

BDSIicer

" . 3D Slicer Version 3.0 = X

Open the
AEEER -~ B
Volumes 1 .

module

Turn the glyphs
off for all three
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“visibility”
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Perform tractography (fiber tracking)

BDSIicer

" . 3D Slicer Version 3.0 = X

File  Edit  Uiew  Mindow Help  Feedback

O n e traCt IS |§| lﬂ Modules: Uolumes - lz‘ |E| 5:archmodul!i ] @ 3

(] [Z]

generated for & .
each fiducial. ;
The tract colour == seee
is the fractional = wews —"
anisotrophy by == :

default. R

~ Manipulate Slice Uisws

EEIDEEE

“  Mmanipulate 30 View

RH;L < BE B0 e
| A E‘ s

=

¥ 100
2
: i - - 2 F2 6_19.png - KSnapshot @ dpace@localhost:~ - Sh T 19:39
9 % @ Q @ @ @ 'i Q 3 4 13 PNG Image - 1280x800 X 3D slicer Version 3.0 U %IQ ZDSDusr!g:-yDl

-127-



Perform tractography (fiber tracking)

BDSIicer

Open the
Fiducials
module

Turn off the
visibility of the
fiducials

" . 3D Slicer Version 3.0 = X
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3DSlicer

Import the anatomical-DTI registration
transform

Select File ->
Import Scene

Note: Make
sure that you
select “Import
Scene” and not
“Load Scene”,
as “Load Scene”
will delete your
work so far

" . 3D Slicer Version 3.0
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- Import the anatomical-DTI registration
transform

Select
“anatomical
MRI Registered
ToDTl.mrml”,
then click
“Open”
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> Inspect the MRML scene

BDSIicer

" . 3D Slicer Version 3.0 ==

Open the Data

module AEE @R [@ @1 dEC

-
Inspect the atlas
MRML scene - 3 | e ey
new nodes

e L
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- Inspect the MRML scene

3DSIicer

" . 3D Slicer Version 3.0

window  Help  Feedback
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pect the MRML scene

3DSIicer

" . 3D Slicer Version 3.0

Delete the —
duplicate
BaselineNode i :
node by right-

clicking and
selecting
“Delete Node”
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Drag the three
diffusion editor
nodes, the
fiducial list
used to seed
the
tractography
and the fiber
bundle node
under the

anatomicalMRI

_DTI_
registration
Transform

Inspect the MRML scene
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Set the

foreground to the

baseline DTI
node and the
background to
anatomicalMRlI

Scale the
opacities to see
how well the
atlas MRI and
patient
anatomical MRI
Image volumes
are aligned

Inspect the anatomical MRI-DTI registration
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Inspect the anatomical MRI-DTI registration

Set the

foreground to the

tensor node and
the background
to
anatomicalMRlI

Scale the
opacities to see
how well the
atlas MRI and
patient
anatomical MRI
Image volumes
are aligned
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Inspect the entire scene so far

BDSIicer

Se‘t ‘th e * . 3D slicer Version 3.3 Alpha _ 8 x
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3DSIicer

Slice through
the image

volume to get a

good view

- Inspect the entire scene so far

" . 3D slicer Version 3.3 Alpha = x
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3DSlicer

Turn the visibility

on for the four
models in the
scene (tumour,
left and right
optic tracts, and
left anterior
superior
temporal gyrus)
by right-clicking
and selecting
“Toggle
Visibility”

Inspect the entire scene so far
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3DSIicer

The scene now
contains
anatomical MRiI
data, functional
MRI data, a
segmented
tumour volume,
estimates of
other brain
structures and
brain fiber
tractography

¢ Inspect the entire scene so far
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£ Overview

1. Loading and visualizing anatomical MRI data

2. Incorporating fMRI data using image registration
and thresholding

3. Creating a 3D model of the tumour volume

4. Predicting the locations of brain structures using
image registration and a brain atlas

5. Incorporating brain fiber tractography from
diffusion weighted images

6. Annotating the preoperative plan and
saving the scene
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Plan annotation

S
3DSlicer

» Utility of plan
annotation in IGT:

— Surgeons can mark
important points on the
plan, such as the
planned surgical access
point, so that their notes
can be brought into the
operating room
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Plan annotation

s
3DSlicer

« Steps involved in this section:

Mark the entry point and the tumour
access point on the plan

Measure the distance between the
two points

[ Save the scene }
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Open the
Fiducials
module

Create a new
Fiducial List

" . 3D Slicer Version 3.0

File  Edit  Uiew  Mindow Help  Feedback
e [ e | QIR

3DSlicer

-

¥ Help & Ackno

Display Creafe hlew FiducialList

& FiducialList

Fiducial List Select: Fiducia List

4 Symbol Scale:

setColor ||| set Selected Golor [

setGlohTime | spheresn

=T =~ |

FiducialList1-F1

Fiduciallist1-P2 -16.7... | i

1
1

FiducialList1-P3 1 -4.08... | |

FiducialList1-P4 1 499... | e 3 [ e

FiducialList1-P5 1 149... | T = e T

FiducialList1- P 1 24.0...

Fiduciallist1-P7 1 3.

~ Manipulate Slice Uisws

(= i [ E

“  Mmanipulate 30 View

P (@
R.;LL Y
[ B
I won
¥ | 100
&
Create Mew Fiducial List .e
9 G 3 @ dpace@localhost:~ - Sh PNG Image - 1280x800 0 2@@ i
% . e % Sunda
Q @ @ @ }( 3D slicer Version 3.0 2 patient_dataset - Kongue U 2003.05?‘01

-144-



BDSIicer

Annotate the plan
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- Annotate the plan

Slice through the #& ~ ~ =wse— ma@ssst

sagittal plane
until it roughly
bisects the
tumour volume
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» Annotate the plan

Adjust the 3D
Viewer to get a
view from the
right
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Annotate the plan

BDSIicer
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Place a fiducial
on the sagittal
plane
representing
the planned
entry point for
the left frontal
craniotomy

» Annotate the plan
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Dou

» Annotate the plan
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- Annotate the plan

Place a fiducial
on the sagittal
plane
representing
the planned
access point to
the tumour
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- Annotate the plan

BDSIicer
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Scroll down,
and note that
the distance
between the
two fiducials is
shown

Change the
mouse mode to
“transform
view”
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- Inspect the final scene

BDSIicer
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- Inspect the final scene

BDSIicer

The result of
neurosurgical
planning
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" . 3D slicer Versio. 3.0
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Save the scene

Click on the
“Scene File”
icon to name
the .mrml
scene and to
specify it’s
directory

Click “Save”
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& Overview

* In this tutorial, you learned how to
— Register image volumes together
— Segment and build models of structures of interest

— Load diffusion weighted images, calculate tensors and
perform fiber tractography

in order to build a preoperative neurosurgical plan
incorporating

— anatomical MRI — brain structure models
— functional MRI from a registered atlas
— amodel of the tumour  — fiber tractography

— annotated fiducial points
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Conclusions

 Slicer3 has extensive support for Image Guided
Therapy

 Slicer3 is free open-source software that allows
IGT researchers to share algorithms and work
within a common framework
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£ For more information...

Image registration:
» Read about the mutual information similarity measure here:

Wells, S. et al., Multi-modal volume registration by
maximization of mutual information. Medical Image Analysis,

1(1):35-51 (1996).

Collignon, A. et al., Automated multimodality image registration
based on information theory. Proceedings of the International
Conference on Information Processing in Medical Imaging, 263-

274 (1995).
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For more information...

Model Making:

Slicer3 uses the marching-cubes algorithm to generate
models - read about it here:

Lorensen, W.E. and Cline, H.E. Marching cubes: a high
resolution 3D surface construction algorithm. ACM SIGGRAPH
Computer Graphics 21(4):163-169, 1987.
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£ For more information...

Diffusion Tensor Imaging:
 Areviewon DTI:

Le Bihan, D. et al., Diffusion Tensor Imaging: concepts and

applications. Journal of Magnetic Resonance Imaging, 13:534-
546 (2001)

« A review on tractography:

Mori, S. and van Zijl, P.C.M., Fiber tracking: principles and
strategies - a technical review. NMR 1n Biomedicine, 15:468-480
(2002)
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