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£ Learning objectives

3DSlicer

Following this tutorial, you will be able to perform all
of the steps involved in preoperative planning for
iImage guided neurosurgery within Slicer3, including:

— Image registration
— model making
— DTI tractography




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, regulations
and rules.



- Prerequisites

3DSlicer

« Data Loading and Visualization in Slicer3:
http://wiki.na-mic.org/Wiki/index.php/Slicer:\Workshops:Slicer3_Training
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% 3D Slicer

3DSlicer

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

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

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




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

CourtesyR. Kikinis



£ The goal of neurosurgical planning

3DSlicer

* 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

3DSlicer

* |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, T2-weighted and
FLAIR MRI imaging, 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

3DSlicer

« 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

SPGRMRI  Language brain atlas

(anatomical) fMRI

Diffusion
Weighted
Images

-11-



£ overview

3DSlicer

. Loading and visualizing anatomical

MRI data

Incorporating fMRI data using image
registration and thresholding

Creating a 3D model of the tumour volume

Predicting the locations of brain structures using
Image registration and a brain atlas

Incorporating brain fiber tractography from
diffusion weighted images

. Annotating the preoperative plan and saving the

scene

-12-



Anatomical imaging

3DSlicer

« 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
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& Anatomical imaging

3DSlicer

« Steps involved in this section:

[ Load anatomical MRI from patient dataset }
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3DSlicer
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' Load the anatomical MRI data

3DSlicer
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3DSlicer
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3DSlicer
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£ Load the anatomical MRI data

3DSlicer

Click on the
“link” button

Click on the
“visibility”
button

Click on the “fit
to window”
button

Click on the
“center 3D
view” button
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3DSlicer

Open the
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module
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£ Load

3DSlicer

Click on the
000001.IMA
node

Change the
name of the
MRML

node to
“anatomical-
MRI” and
press Enter

the anatomical MRI data
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3DSlicer
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verview

1.

Loading and visualizing anatomical MRI data

Incorporating fMRI data using image
registration and thresholding

Creating a 3D model of the tumour volume

Predicting the locations of brain structures using
Image registration and a brain atlas

Incorporating brain fiber tractography from
diffusion weighted images

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 el

— Statistical techniques are used o 5 o
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)

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)
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£ Functional MRI (fMRI)

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 high activation
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3DSlicer

Open the
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module
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Load the language fMRI data

3DSlicer
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3DSlicer

Click on the first
.ndr image in
the Analyze
folder within the
language FMRI
folder of the
patient dataset,
then click
“Open”
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£ Load the language fMRI data

3DSlicer

Set the
Volume
Name to
languagefMRI

Keep the
iImage origin
set to “From
File”

Click on
“Apply”
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£ Load the language fMRI data

3DSlicer

Set the

foreground

volume to

languagefMRI

Set the

background

volume to
none
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£ Load the language fMRI data

3DSlicer

Set the
background
volume to
anatomicalMRI

Click on the “fit
to window”
button

Click on the
“center 3D
view” button
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3DSlicer

" . 3D slicer Version 3.0
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3DSlicer

Note that the
image
volumes are
not aligned

" . 3D slicer Version 3.0
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£ Image-to-Image registration

3DSlicer

Image registration
The anatomical MRI and functional aligns two images
MRI image volumes are not aligned together with the

\1/ goal of making the

| corresponding
@ m anatomy overlap

The anatomical MRI and functional
MRI image volumes overlap
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£ Image-to-image registration

3DSlicer

« Steps involved in image registration:

[ Initial manual transformation }

the rotation, translation, scale and
shear needed to align the moving
image 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
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3DSlicer

" . 3D slicer Version 3.0
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£ Initial manual transformation

3DSlicer

Create a
new linear
transform

The new
transform is
initialized to
the identity
matrix
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£ Initial manual transformation

3DSlicer

" . 3D slicer Version 3.0
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£ Initial manual transformation

3DSlicer

Drag the
languagefMRI
node under
the transform
node

Now any
changes to the
transform
node are
applied to the
language fMRI
Image volume

" . 3D slicer Version 3.0

A E u H eedback
""""""" B MEEf- (2 @] [&] @] @] [ [ [ (] @6 i i [

mmmmmmm

i e
anatomicalMRI (vtkMRMLScalarVolumeNode1)
anatomical_languagefMRI_registrationTransform (
languagefMRI (vikMRMLScalarVolumeNode2)

e

Mame
“ Manipulate Slice Views

£ A
4 manipulate 3D View

P o BEIE @
T eEHER s =]
Yt | 100

= T 5 3 _ 2 & dpace@localhost:~ - She Am “:1?
9 % G };s\ E 6 @ Q =3 :‘_j <> 3 4 X 3D slicer Version 3.0 DU ‘A‘Ug zzggfrodsu-;l

40-



£ Initial manual transformation

3DSlicer

Open the
Transforms
module

Adjust the
translation
components to
roughly align
the two image
volumes in the
axial plane

" . 3D slicer Version 3.0

Fle  Edit e Help  Feedback
'''''''''''''' [ EIE e @ ] [ @ § & L) E 2 = i i [el
“
»

Transform Node: anatomical_languagefiRL_registrationTransform

1.000... | 0.000...  0.000... 120.0...
0.000...  1.000... 0.000... -100.0...
0.000... .000... | 1.000... @ 0.000...
0.000... .000 8800...  1.000...

Manipulate Slice Views
EEDOEE
“~  manipulate 3D View
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£ Initial manual transformation

3DSlicer

This initial

" . 3D slicer Version 3.3 Alpha

transformation

TR ” &) &| oo [ e (2 [&] (2] [#] @] [ [ [ [] =] R
matrix “pushes” the B - .
language fMRI

image onto the
anatomical MR
image - the
registration method

expects the inverse m

Click on the EEEOEEE
“Invert” button e
"I e HER s

Note that the
Images are no HDeBass @y
longer aligned

\ﬁ B 2 @ dpace@localhost:~ - Shel [ Neurosur gicalPlanningSc

3 4 X 3D Slicer Version 3.3 A
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3DSlicer

Open the
Affine
Registration
module

Automatic affine registration

N Slicer Version 3.3 Al

i

e Edit  Uiew window Hep Fee Color
Data.

E] Modules: Transfo Edifor

Fiducials

- Gradientanisofropic Filter »
rb ! Slicer Models
= 4 OpeniGTLink
Qdectodule
Queryitias
ROI
Slices
Transforms
PA Volume Rendering

Volumes

15 Converfers
Demonshation
Rofation Diffusion Tensor x
Diffusion weighted
LR Filtering
Meshing - v 4

Model Gene

lang...1RI

lang...MRI lang...MRI
(Uteh) Deformable B:5pline registrafiol

e

Segmentation anat..MRI

Statistics

anat..MRI anat...MRI

Affine registration

Deformable BSpline regishadion 05,533

Tizloanony Linear registrafion

Coordinate Reference: Global (dentity RealianUolume

“ Manipulate Slice Views

(= ELE

4 manipulate 3D View

WL B o [EE e

Affine registration

Q
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4 X 3D Slicer Version 3.3 A 2008-06-08

43-



& Automatic affine registration

3DSlicer

" . 3D slicer Version 3.3 Alpha

l 'I lder File  Edit  View Window Help  Feedback

@ Modules: Affine registrafion
Parameter -

Set, select e
“Create new
CommandLine e —

Translafion scaling | 100 » | ‘

b S ,
M Od | | | e lang...MRI lang...MRI lang...MRI
Inifia ransform | Mone A

anat..MRI anat..MRI anat...MRI

Create New CommandLine Module
status 1dle

“  Registrafion Parameters

e

Output ransform | none =
Fied Image | anatomical MRl
Moving Image | anatomicalhtrl

outout volume | wiane -

“ Manipulate Slice Views

[ & EEE

4 manipulate 3D View

R L K @ o
RT alir
L < [ e
Yt | 100
Creafe New CommandLine todule Q

@ dpace@localhost:~ - She 2 NeurosurgicalPlanningSc DU 21:31

9 % cj {;S\ g 8 @ {;*\ rj < ’ 421 X 3D slicer Version 3.3 A :ﬂg sunday

2008-06-08
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£ Automatic affine registration

3DSlicer

— Initial transform =
anatomical_language
fMRI_registration
Transform

— Output transform =
anatomical_language
fMRI_registration
Transform

— Fixed Image =
anatomicalMRI

— Moving Image =
languagefMRI

— Output Volume =
Create New Volume

Click “Apply”

" . 3D slicer Version 3.3 Alpha

Fle  Edit  View window Help  Feedback

@ Modulss: Affine registrafion @ l:] $ i

.{L’\" Slicer
Status idle
Registration Parameters
Histogram Bins |30 »
Spatial Samples »
Ieratio 2001
Translafion scaling >

Outputransform | anatomical_languagefMRL registationTransform

100
Inifial hransform ani?omlcil_lmguigafmRLnglshhonm
! |

Fixed Image

anatomicalMRI

ingImage | fanguagefhirl

Output Volume | 4 ffine registrafion Volume
Defalt

“ Manipulate Slice Views

E & OEOEEE

4 manipulate 3D View

WL B o [EE e

S—
LRI SICIEE N
»3d | 100

Q

& dpace®@localhost:~ - She
X 3D Slicer Version 3.3 A

= — = \ P B : 3 NeurosurgicalPlanningSc = 21:32
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£ Automatic affine registration

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

" . 3D slicer Version 3.3 Alpha

le  Edit wind
&) ]| oo i M= (2] (@] [A] (] [$] [ [ [ /] [E] i [
‘
N
rb\-‘r Sl
= 4
ssssssssssss
frad Parame]
Histoaram
E Sample
fion: 0
Transl;
transform ical_lan trationTransform
transform jical_lan ransform
;
gistrafior

nnnnn
“ Manipulate Slice Views
(=] @ (I
4 manipulate 3D View

< B E - @

r_ | 7
L
T e H el e CE
Yt | 100
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£ Automatic affine registration

3DSlicer

Open the
Transforms
module

Click “Invert”

The transform
now transforms
the moving image
(languagefMRI)
to align with the
fixed image
(anatomical MRI)

Fle  Edit  View window Help  Feedback

(] (]| s [ e M EIE e @ﬂﬂ R
4
»

[re pEE -

-

e ] o CE
Yt | 100

- -~ = - B > & dpace@localhost:~ - She! 3 NeurosurgicalPlanningSc A 21:38
D028 @D B [ 4 Xosicorvenionsian LR 8
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3DSlicer

Click on the

transform

node to see
that the matrix
has changed

" . 3D slicer Version 3.3 Alpha

Fle  Edit  View window Help  Feedback

@ Modules: Transfoms

& Automatic affine registration

“
2y »
{‘b\é Slicer
¥ Help & Acknowledgement
Display And Edit X
Transform Editor X
Transform Node: anatomical_languagefMRI_regishationTransform =
1.133... | -0.025... -0.025... | 148.2...
-0.075... | 1.192... -0.005... -1340...
-0.043...  -0.088... 1.419... | 4.472..
-0.000... | 0.000... -0.000... 1.000...
Translafion X
LR 148.25 lang...MRI lang...MRI lang...MRI
anat..MRI anat..MRI anat...MRI
Pa 13409
15 4472
Rotafion x

“ Manipulate Slice Views

[ & EEE

4 manipulate 3D View

Pl r

4L > @ el
Fla | B [ [l o
Yt | 100

Q
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Automatic affine registration

3DSlicer

" . 3D slicer Version 3.3 Alpha

Fle  Edit  View window Help  Feedback

Open the Data ®&8 -~ ~ mooe — efodesnens P i

{;\\ Slicer
module -

¥ Help & Acknowledgement

“ Display# Modify Scene

MRML Tree X
Scene X
anatomicalMRI (vtkMRMLScalarVolumeNode1)
= = 8 rm (

I anal -
h e n eW guagefMRI (vikMRMLScalarVolumeNode,
Affine registration Volumel (vtkMRMLScalarVolun
olume in the

VOIU —— , -

. i i @l agi =zl Al oron: =1 leng...MRI

M R M L n 7‘_ one =[] anat..MRI one 7“ jone = f anat..MRI
scene Is ,

MRML Node Inspector X

lang...1RI

the resampled

“ Manipulate Slice Views

moving image EED0EEE

4 manipulate 3D View

the lanquage =5 ik
( SJ SJ ”fALmilii%;Ei = &

fM I :I ) V“‘:,{ 100
@ dpace®@localhost:~ - She!! [ NeurosurgicalPlanningSc DU ;ﬂ 21:39
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3DSlicer

Set the
foreground to
anatomical MR
and the
background to
Affine registration
Volume1

Click on the “fit to
window” button

" . 3D slicer Version 3.3 Alpha

Fle  Edit  View window Help  Feedback

E] Modules: oot

{;\\ Slicer
=4

MMHEE

¥ Help & Acknowledgement

“ Display# Modify Scene

MRML Tree

B Scene

r—anatomicalMRI (vtkMRMLScalarVolumeHNode1)
—languagefMRI (vtkMRMLScalarVolumeHNode2)
r—anatomical_languagefMRI_registrationTransform (
L—Affine registration Volumel (vtkMRMLScalarVolun'

X | = m— = P

MRML Node Inspector
1D vikMRML ScalarVolumeNode2

Mame languagefhRl

“ Manipulate Slice Views

E & OEOEEE

4 manipulate 3D View

[ QO @ @
L 2
e e R e [E
Yt | 100

HeHasass o

Automatic affine registration

(2 ] [] [#] @] &6 [ [ [] &6 i [

“_
g |13] anat...MRI
2B Affi.me1

Dl

Q
= 2 3| d localhost:~ - She!! [N IPlanningS . 21:41
‘j _ = pace.@ ocal o? [ NeurosurgicalPlanningSc DU ;‘,ﬂj@ P
:> 3 4 X 3D Slicer Version 3.3 A 2008-06.08
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£ Automatic affine registration

3DSlicer

" . 3D slicer Version 3.3 Alpha

Scale the
iy ] (& oo = MEHEE (2] @] [A] [#] (9] & [ [ [ @ S [C E ¢ % [©f
opacities to see — :

that the images _
are aligned e

rScene

r—anatomicalMRI (vtkMRMLScalarVolumeHNode1)
—languagefMRI (vtkMRMLScalarVolumeHNode2)
r—anatomical_languagefMRI_registrationTransform (
L—Affine registration Volumel (vtkMRMLScalarVolun'

The new image is

the moving image

(language fMRI) =7

transformed and
EEEOEEE

resampled to

align with the Ll B -

fixed image .

& dpace®@localhost:~ - She 2 NeurosurgicalPlanningSc 21:41

(anatomical MRIl) 6208 =se8s @@= 0 Oc RS X crveron s e S

[E[=]
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3DSlicer

Right-click on
the Affine
registration
Volume1 node
and select
“Delete node”

" . 3D slicer Version 3.3 Alpha

Fle  Edit  View window Help  Feedback

E] Modules: oot

{;\\ Slicer
=4

¥ Help & Acknowledgement

“ Display# Modify Scene

anatomicalMRI (vtkMRMLScalarVolumeNode1)
anatomical_languagefMRI_registrationTransform (
languagefMRI (vtkMRMLScalarVolumeHNode2)

Affine registration "‘gu';;: #-*-MRMLScalarVolun

Go To Editor.
Delete Node

MMHEE

MRML Node Inspector
1D vikMRML ScalarVolumeNode2

Mame languagefhRl

“ Manipulate Slice Views

E & EEEE

4 manipulate 3D View

pP .5 L > @E‘@ o
A E‘ o

»3d | 100

Delefe Node

HeHasass o

Automatic affine registration

&) ] [2]

(2 @ [&] [#] @] & [ =]

anat..MRI anat..MRI

Aial anat..MRI
Affi.met Affi.met Affi.me1

Q
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X 3D Slicer Version 3.3 A
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£ Threshold image intensity

3DSlicer

Open the Volumes
module

" . 3D slicer Version 3.3 Alpha

E[E] e MEEE [gﬂ P i B
5 j
e Slicer

Set the foreground
to languagefMRl, =
and the background e
to anatomicalMRI

Click on the “fit to 5

plindlory buiion e,
Set the active s
volume to

oo gEIE -
L
T e e s B
}9‘;,4 100

languagefMRI

Expand the Display e 9 =ass s oo me B fmmmm,y oo = o us I
pane
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Threshold image intensity

" . 3D slicer Version 3.3 Alpha - 8 X
File  Edit  View window Help  Feedback
Set the Color t e o] [Tk i
e e Lolor to B :
3DSlicer
1 4
FullRainbow
¥ Help & Acknowledgement
~ Load
(L] Select volume File
volume Name: | languagefiiRl
Image Origin: From File —
Label tzp Single File
Apoly
Active Volume:
“ Disp ™
- = lang...MRI sagithl =] R = lang...MRI =
© Pisinbon anat. MR hone - : anat..MRI = |2 anat..MRI =
inferpolae = T 1
windowitevel: | aute . | |2386 (1215
T [ ﬂ
Threshold: off |0 (4475
il

“  Manipulafe Slice Views

WL EEE

~  Manipulafe 30 View

oo BRI
. L

»3d | 100

21:43
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£ Threshold image intensity

3DSlicer

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

Note that there
are speech
activation
regions close to
the tumour

" . 3D slicer Version 3.3 Alpha

Fle  Edit  View  wind Ip  Feedback
(@] [&]| e : [ ] [ e (2 [&] (] @] (8] & [ €] 7] (& RN
B osi '

“ anipulate S

E & OEOEEE

4 manipulate 3D View

N B [BIE e ©
RIS IR =
»3d | 100

@ dpace@localhost:~ - She!| {3 PNG Image - 1280x800 P 21:44
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y ‘j <> 3 4 X 3D Slicer Version 3.3 A
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verview

1.

Loading and visualizing anatomical MRI data

Incorporating fMRI data using image
registration and thresholding

Creating a 3D model of the tumour
volume

Predicting the locations of brain structures using
Image registration and a brain atlas

Incorporating brain fiber tractography from
diffusion weighted images

Annotating the preoperative plan and saving the
scene
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£ Model Making in Slicer3

3DSlicer

 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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.\@

3DSlicer

Model Making in Slicer3

« Steps involved in this section:

e

A

Place a seed point on the tumour in the anatomical MRI

e

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

_58-



3DSlicer

Click on the
Background
layer button to
show the

anatomical
MRI alone

" . 3D slicer Version 3.0

Fle  Edit  View window Help  Feedback

E] Modules: Volumes

@ Slicer

¥ Help & Acknowledgement
~ Load
(L] select volume File

Volume Name: | languagefhRi

Image origin: | From File
Label Map single File
Apply
Active Volume:
~ Display
Color Select:
Inferpolafe

windowiLevel: | auto

Threshold: Manual

“ Manipulate Slice Views

E & OEOEEE

4 manipulate 3D View

oo BEE-®

" s | @ [ ]

Place the seed point

[ [ [£] [#] @] &6 [ [ ] @] [©)[C] E

MEEf-

languagefrR

FullRainbow

2386 1215

2164 4475

lang...1RI

anat..MRI

B > 3 NeurosurgicalPlanningsc

3 4 X 3D slicer Version 3.0

lang...MRI

anat..MRI

lang...MRI

anat..MRI

e

Q

02:21
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2008-06-01
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Place the seed point

3DSlicer

" . 3D slicer Versionf L

Open the

Editor

Fiducials .
] " Fi = | 4
= Gradientanisotropic Filfer »
I u C I a S r‘ y Slicer
J OpeniGTLink
Qdectodule
¥ Help & Acknowledgement Queryatlas
ROI
ol slices
(L] select volume File Transforms
Volume Rendering
Volume Name: languagefiRl
Volumes
Image Origin: From File
Converters
Label i single Fil
s N9 Demonshraion

Apply  Diffusion Tensor
Diffusion Weighted

Active Volume: Filtering

o

T Meshing
Model Generafion
Color Select: Registraion ’ -~

— Segmentation
Interpolat v .
i3 Statistics , P

windowiLevel: |, Tractography 5

lang...MRI lang...MRI

anat..MRI anat..MRI

e

Threshold: Marwal 2164 4475

“ Manipulate Slice Views

[ & EEE

4 manipulate 3D View

Fiducials

Q
9 % @ D @ Ios = &\ 3 :‘_j S w2 d 3 NeurosurgicalPlanningsc a AS Souzn:::y

3 4 X 3D slicer Version 3.0

2008-06-01
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3DSlicer

Create a
new
Fiducial
List

Place the seed point

" . 3D slicer Version 3.0
H

e Edit  Uiew window Help  Feedback

Modules: Fiducials
«
>
{;\ Slicer
= 4

¥ Help & Acknowledgement

N

Fiducial List Select: Al ;
Create New FiducialList

Scale: 0 Symbol Scale: 0

Opacity:

Set Color Set Selected Color

setolyphType | piamond3n

[iare ——Tsoecea 1@ v ]

lang...MRI lang...MRI lang...MRI
anat..MRI

anat..MRI anat..MRI

e

“ Manipulate Slice Views

E & OEOEEE

4 manipulate 3D View

Q

B : j o 3 NeurosurgicalPlanningSc DU ;m'r; S‘LG’;:
3 4 X 3D slicer Version 3.0 o SobE ey
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Place the seed point

3DSlicer

. 3D Slicer Version 3.0 - 8 X

Fle  Edit  View window Help  Feedback

The &) ]| oo i
fiducial will &

show up p—— :
as a pink
starburst

Text Scale

Symbol Scale:

lang...1RI

lang...MRI = lang...MRI

anat..MRI anat..MRI anat..MRI

“ Manipulate Slice Views

E & EEEE

4 manipulate 3D View

A - 2 1 C NeurosurgicalPlanningSc = 02:22
> | <> o I ‘ DU hﬂi; Sunday

3 4 X 3D slicer Version 3.0 2008-06-01
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3DSlicer

Set the mouse

mode to
“place items”

" . 3D slicer Version 3.0

Place the seed point

Fle  Edit  View window Help  Feedback

Modules: Fiducials E :
<
>

@ Slicer

setGlyphType | strgurst2n

[ ——Tseces [@ [« [v |1

lang...MRI

~L
“
»

lang...MRI

lang...1RI
anat..MRI anat..MRI

I}

Distance:
anat..MRI

N
Add Fiducial| | Remouve Fiducial | Remove All Fiducials
Select All Fiducials| | Deselect All Fiducials

“ Manipulate Slice Views

E & OEOEEE

4 manipulate 3D View

oo IR
N L 2 -
R i [ @Rl =N

[ NeurosurgicalPlanningSc o 02:23
D GBS suncey

3 rj B e ‘
= < 3 4 X 3D slicer Version 3.0 2008-06-01
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3DSlicer

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

Click once to
place the seed

Place the seed point

" . 3D slicer Version 3.0

fle  Edit  View window Help  Feedback

E] Modules: Fiducials

{;\\ Slicer
=4

MMHEE [ @] [&] [#] [@] & [7] [ [2] @] [©] 2 & # (5] <

setGlyphType | strgurst2n

i —Tswecen (@ [« v [
33.0... | 45.5... |

FiducialLlist1-P3 @1 @1 |-

“ Manipulate Slice Views
£ A
4 manipulate 3D View

Pl

o GEIE @
L : -
" e HER e [
Yt | 100

' = . . - B > 3 NeurosurgicalPlanningsc o 02:26
9 % Cj iﬂ\ @ & @ e ‘j < 35 14 X 3D slicer Version 3.0 DU ‘nﬂg Zosolgfgz_ym
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3DSlicer

The fiducial
can also be
seen in the 3D
Viewer

" . 3D slicer Version 3.0

Fle  Edit  View window Help  Feedback

Modules: Fiducials
& &
@ Slicer

setGlyphType | strgurst2n

i —Tswecen (@ [« v [

FiducialLlist1-P3 @1 1 -33.0.. 455..

1= 1
Distence:

Add Fiducial| | Remouve Fiducial | Remove All Fiducials

Select All Fiducials| | Deselect All Fiducials

“ Manipulate Slice Views

[ & EEE

4 manipulate 3D View

3 .5 . O E‘ & @
Y Bl 2, =N
»CEA 100

~L

lang...1RI

anat..MRI

X 3D slicer Version 3.0

lang...MRI

anat..MRI

2 NeurosurgicalPlanningSc

lang...MRI

anat..MRI

e

Q

02:27
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2008-06-01
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Place the seed point

3DSlicer

" . 3D slicer Version 3.0

Fle  Edit  View window Help  Feedback

Set the mouse (] (]| o [ EE el (2] (&) (& [] (@] & [ (7] (2] @] §
mode to B o |

t.ra n”sfo rm e
view

FiducialLlist1-P3 @1 1 -33.0.. 455..

N ] =
Distance:

lang...1RI i lang...MRI lang...MRI

anat..MRI anat..MRI anat..MRI

e

Add Fiducial| | Remouve Fiducial | Remove All Fiducials

Select All Fiducials| | Deselect All Fiducials

“ Manipulate Slice Views

E & OEOEEE

4 manipulate 3D View

P | . QO @ @
Yt | 100

2008-06-01
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Segment the tumour volume

3DSlicer

R D Slicer Version 3, All Modules

fle  Edit View window Hep  Color
Data
@ Modules: Fic Edifor
S. I
Qdechtodule

Fiducials
Gradientanisofropic Filfer »
(]
Quenpatias
SetGlphTie | strgurst2D
ROI
Slices.
Secied

Slicer HModels
0OpeniGTLink
- FiducialList1-P3 VolumeRendering
rowing

Converters

Transforms

Demonshadion

Diffusion Tensor
l I IO u e Diffusion Weighted
Filtering
Meshing

egistrafion

LI EMSegment Command-line
Shiishics EMsegment simple %
il

El

~

lang...1RI lang...MRI lang...MRI

[ ket EMSeament Templafe Builder
Freesurfersurface SecfionExaction PN
Otsu Threshold Segmentation

i

anat..MRI anat..MRI anat..MRI

Add Fiducial| | Remoue Fiducial ove All Fiducials

Select All Fiducials| | Deselect All Fiducial: Simple region growing

“ Manipulate Slice Views

[ & EEE

4 manipulate 3D View

P S
Rt B
i A
Simple region growing 0
b @ \;ﬂ\ = ‘j <> 3 4 X 3D slicer Version 3.0 DU hﬂg zosoL:arng-yol
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£ Segment the tumour volume

3DSlicer
— Parameter set =
Create new _
CommandLine e e
Module @ “““““ | - e OEEEL - E0EEEE0E0E =
— #of iterations=1 =
_ S e e dS o S RIS RS
FiducialList1
— Input Volume =
anatomicalMRI
— Output Volume =
Create New
Volume =
Bl @ EOEEE
Click “Apply”

This step may takea e

few minutes to run - LI T o | —
H : £ i\ 8 E’ i\ j 3 4 X 3D Slicer Version 3.0 - DU :ﬂ aunday
wait until the status = = = =

says “Completed”
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£ segment the tumour volume

3DSlicer

" . 3D slicer Version 3.0

Set the Fle  Edit  View window Help  Feedback

E] mmmmmmmm sinple region growing E : @I:] § i [of
background to :

anatomicalMRI

Click on the “fitto  ~==m—
window” button

The tumour is =
segmented by ——

Hanipulate Sl

the label layer ESDOEEE
called “Simple
Region growing
Volume1”

(shown in purple)

= = = = : - _ 3 Vo z = e 02:37
9 % (‘3 is\ @ b\ @ Q ‘j <> 3 4 X 3D slicer Version 3.0 DU ‘HJU‘@ zosol:;g;ym
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3DSlicer

Open the
Model Mak
module

er

Create the tumour model

" . 3D slicer Version 3

Fle  Edit  View window Help  Feedback

Modules: Simple region 9rowing 4l todules a @

Color »
Slicer Dafe.
Editor
Fiducials
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it OpeniGTLink
Parameter sef
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¥ smoothing Parameters o
Slices
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Numbero VolumeRendering
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~ 10
u
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£ Create the tumour model

3DSlicer

— Parameter set =
Create new
CommandLine
Module

— Input Volume =
Simple region
growing Volume1

— Models = Create
New
ModelHierarchy

— Model Prefix =
Tumour

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

" . 3D slicer Version 3.0

Fle  Edit  View window Help  Feedback

[l ()| e Bondie [ o] [ e (2 &) (& @] (@] [ [ [ ] (@] i i [el

4 Create Mulfiple

4 Model Maker Parameters

4 Manipulate Slice Views
£ A

4 manipulate 3D View

3 .S . O E‘ @ q
I e mle - ;
Yt | 100

tiddle Button: Pan; Right Button: Zoom
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3DSlicer

" . 3D slicer Version 3.0

fle  Edit View window Help  Feedback
. 1 !! I 7 e =
CIICk ppy E] Modules: Model taker E " @D i +
r‘\ Slicer i
=4

Hodel Prefix | Tumour

This step may

Labels | 255
Start Label |- 1

take a few

4 model Maker Parameters

minutes to run - T

Laplacian

Decimate |0.25 »
L] [ ] )
n SplitNormals
W a I u I e PointNormals

Save Infermediate Models

status says .o
11 C O m p I et e d ” R

E & OEOEEE

4 manipulate 3D View
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£ Create the tumour model

3DSlicer

" . 3D slicer Version 3.0

Slice th rough e Edt bew dindow Hep  Feedback

) ] | o [ e DEEF
the image " i

volume to

Generate All Models

Labels | 255
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Filter Type [W] Sinc Laplacian

in the 3D Viewer
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4 manipulate 3D View
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£ Create the tumour model

3DSlicer

Open the Data
module

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

" . 3D slicer Version 3.3 Alpha

Fle  Edit  View window Help  Feedback
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£ Create the tumour model

3DSlicer

" . 3D slicer Version 3.3 Alpha
Note that the
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X
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MRML Node I
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3DSlicer

Open the Fle  Edit  View window Help  Feed

@ Modules: o

Models B o

“ Display & Modify Scene

MRML Tree

Scene
anatomicalMRI (vtkMRM
anatomical_languagefMR
languagefMRI (vtkMRN
tumourModel (vtkMRMLI

MRML Node Inspector
1D vikMRMLModelNode4
Mame fumourtodel

“ Manipulate Slice Views

(= ELE

4 manipulate 3D View
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3DSlicer

" . 3D slicer Version 3.0

f ;eIeCt the Fle  Edit  View window Help  Feedback

[l ()| e ki MMEE (2] &) (&)
:
:

tumour B o
model

Select Model or Hierarchy: Model Maker hodel1 =

- & Model Maker Model1
visibility
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clipping
Backface Culling
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| setcolor..
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lang...1RI lang...MRI
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Diffuse:

lang...MRI

“ Manipulate Slice Views
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£ Change the model’s appearance

3DSlicer

Set the model’s
opacity to 0.6

Click on the
box next to
“Set Color” to
change the
colour of the
model to blue

" . 3D slicer Version 3.0

Fle  Edit Ui windo
Bl [B]| roowe [ woss MME[E (2 6] & @ [¢] & [ [# [ [E] 2 %[
2
{D" sl
=
‘‘‘‘‘‘‘‘‘‘‘
lierarch fumourModel
ibility
lor Map S¢
........
Backface Culling od|
>
A
Ambient:
Diffuse:

“ Manipulate Slice Views
(=] @ (I
4 manipulate 3D View

< B E - @

P_|S 7

L
I o [ ] -
Yt | 100

BeBaBsEad

_78-



‘& View the anatomical MRI, fMRI and tumour
Y’ model

3DSlicer

" . 3D slicer Version 3.0
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& Save the tumour model

3DSlicer

" . 3D slicer Version 3.0

I tI File  Edit  Uiew Window Help  Feedback

@ Modulss: Modsls ‘j @

“Save’ g -

oane, click ==

Ambient:

;i [al

Diffuse:

“Save

Model” d Joo

¥ clipping

~ Swe

lang...MRI lang...MRI lang...MRI
Model To Save:
fumourttodel anat. MBI anat..MRI anat...MRI

(] sawe todel

E & EEEE

4 manipulate 3D View

Q
9% cj ‘S;\ @ 8 @ g\ ‘—j o B : B PNG Image - 1280x800 P

- 02:57
alld sunda:
3 4 X 3D slicer Version 3.0 DU hﬂg ZDOE-DG-lel

-80-



3DSlicer

Name the
tumour
model
tumour.vtk

Click
“Save’

X 30 slicer Version 3.0
i

Modules: Models

| SeTUOIOr..

Material Properfies
Ambient:

Diffuse:

Specular:

Power:

Preview: Presets:

9

~ clipping
- Swe

Model To Save:
(] tmourt

“ Manipulate Slice Views

W EEEEE

~  Manipulafe 30 View

R

L
|AE|

2954|100

e Edit  Uiew window Help  Feedback
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) IGTLoadahleModules 7

File name: tumour.vtk

s ofhpe: |1

:
) dwi-dicom
) patient_dataset
) patient_dataset_Backup
) SPL_PNL_Brain_Atlas2008

Wed May 28 11:22:42 201

Save the tumour model

;X[
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lang...MRI
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\ost X 3D Slicer Version 3.0
€ Desktop - Konqueror

- Cancel

X select File
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verview

1.

Loading and visualizing anatomical MRI data

Incorporating fMRI data using image
registration and thresholding

Creating a 3D model of the tumour volume

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

Incorporating brain fiber tractography from
diffusion weighted images

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 MR
— Label maps
— >160 models

from a healthy volunteer

Courtesy|. Talos, M.
Jakab, R. Kikinis and -83-
M. Shenton



£ Incorporating a brain atlas
 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

-84-



£ Incorporating a brain atlas

3DSlicer

« Components of the brain atlas used:
— Anatomical MRI image
— Models of segmented brain structures

* Using a brain atlas to approximate where brain
structures are in 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

_85-



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, and three models:
— Left and right optic tracts
— Left anterior superior temporal

gyrus

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

3DSlicer

" . 3D slicer Version 3.0

Select File ->
Import Scene

MEEf- (2 @] [&] @] @] [ [ [ (] @6 i i [

Ambient:

Note: Make -

Power:

sure that you TRE——
select “Import
Scene” and not
“Load Scene”,

“ Manipulate Slice Views
A
anipulate 3D View

as “Load T
wo e e 3
Scene” will
delete your gmz% c:’ Q @ @ Q S @ < E i 'x'énslic;rVersions.o B
work so far
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scene

3DSlicer

X 30 Shicarv

Fle  Edit

view  window

Select

“anatomical
MRI

Modules:

Slicer

| SETLOIOF.

Material Properfies

Registered -
ToAtlas.mrml”, )
then click

“Open”

“ Manipulate Slice Views

LI

4 manipulate 3D View

Import the patien

Help  Feedback

-atlas registration transform

Models 3
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J = backup_July_17_2007 () patient_dataset Wed May 28 1°
dpace ) cmake-2.6.0 ) patient_dataset_Backup Wed May 28 1°
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S
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Q
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Insp

3DSlicer

Open the Data
module

Set the
foreground to
atlasMRI and the
background to
anatomicalMRI

Click on the “fit to
window” button

" . 3D slicer Version 3.3 Alpha

Fle  Edit  View window Help  Feedback

E] Modules Dt

{.‘K\ Slicer
-~ 4

MMEE

¥ Help & Acknowledgement

“ Display# Modify Scene

MRML Tree

Scene
anatomicalMRI (vtkMRMLScalarVolumeNode1)
H-anatomical_languagefMRI_registrationTransform (
languagefMRI (vtkMRMLScalarVolumeHNode2)

[— tumourModel (vtkMRMLModelNode4)
=) i ARI_atlas_registrationTransform (vikh,

r—atlasMRI (vtkMRMLScalarVolumeHNode4)

ect the MRML scene

|—optic_tract_L.vtk (vtkMRMLModelNode5)
|—optic_tract_R.vtk (vtkMRMLModellode6)
L—superior_temporal_gyrus_ant_L.vtk (VikMRMLM
L_anatomicalMRI (vtkMRMLScalarVolumeNode3)

x = E—— = I

MRML Node Inspector
1D vikMRMLModelNode4

Mame fumourtodel

. Manipulate Slice Views

E & O EE

4 manipulate 3D View
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HeeB 83 @
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£ Inspect the MRML scene

3DSlicer

Inspect the atlas
MRML scene - 6
new nodes

— atlasMRI = anatomical ===

dify Scene

MRI from the atlas

— optic_tract_L.vtk =
model of the left optic
tract

— optic_tract R.vtk =
model of the right
optic tract

— Superior_temporal
gyrus_ant_L.vtk =
model of the left
anterior superior
temporal gyrus

" . 3D slicer

Version 3.3 Alpha

Fle  Edit  View window  Help

[l ()| e B MEEf- [ [ [] [#] @] &6 [ [ [] @] i i [of
r‘\ Slicer i 2
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mmmmmmm
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4 manipulate 3D View
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—atlasMRI (vtkMRMLScalarVolumeNode4)
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B x
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Q
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3DSlicer

Inspect the atlas
MRML scene - 6

new nodes

— anatomical MRI =
copy of the patient’s
anatomical MRI

— anatomicalMRI_atlas

registration

Transformation = the
transformation
between the patient’s
anatomical MRI| and
the atlas’s MR

" . 3D slicer Version 3.3 Alpha

MEEf-

B x

anatomicalMRI (vtkMRMLScalarVolumeNode1)
—anatomical_languagefMRI_registrationTransform (

el (vikMRMLModelNoded)

Inspect the MRML scene
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3DSlicer

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

Inspect the MRML scene

" . 3D slicer Version 3.3 Alpha

Fle  Edit  View window Help  Feedback

E] Modules: oot
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¥ Help & Acknowledgement

“ Display# Modify Scene
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3DSlicer

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

" . 3D slicer Version 3.3 Alpha

Fle  Edit  View window Help  Feedback

(2 [ [£] [#] @] & [ [=]

Modules: oat E :
r‘\ Slicer i
=4

¥ Help & Acknowledgement

“ Display# Modify Scene

MRML Tree

Scene
anatomicalMRI (vtkMRMLScalarVolumeNode1)
H-anatomical_languagefMRI_registrationTransform (
languagefMRI (vtkMRMLScalarVolumeHNode2)
—tumourModel (vtkMRMLModelNoded)
= i ARI_atlas_registrationTransform (vikh,
—atlasMRI (vtkMRMLScalarVolumeNode4)
|—optic_tract_L.vtk (vtkMRMLModelNode5)

| —optic_tract_R.vik (vtkMRMLModelNode6)
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Inspect the patient-atlas registration

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
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£ Inspect the entire scene so far

3DSlicer

Set the
foreground to
languagefMRI

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

Slice through
the image
volume to get a
good view

" . 3D slicer Version 3.3 Alpha

Fle  Edit  View window Help  Feedback
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¥ Help & Acknowledgement

“ Display & Modify Scene
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= icalMRI_atlas_registrationTransform (vikk
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verview

1.

Loading and visualizing anatomical MRI data

Incorporating fMRI data using image
registration and thresholding

Creating a 3D model of the tumour volume

Predicting the locations of brain structures using
Image registration and a brain atlas

Incorporating brain fiber tractography
from diffusion weighted images

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

3DSlicer

Diffusion Sensitizing Diffusion Weighted
Gradients Images
o O ' F <y

\ 7=\
| =N

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

Courtesy S. Pujol
and R. Gollub -97-



Diffusion Tensor Imaging (DTI)

N
3DSlicer

» Acquire diffusion weighted images (DWI) and baseline images
» Estimate a tensor at each voxel to create a Diffusion
Weighted image (DWI)
» 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)

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)
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£ Diffusion Tensor Imaging (DTI)

3DSlicer

« Steps involved in this section:

Load and inspect the Registration using a
DWI data precomputed MRML
scene

Create and inspect the

tensors  The precomputed MRML

} scene contains a copy of the
} patient’s anatomical MR, a

copy of the baseline image
of the patient’s DWI, and the
transformation that registers
them together

seed points

[ Place the tractography

Perform tractography
I
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3DSlicer

Open the

DICOM DWI
Loader module
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3DSlicer

" . 3D slicer Version 3.0

Create a new
CommandLine
Module

Click on the
folder icon to
set the

DICOM EPEEECT

4 manipulate 3D View

directory 0 5 IR
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3DSlicer

Click on the
DTI folder
within the
patient

dataset, then
click “OK”

HeBanvseEa

X

i

e Edit  Uiew window Help  Feedback

E] Modules:

Dicom DV loader

MEEf-

¥ Help & Acknowledgement
A Dicom DY Loader

' . Select Directory

Parameter set | picom Dy loadert

(8 @ &

Load the DWI data

= 1=
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s DTI
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£ Load the DWI data

3DSlicer

Set the I
dwilmage to
“Create New
Diffusion
Weighted
Volume”

Click “Apply”

“ anipulate S

E & OEOEEE

4 manipulate 3D View

This step may
take a few
minutes. Wait .

until Status says Ppe@a s s 8o fo BT Bmese o X o e
“Completed”

pp .S . O @E‘ @ @
[ | Bl e [=]
PQ‘;A 100
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£ Load the DWI data

3DSlicer

Open the Data o=
@ Modules: Data ‘j
module 5 :

Slicer

¥ Help & Acknowledgement

“ Display & Modify Scene

Rename the

S
anatomicalMRI (vtkMRMLScalarVolumeNode1)
C H-anatomical_languagefMRI_registrationTransform (
n eW D I O M languagefMRI (vtkMRMLScalarVolumeHNode2)
—tumourModel (vtkMRMLModelNoded)
=) i ARI_atlas_registrationTransform (vikh,
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mporal_gyrus_ant_L.v Ing...1RI ] Iang...1R} lana..MRI

Volume node S .

[}

to (13 DT I ” by o UIKMRMLDIffusionrightedUolumeNode )

“ Manipulate Slice Views
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4 manipulate 3D View
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C angllng the s B
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£ Load the DWI data

3DSlicer

Turn the -

ViSibiIity O-f-f for Fle  Edit  View window Help  Feedback
&) &| o [ e (2 &) [ @ (@] [ [ [ ] (@] i i [el

the four models T —
in the scene

“ Display & Modify Scene

MRML Tree
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—anatomical_languagefMRI_registrationTransform (
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Mame on

[—optic_tract_L. * Tossle Visibiity [\jodelNode5)
L]
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L] L L
$ | @
by right-clicking /. .5828 & =
Toggle Visibility Q

and right optic e
<3_a,,m."::¢ e, P
tracts, and left IR

superior

temporal gyrus) EECOOEE

and selecting

“Toggle Dedcamesanmo I Ly oo aus 52
Visibility”
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£ Inspect the DWI data

3DSlicer

" . 3D slicer Version 3.3 Alpha

Op‘ EI l tI I‘E Fle  Edit  View window Help  Feedback

BE e OHEE PedEddoEnE =
Volumes :

r (3 Slicer
Label tap single File
Apply
Active Uolume: anatomicaltiRl =

“ Display 4

Open the
Display pane

o)
Interpola.

vandowfLevel: | auto

Threshold: fang...1RI agi =] oron: lana..MRI

anat..MRI

Set the active
volume to the EEINEEE

4 manipulate 3D View

DTI volume oo gEE

»5:,4 100
on Q
= S = - B > @ dpace@localhost:~ - She!| {3 PNG Image - 1280x800 P = 22:24
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£ Inspect the DWI data

3DSlicer

Note that the |

Display pane
now allows you .~ npEErn PEEEEEEE P i [
to select the

DWI volume — —

Set the
background to e [ =B

nnnnnnnnn

off o
D I .
I L

[0, 15234 % [0, 1]

Click on the l\“ 3
Background ENESEEE
layer button Nolee gEmsE
Click on the “fit '

to window”
button

Ihost:~ - She! X 3D Slicer Version 3.0

HeBassead
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£ Inspect the DWI data

3DSlicer

" . 3D slicer Version 3.0

Scroll through 88~ = H0EE- - F0NPERDEDE =

the 36 SR
volumesinthe = -
set:

=
_O to 4 are o & =lE—]

nnnnnnnnn

baseline !
Images "

EEECEEE
-5to 35 are

diffusion e H e -
weighted '
Images

N 5 I - - _ 2 & dpace@localhost:~ - Shel X 3D Slicer Version 3.0
[ NS SRR NS W RN S ,
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£ Create the tensors

3DSlicer

Note that the
Diffusion Editor =

pane within the B E| NEEE@- - AEEEREDEDE =
B s '

volumes module -

Is activated —

when diffusion —
weighted i

images are
loaded

nnnnnnnnnnnnnnnnn

Expand the 2 s

ipulat lice Views
E & EEEE

Diffusion Editor

pane and note S - gh ,
the gradients ' | ®
used to acquire ©@°0=28s e a9 me BL UL T o W

the images
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£ Create the tensors

3DSlicer

Expand the
“Testing (Tensor — EexmmrEm-

Estimation & AEEE", FEEEEEIEDE Wi
Glyphs &
Tractography

Seeding)” pane

You would click

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

“ Manipulate Slice Views
£ A
4 manipulate 3D View

scene of

precomputed AL L

tensors because ‘
computing tensors @®9 =8 @ a9 O e

takes a while
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3DSlicer

Open the Data
module

Select File ->
Import Scene

Note: Make sure
that you select
“Import Scene”

and not “Load

Scene’”, as “Load

Scene” will

Create the tensors

" . 3D slicer Version 3.3 Alpha

e | _Edi u vindow  Help  Feedback

Save cits

Publish to KNAT Host...
Close Scene chiw
Exit

MRML Tree

Scene

tumourModel (vikMRMLModelNoded)
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D:

Mame:

“ Manipulate Slice Views
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4 manipulate 3D View
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3DSlicer

Select
“precomputed
Tensors.mrml’,
then click
“Open”

Fle  Edit  View window Help  Feedback

Modules: Data
Slicer

¥ Help & Acknowledgement

“ Display3 Modify Scene

MRML Tree

Scene
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MRML Node Inspector
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“ Manipulate Slice Views
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Desktop
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findTargets
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3DSlicer

3 new nodes:

- Baseline Node:
image without
diffusion weighting
- Threshold
Mask: mask
excluding the
background

- TensorNode
the tensors

Set the
background to
the tensor node

Create the tensors

" . 3D slicer Version 3.3 Alpha

Fle  Edit  View window Help  Feedback

E] Modules: oot
r‘\ Slicer
=4
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¥ Help & Acknowledgement

“ Display3 Modify Scene ‘
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Create the tensors

3DSlicer

" . 3D slicer Version 3.0 =l 51 B2
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View the tensors

3DSlicer

R . 3D Slicer Version 3.0 = BT B
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3DSlicer

Scroll down and
turn the glyphs ame

on for all three BE [~ - EOEEr- FEEREEOEDEEEE ¢ i B
views |

Adjust the scale
factor and the
spacing

The line’s direction
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£ View the tensors

3DSlicer

" . 3D slicer Version 3.0
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£ View the tensors

3DSlicer

" . 3D slicer Version 3.0

Fle  Edit  View window Help  Feedback
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3DSlicer

Open the
Fiducials
module

Create a new
Fiducial List

Place the tractography seed points

" . 3D slicer Version 3.0
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Place the tractography seed points

3DSlicer

" . 3D slicer Version 3.0
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Place the tractography seed points

3DSlicer
- 8 X
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Place the tractography seed points

3DSlicer
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Perform tractography (fiber tracking)

3DSlicer
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3DSlicer

— DTI volume
= Diffusion
Editor 1
TensorNode

— Fiducial list =
FiducialList2

— Qutput
FiberBundle
Node =
Create New
Fiber Bundle

Perform tractography (fiber tracking)

" . 3D slicer Version 3.0
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3DSlicer

Open the
Volumes
module

Turn the
glyphs off for
all three views

Click on the
“visibility”
button to turn
off the slice
visibility

File  Edit  Uie
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_19.png - KSnapshot
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X 3D slicer Version 3.0
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=

3DSlicer

One tract is
generated for
each fiducial.

The tract
colour is the
fractional
anisotrophy by
default.

" . 3D slicer Version 3.0

Fle  Edit  View window Help  Feedback

@ Modules: Volumes

Perform tractography (fiber tracking)
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3DSlicer

Open the
Fiducials
module

Turn off the
visibility of the
fiducials

e ;
‘o ity 2 1
off Set Selected Color 1]

" . 3D slicer Version 3.0

fle Edit Uiew window Help  Feedback
@ Modules: Fiducials
“ ) Slicer

=4

¥ Help & Acknowledgement
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Import the anatomical-DTI registration
transform

" . 3D slicer Version 3.0

L]
elect File -> Pr———"
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Select
“anatomical
MRI
Registered
ToDTIl.mrml”,
then click
“Open”

X 30 slicer Version 3.0

Fle  Edit  View window Help  Feedback

Modules: Fiducials

¥ Help & Acknowledgement
“ Display

Fiducial List Select: FiducialListt
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£ Inspect the MRML scene

3DSlicer

Open the Data
module

" . 3D slicer Version 3.0

MEEf-

= X S
Inspect the atlas N,
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— anatomicalMRI = copy
of the patient’s e e
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3DSlicer

3D slicer Version 3.0

Inspect the MRML scene

Fle  Edit  View window Help  Feedback

E] Modules: oot

Delete the
duplicate

anatomicalMR| == X
node by right-

clicking and

selecting e —
“Delete Node” —_— =

= |

optic_tract_R.vtk (vtkMRMLModelNode6)
superior_temporal_gyrus_ant_L.vtk (vtkMRMLM
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3DSlicer

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

3D slicer Version 3.0

Fle  Edit  View window Help  Feedback

E] Modules: oot

¥ Help & Acknowledgement

“ Display# Modify Scene
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DiffusionEditor_1._TensorNode (vtkMRMLDiffusiol
FiducialList1 (vtkMRMLFducialListNode1)
FiberBundletaodg 2
CalMRI_DTI_registrationTransform (v
itor_1. i (Vv cutnode

= |

Go To Edifor...
Harden Transforms
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£ Inspect the MRML scene

3DSlicer

Drag the three
diffusion editor -
B & o o malElE EIRIEREIE @ el E i
nodes, the e
= 4 \ \

fiducial list | ]

" . 3D slicer Version 3.0
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3DSlicer

Set the
foreground to
the baseline DTI
node and the
background to
anatomicalMRI

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

" . 3D slicer Version 3.0

Hle  Edt  Uiew window Help  Feedback
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¥ Help & Acknowledgement

“ Display# Modify Scene
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3DSlicer

Set the
foreground to
the tensor node
and the
background to
anatomicalMRI

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

" . 3D slicer Version 3.3 Alpha

Fle  Edit  View window Help  Feedback

Inspect the anatomical MRI-DTI registration
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¥ Help & Acknowledgement

“ Display & Modify Scene
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3DSlicer

Set the
foreground to
languagefMRI

Click on the
“visibility” button

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

" . 3D slicer Version 3.3 Alpha

Fle  Edit  View window Help  Feedback

@ Modules: oot

MMHEE
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¥ Help & Acknowledgement

“ Display & Modify Scene
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ErranatomicalMRI_DTI_registrationTransform (vtkMF

m— = Y

MRML Node Inspector
D:

Mame

“ Manipulate Slice Views

ERDDDEE 2

4 manipulate 3D View

pp .SL O @E‘ @
il A E‘
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& Inspect the entire scene so far

3DSlicer

D Slicer Version 3.3 Alpha

Fle  Edit  View window Help  Feedback
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the image —
volume to get .

anatomicalMRI (vtkMRMLScalarVolumeNode1)

¥ Help & Acknowledgement
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£ Inspect the entire scene so far

3DSlicer

Turn the * . 3D slicer Version 3.3 Alpha
the four models & .. |
in the scene e
(tumour, left
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|
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Visibility”
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£ Inspect the entire scene so far

3DSlicer

T h e Sce n e n OW " . 3D slicer Version 3.3 Alpha

Fle  Edit  View window Help  Feedback

Contalns [ EE & E‘ (2 6] & @ [¢] & [ [# [ [E] 2 %[

. @ Slicer
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- “ Display# Modify Scene
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E
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¥ Help & Acknowledgement
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verview

1.

Loading and visualizing anatomical MRI data

Incorporating fMRI data using image
registration and thresholding

Creating a 3D model of the tumour volume

Predicting the locations of brain structures using
Image registration and a brain atlas

Incorporating brain fiber tractography from
diffusion weighted images

Annotating the preoperative plan and
saving the scene
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% Plan annotation

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

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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3DSlicer

Open the
Fiducials
module

Create a new
Fiducial List

Annotate the plan

" . 3D slicer Version 3.0
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Annotate the plan

3DSlicer

" . 3D slicer Version 3.0

Fle  Edit  View window Help  Feedback

Set the glyph

type to
Sphere3D

Dish20

Cross20
ThickCross20

¥ Help & Acknowle

“ Display

Triangle2D
Fiducial st Select  Square20 stz a
Circle2D -
10

Diamond20

Text Scale

Amow2D
[3] o
Thickamow2D
SetColor L HookedAmow2D

Strburst2D
Sphers3D
Diamond3D

setolphType sf ¢

lang...MRI

lang...MRI

lang...1RI
anat..MRI

anat..MRI

anat..MRI

“ Manipulate Slice Views

(= ELE

4 manipulate 3D View

Q
22:52

DU ;;U'[; Sunday

2008-06-01

Sphere3D
= S < 3 B e ‘ it 220
9 % G };ﬁ\ @ 6 @ Q = :‘_j <> 3 4 X 3D Slicer Version 3.0 ZJ NeurosurgicalPlanningSc

-145-



Annotate the plan

3DSlicer

" . 3D slicer Version 3.0
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3DSlicer

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

" . 3D slicer Version 3.0

Fle  Edit  View window Help  Feedback
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3DSlicer

Set the mouse
mode to
“place items”

Annotate the plan
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3DSlicer

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

Annotate the plan
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Annotate the plan

3DSlicer
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3DSlicer

Place a
fiducial on the
sagittal plane
representing
the planned
access point to
the tumour
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3DSlicer

Double-click
on the name of
the fiducial

and change it
to “tumour
Access”

Annotate
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£ Distance measurements

3DSlicer

" . 3D slicer Version 3.0
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Inspect the final scene

3DSlicer
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3DSlicer

Set the layout
to the “3D only
layout”
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Inspect the final scene

3DSlicer
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3DSlicer
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ave the scene
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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 MR — brain structure models
— functional MRI from a registered atlas
_ a model of the tumour  — fiber tractography

— annotated fiducial points
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£ Conclusions

3DSlicer

« 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...

3DSlicer

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...

3DSlicer

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:
 Areview on 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:

Morti, 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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