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Learning objectives

-
3DSlicer

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

— Image registration

— model making

— DTI 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, regulations and
rules.
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Prerequisites

3DSlicer

* Data Loading and Visualization in Slicer3:
http://wiki.na-mic.org/Wiki/index.php/Slicer:Workshops:Slicer3_Training
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http://wiki.na-mic.org/Wiki/index.php/Slicer:Workshops:Slicer3_Training

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 —

| @ [ e = )

and a platform for research =

* The precompiled program and 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 =l

* 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 MRI, functional
MRI and diffusion tensor
imaging

— Highlight structures of
Interest

— Determine the best
surgical approach




7
3DSlicer

% 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)

SPGR MRI Language bSP'L-Pt'\IlL
(anatomical) fMRI E rain atias
Diffusion
Weighted
Images

-11-



1. Loading and visualizing anatomical MRI
data

1. Incorporating fMRI data using image registration
and thresholding

1. Creating a 3D model of the tumour volume

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

1. Incorporating brain fiber tractography from
diffusion weighted images

1. Annotating the preoperative plan and saving the
scene

-12-



& Anatomical imaging

* 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-



Load the anatomical MRI data

3DSlicer
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Load the anatomical MRI data

3DSlicer
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Load the anatomical MRI data

3DSlicer
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Load the anatomical MRI data

3DSlicer
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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

Load the anatomical MRI data
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3DSlicer

Open the
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module
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Load the anatomical MRI data

3DSlicer

B [BE]] - o [ E = E & & [@ @ & E (2 E (Sl E

"“AX SPGR & o
3D” node ———

1
Expand the ‘
“Node S |
Inspector”,

JPP—
3 da o  da Sracory

= [ —
enter 5 e
“anatomical- ~ =Emosssmss

7 e r | [EEE R e
MRI" and

press Enter Georass N C

-21-



Load the anatomical MRI data

3DSlicer
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1. Loading and visualizing anatomical MRI data

1. Incorporating fMRI data using image
registration and thresholding

1. Creating a 3D model of the tumour volume

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

1. Incorporating brain fiber tractography from
diffusion weighted images

1. Annotating the preoperative plan and saving the
scene
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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

— Statistical techniques are used el R =
determine which brain regions S S
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 R. -24-
Gollub
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‘£ 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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Load the language fMRI data

Open the
Volumes
module
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» Load the language fMRI data

3DSlicer

Go to File el TEEE
menu and

select “Add X
Volume”
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Load the language fMRI data

3DSlicer

Click on the first
.hdr image in the
Analyze folder
within the
language FMR
folder of the
patient dataset,

then click
“Apply”

=)

3D Slicer Version 3.4
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Load the language fMRI data

3DSlicer

Set the ST, -
. Modules: Volumes 3
Volume Name
=
to

languagefMRI

Keep the =
image origin ==
set to “From

File” EEpOEEE

= manipulzte 30 View

[ &

Click on SRR

11 Q [}] .
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3DSlicer

Set the
background
volume to
anatomicalMRI

Click on the “fit
to window”
button

Click on
“Center 3D

] LE) g P - 2 @ dpace@localhost:~ - She!l [ Neurosur gicalPlanningSc
View” button HRPO0ES P M 0 Xaosorversionso

4
»
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3DSlicer

Scale the
opacities to see
both the
foreground and
background
layers

Active Uohme:

< [H)|
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4
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@
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Load the language fMRI data

3DSlicer

" . 3D slicer Version 3.0

— X
File  Edit  Miew  MWindow  Help  Feedback
|§| lﬂ Modules: Volumes E lz‘ EI E search modules @ 3 +
‘
.
{i\ iDSlicer
= 4
¥ Help & Acknowledgement
-~ Load
(2] select volume File
volime Mame: lanauagetiRl
Note that the
Label Map Single File
- Apply
I m a g e Active Uolume: languagefhRl
¥ Display
volumes are
B a lang... WRI =
not aligned L

~  nanipulate Slice Uisws

E@EIEEER

“ manipulate 30 View

RPL\;L o> lE‘ @ Ic)j
e @R s [E]
¥ [ 100

)

pedaes®adms o us i,
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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
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& Image-to-image registration

* Steps involved in image registration:

|

Initial manual transformation }

|

Automatic affine
registration

X

An affine transformation estimates
the rotation, translation, scale and
shear needed to align the moving
image with the fixed image

Slicer’s affine registration module
uses mutual information to
estimate the similarity between two
iImages
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3DSlicer

" . 3D slicer Version Al odles

IT File  Edit  View Window Hep  F Color
pe e et

Wodules: vel

Transforms B e
module v

(2] select volume File

volime Mame: | languagefniRl

Image Origin: | From File
Lebel e [ sinale File
“pply
active olume:
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¥ Sawe

~  nanipulate Slice Uisws
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“ manipulate 30 View
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3DSlicer

Create a
new linear
transform

The new
transform is
initialized to
the identity
matrix

Initial manual transformation

" . 3D slicer Version 3.0 = X

Fle  Edit  View Mindow Help  Feedback
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“ manipulate 30 View

o BEEe®
L T DI - W
w100
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i - i~ - She - :
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Initial manual transformation

3DSlicer

Open the Data
module

Change the

name of the
transform to
“anatomical_
languagefMRI S,

. i i ElE T —
registration B
Transform” b

T EEEE e
: - (=]
s | e ]

s Taeceo M- Br(la. e
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”
3DSlicer

Drag the

languagefMRI
node under the ¢
transform node

Now any
changes to the
transform node
are applied to
the language

s o 1 mane

s o o clonccry

PUF—

490 ot o 0 ol vy
o

= Manipula Slics Views
- | B
~ Manipulate 30 View

Fp | EHEE R e
Cn . =

fMRI image
volume
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3DSlicer

Open the
Transforms
module

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

eeeeeeeeeeeeeeeeeeeee
Display And Edit

rrrrrrrrrr
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3DSlicer

This initial T
transformation
matrix “pushes” the
language fMRI
image onto the
anatomical MRI
image.

Rrotadion

& Manipulate Slice Views
-] LR
. Mznipulzte 30 View

G

RP i L T IE‘@ E
1A E‘ —
¥ | 100

HeBasass e

4
»
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3DSlicer

3D slicer Version 3.3 AljiEi

C) erlﬂje P ———
Dite.
Madules: Transfo  Editor
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.’ OpenIGTLink
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“ manipulate 30 View
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x
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3DSlicer

Note that the Affine & ..

supports multiple
sets of parameters
for repeated use.
To create a new
set, select “Create
new
CommandLineMod
ule”

Automatic affine registration

" _ 3D slicer Version 3.3 Alpha = X

View  Window  Help  Feedback

Rk Edit L
&

odules: ne registration
Wadul A rad
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“ manipulate 30 View
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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”

Automatic affine registration

" _ 3D slicer Version 3.3 Alpha X
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o

3DSlicer

Set the
foreground to
languagefMRl,
and the
background to
anatomicalMRI

Click on the “fit
to window”
button

Automatic affine registration

" _ 3D slicer Version 3.3 Alpha
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Automatic affine registration

3DSlicer

" _ 3D slicer Version 3.3 Alpha

The transform
now sets the
mOVing image
(languagefMRI) in
alignment with the |

fixed image EDOEEE
(anatomical MRI)
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y

3DSlicer

omatic affine registration

" _ 3D slicer Version 3.3 Alpha
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3DSlicer

Open the Data
module

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

Automatic affine registration

" _ 3D slicer Version 3.3 Alpha
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Automatic affine registration

3DSlicer

" _ 3D slicer Version 3.3 Alpha

File  Edit  View Window Help  Feedback
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Automatic affine registration

3DSlicer

" _ 3D slicer Version 3.3 Alpha

Scale the
opacities to see
that the images S

are aligned o :
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X

The new image is
the moving image
(language fMRI) I
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resampled to align -

with the fixed R s e
image (anatomical
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Automatic affine registration

3DSlicer

" _ 3D slicer Version 3.3 Alpha
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Threshold image intensity

3DSlicer

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

volume to oo pEE-s e

languagefMRI LT

Expandthe Display Bedc g e s a @ oo M Smmmm o s o s i,
pane
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£ Threshold image intensity

3DSlicer

" _ 3D slicer Version 3.3 Alpha = X

File  Edit  View Window Help  Feedback
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¥ Help & Acknowledgement
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“ manipulate 30 View
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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

Threshold image intensity

" _ 3D slicer Version 3.3 Alpha = X
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1. Loading and visualizing anatomical MRI data

1. Incorporating fMRI data using image registration
and thresholding

1. Creating a 3D model of the tumour
volume

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

1. Incorporating brain fiber tractography from
diffusion weighted images

1. 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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3DSlicer

Model Making in Slicer3

* Steps involved in this section:

-

A&

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

3DSlicer

" . 3D slicer Version 3.0
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Place the seed point

3DSlicer

3D Slicer Versionfiilg . .
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» Place the seed point

3DSlicer

3D Slicer Version 3.4
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3DSlicer

Place the seed point

Expand
“Other
Display List
Properties.”
Controls
iInclude
fiducial
color
(default:
pink), and
shape
(starburst)

-

El =
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EE
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3D Slicer Version 3.4

Q) z:a7Pm
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3DSlicer

Set the mouse
mode to
“place items”

Ded8ssad e ™ W

Place the seed point

" . 3D slicer Version 3.0

= X
Kt Edit  Uiew Window Help  Fesdback
& =] T
[ BN @ o &
1
v
‘ﬁ‘ iDSlicer
setahoh 1v0e | starurstzo
e e (@ x v
-
H 1 sl lang.. MRl Sagithl leng. MRl Caronel a lang... 1R =
Distance: == =
anad...MRI anad...MRI Hene = anat.. MRl =
Add Fiduciel| | Removs Fiducial| | Remous All Fiducials x >

Selectall Fiducials| | Deselect Al Fiducials
& Manipulate Slice Views
-] LR
. Mznipulzte 30 View
w00 B e
p—3—L w7 @ e
IRNLE = [=]

¥ | 100
v

ocalhost:~ - S 2 NeurosurgicalPlanningSc 02:23

BU mg Sunday

X 3D slicer Version 3.0 2008-06-01
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Place the seed point

3DSlicer

" . 3D slicer Version 3.0 X

Slice through

(] (]| e [ DY ES [ [ & IR HETE
t “‘ iDSlicer ’

volume until

T - W
you see the
tumour in all

three views

= 7 =

Add Fiducial| | Remove Fiducial| | Remoue All Fiducials

Click once to

~  nanipulate Slice Uisws

place the seed FEODEEE

“ manipulate 30 View

w0 e @lEl (@
"I el @R os ) [
¥ | 100

| i , 2 @ dpace@localhost:~ - 5 3 NeurosurgicalPlanningsc - 02:26
9 % G Q @ @ Q =3 < ? 4 X 3D slicer Version 3.0 ’ : BU hﬂ@ ]

2008-06-01
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Place the seed point

3DSlicer

" . 3D slicer Version 3.0

= b
S t th Fie  Edit  Disw  Window  Help  Feedback
e e l I louse Modules: Fidhcils Emglﬂmhmodulzs @ i “ '
‘ Nt
v
{;\ iDSlicer
mode to B
“transform el
foe —Tsaeer @ v
V i eW” FducialList1-P3 1 @1 | -33.0.. | 45.5.. |-
H 1 sl lang.. MRl Sagithl lana. hiFI = lang... 1R =
Distance:
anat.. Rl anat... Rl = anat... Rl =
Add Fiduciel| | Removs Fiducial| | Remous All Fiducials x >
-59.5

@[>+

Selectall Fiducials| | Deselect Al Fiducials

~  nanipulate Slice Uisws

(=] & (A [

“ manipulate 30 View

[l ]

p® o

p—3—L lE‘
e B [ @2

Q

DodcEs a0 me M SrLn o T o us I
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Place the seed point

3DSlicer

" . 3D slicer Version 3.0

File  Edit  View Window Help  Feedback

The fiducial can e OENE - PN e
also be seenin &~

[ ] SetGboh 1v0e | strpurstzn
the 3D Viewer e e v T
-33.0... | 45.5... |~

Fiduciallist1-P3 1 1

= 7 =

Distnce:

lang.. RI lang. HRI

anat.. Rl

anat... Rl
Add Fiducial| | Remove Fiducial| | Remoue All Fiducials
Selectall Fiducials| | Deselect Al Fiducials

~  nanipulate Slice Uisws

(=] & (A [

“ manipulate 30 View

[l ]

p® o

p—3—L lE‘
e B [ @2

Q

1 ‘ y  — - 2 = dpz ocalhost:~ - § 2 NeurosurgicalPlanningSc - 02:27
9 % G Q @ @ Q =3 <> 3 4 X 3D slicer Version 3.0 BU hﬂ@ zosolg!g:f’ol
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3DSlicer

Open the

“Segmentation
-> Simple

Region
Growing”
module

Eila  Edit  Miaw  Window Coler
ta

® &l - e

& Fiducial

Modsls
m 3DSlicer ROt

Sicarwalooma
Sioss
™ Halp & Acknomladgamant Tranctorme.

~ Modity All Fidugial Lists & Thair * = WelumaRandaring
welumas.
Ty [y
EEBIHES] B

= Modity o Salacad Fidusial Lig

Intrmatics.
Ragisraticn

Fiduaial List Sagmantaticn

3D Slicer Version 2.4

& £ = (€ &

] )| (5] (2] B

Satistics
Modity List
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Cthar Lizt Display Propartis

Gyph typa StarBurstzD
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Cracity: 1
Arvbiant: o
Diftsa: T
Spacular: o
Fomar: T

~ Add & Modify Individusl Fiducials

L S CA—

“~ Manipulate Slics Viaws

(=) ]

= Manipulata 3D View

e 8
L

r
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3DSlicer

— Parameter set =
Simple region
growing

— # 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

" . 3D slicer Version 3.0

4
¥
“i iDSlicer

wwwwwwwwwwwwwwwwwww

™ Smaothing Parmeters
~  seamenfudion Parmeters

rumber ofiferafions | 5
rulfiplier | 2.5

neighbothaod Radius | 1

Seeds | FiducialLisH

uuuuuuuuuuu

lllll

. Manipulate 51

ipulad lice Views
(= (AR
i liew

= Manipulate 30 Vi

=

oo pEE
o s @Rl o [aad
¥ | 100

BeBa8s @ e o B & deccioaton s Dueusicrni B WG o

3 4 X 3D slicer Version 3.0 2008-06-01
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Segment the tumour volume

3DSlicer

Set the Fie  Edit  Disw  Window  Help  Feedback
Mol

mmmmmmmmmmmmmmmmm (4] [¢] %] [] frmmmeen
background to _—
. 4
anatomicalMRI S
Click on the “fitto = -
window” button e
The tumour is T e : -
oo 2 | e
segmented by e w ST —
the label layer
- EEpDEEE
called “Simple
Region growing  -1:=n88d 5 : j .
Volume1” >
(shown in OeOcre®ad me M nuiLy T o e

purple)
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3DSlicer

3D Slicer Version 3.0 x

Fle  Edit  View Mindow Help  Feedback

Open the =

<

Model Maker |
odel Make

= GradientanisoiropicFiler

m 4 simple Region Growing fiodels

O u e Qpenli3TLink

iDSlicer Data
parameterset| simple

Editor

odechiodle
Querafias
¥ Smoothing Parameters i
Slices
 seamentaion Parmeters Transfoms

Numbero  VolmeRendaring
Uolumes
neighbothood Radins | oonuerters

Demanstration »

Diffusion Tensor

D ,

Fillaring
tieshing

output Uolugl simple regic Model Generation F- " crapscale model maker leng. MR Sagithal leng. MRl = Coronal ang... MRl =
Reaistrafion # Label 1ap smoothing = anat.. iRl Simp..me1 anat.. iRl = Simp..me1 anat.. 1Rl A
Seqmentifion r

el i Mode! Maker
< ulfiple models example

Tractography

" Probe Uolume Hith hiadel (Faint)
= Manipulate Slice Uisws

3

“ manipulate 30 View

Moo pEE

¥ | 100
v

nndel Maker

: I 3 dpz lhost:~ - S - _ 02:38
9 % Q Q @ Q S | XBlei:erVersionB.u ﬂu ;ﬂ@ 2050?32?’01
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Create the tumour model

3DSlicer

— Parameter set =

Create new
CommandLine el T MBEE- (2 ] & @ € & [l [E 2 H N
Module @ iDSlicer
— Input Volume = e
Simple region
growing Volume1
— Models = Create < e
New
ModelHierarchy ;EH
— Model Prefix = P
Tumour EEDDEEE
— Labels = 255 e 1
(scroll over the e L
purple tumour and oo - o _ ‘ ©
note the “Lb” BeB=8s o me BT (Ll T G ey
value)
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3DSlicer

Click “Apply’

This step may take
a few minutes to
run - wait until the

status says
“Completed”

9 % G Q @ @ Q 3 <> - 2 @ dpace@localhost:~ - 5 ) NeurosurgicalPlannings BU m@ 02:40

Create the tumour model

" . 3D slicer Version 3.0

File  Edit  View Window Help  Feedback

Hodules: Hodel Maker E lz‘ EI E stavch modles @ i +
{;\ iDSlicer i

=4

Hodel Prefiz | Tumour

Generate All odels

End Label |-1
Joint Smoothing
A model Maker Parameters

smooth | 10 L

Filfer Type [W] sine [ ] Laplacian

Decimate | 025 M

Split Homals [#]

Point Wormals [#]

Save Infermediate models

i lang.. RI gl leng. MRI
= anadomical Information d

i oron: i lang... Rl
.. anad...MRI .. i = .. =i anat.. MRl
e e % | - [Lh = =]
el 35.136
N
"

~  nanipulate Slice Uisws

E@EIEEER

“ manipulate 30 View

S e pEE e
IBE ISR -

¥ | 100
v

Sunday
2008-06-01

3 4 X 3D slicer Version 3.0
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3DSlicer

Slice through the
Image volume to
expose the

tumour model in
the 3D Viewer

Create the tumour model

" . 3D slicer Version 3.0

= X
Kt Edit  Uiew Window Help  Fesdback
L EE e (2] ) P
- e e =l
4
¥
Y zpsiicer
tiodsl Prefix [Tumour
Generate All Models
Labels [255
Stort Label [-1
End Label -1
Joint smoothing
& model Maker Parameters
smooth [ 10 ¥
Filter Ty [W] Sine [] Laplacisn
Dicimate [0.25 [
Split Homals [#]
Point Wormals [#]
Sawse Infermediate Hodels = =
leng... kI = lang...HRI = . = lang... HRI =
> anatomical nformation i - Q. - -
anat.. Rl = anat.. Rl = = anat... Rl >

Default Apply

. Menipulate Slice Views

E@EIEEER

= Manipulate 30 View

S e pEE e
IBE ISR -

¥ | 100
v

9 % G Q @ @ Q A+ ? z @ dpace@localhost:~ - 5 2 NeurosurgicalPlanning O =9 sﬁ:::y

X 3D slicer Version 3.0 2008-06-01
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o

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

File  Edit  View
&

.@ iDSlicer

window  Help  Feedback

Hodules: D

¥ Help & Acknowledgement

“ Displayie Modify Scene

MR Tree

Scene

anatomicalMRI (vikMRMLScalarvolumeHMode1 )
anatomical_languagefMRI_registrationTransform (
languagefMRI (vikMRMLScalarVolumeHode2)

mple region growing YolumeZ (vikMRMLSC
FduciallistZ (vtkMRMLFiduciallist™

cutrode
Go To Edior.
Delete Wode

= Y

HRHL hlods Inspector
D, HkHIRN LMadelNoded
Hame: Tumour_255_mambazo

. Menipulate Slice Views

E@EIEEER

= Manipulate 30 View

oo EEE
RN R = S
¥ | 100
v
Delete Node

HeBasass e

=

Create the tumour model

= %
- -
[ a ] -
ang. R Sagithal al ang. 1Rl - coronal = fang...R1 =
anat.. i) hiong =] anat...hiFI = h = anat.. I -

< - 2 dpace@localhost:~ - She!l [ig PNG Image - 1280x800 P BU m@ Sii:::;
3 4 X 3D slicer Version 3.3 A AR
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7

3DSlicer

Note that the

model now

appears in the

MRML tree

Change the
name of the

model to

“tumourModel”

Create the tumour model

" _ 3D slicer Version 3.3 Alpha = X
File  Edit  View Window Help  Feedback
(] ]| vosse o LEIE - (2 8] (A =] @] & E 2 2 @B B CE ¢ F o
.
“i iDSlicer
¥ Help & Acknowledgement
* Display e Modify Scene
MFhL Tree X
Scene [
anatomicalMRI (vikMRMLScalarvolumeHMode1 )
anatomical_languagefMRI_registrationTransform (
languagefMRI (vikMRMLScalarVolumeHode2)
tumourModel (vtkMRMLModelNoded)
leng.. Rt lang...MRI lang... MBI =
anat...RI anat...RI anat.. Rl =

HRML hode In;

UHkhRN LModeloded
fumourhiode]

. Menipulate Slice Views

(=] & (A [

= Manipulate 30 View

p® o

p—3—L lE‘
e B [ @2

Gulling any old label map annofadions.

. — B 2 @ dpace@localhost:~ - Shell [ PNG Image - 1280x800 P - 22:06
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3DSlicer

Open the

Models

3D slicer Version

&l todules

File  Edit  Uiew Window Help  Feed

Wodules:

@ iDSlicer

Color
-0
Editor

oredientanisofropic Filter
niodels

OpeniGTLink

~ Help & Acknovledaement
ey s
. Displapie Modify Scene ROl
MFhL Tree Slices X
Scene Transforms . 1
anatomicalMRI (vikMRK “omsRndein
anatomical_languagefMR valmes n(
languagefMRI (vtkMRE 0 orters
tumourModel (VIKMRMLI o, iation
Diffusion Tensor
Ditsion weishted
Fifering
Weshing
Modsl Genaration lang. MR lang. MRl lang._men =
Regishaion anat.. R anat...MRI anat.. MR :
Seqmentaion o
ML Nods Inspector Stafefcs x
Tractography
ID: vtk RN LilodelModed
Hams: ‘hmaurttodsl

~  nanipulate Slice Uisws

(=] & (A [

“ manipulate 30 View

NnELY [EE=EEE

todels
2 dpace@localhost:~ - Shell [ PNG Image - 1280x800 P - 22:06
9 % G Q @ a Q }( 3D Slicer Version 3.3 A ﬂu hﬂ@ ZUSUUSITSZ?’US
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Change the model’s appearance

3DSlicer

" . 3D slicer Version 3.0

= b
: ;eIeCt the File  Edit  View Window Help  Feedback

Hodules: Hodels

tumour B e
model

Select Wodel or Hisrarchy: Madel maker todel1

# Hodel Maker Model1

visibiliy:
kbt R ModelHierarchyhlods2
fumouriodel
Clipping
Backface Culling
Opacite
B| setcalor.
Mideril Properties X leng. MRl lang.. MRl = lang... 1R =
Ambient: o anad...MRI anad...MRI = anat... kI =
Diffuse 100
= Manipulate Slice Uisws
. Manipulafe 30 View
o BEE®
P
s B = [=]
Vi [ 100
o
umaurtodel

Q

9 % G Q @ @ Q 5 <> ? i }(13|D slicer Version BI;I s ﬂu m@' Su‘-'zn::;’

2008-06-01
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3DSlicer

Change the model’s appearance

Setthe model's .. . = -8
opacity to 0.6 B e

Select Wodel or Hisrarchy:

fumouradel
.
Click on the box =
Scalar visibilite| | Set Active Scal o

sssssssssssssssss

next to “Set e .
Color” to change ,Q Sa
the colour of the 2

model to blue AEOLEEE

nanipulate 30 1

RP oo @E B
IR IEITDEERE - 5
¥ | 100

HeB=sas e

search modules

4
»

B <

3 4 X 3D slicer Version 3.0
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3DSlicer

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

Fle  Edit  View Mindow Help  Feedback

Hodules: Hodsls E lz‘ EI E stavch modles @ i +
@ iDSlicer i

Select Wodel or Hierarchy: tumour fdel

Visibility

Scalar visibilit || Sef Active Scalar:

Scalar Golor Hap Selech:

Pawer:
*  Manipulate Slice Views
EEODEE
“  nanipulate 30 View
e BEEE
R EIEID RN

¥ | 100
v

02:56

3] dpace@localhost:~ - S| 3 PNG Image - 1280x800 P!

9 % G Q @ @ Q <> ? i }(anlicerVer-s-i;nB.u ﬂu m@ 2050?3:?’01
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1. Loading and visualizing anatomical MRI data

1. Incorporating fMRI data using image registration
and thresholding

1. Creating a 3D model of the tumour volume

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

1. Incorporating brain fiber tractography from
diffusion weighted images

1. Annotating the preoperative plan and saving the
scene
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.

£ The SPL-PNL Brain Atlas

3DSlicer

http://www.na-mic.org/pages/Special:PubDB_View? dspacaei

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

from a healthy volunteer

Courtesy I. Talos, M.
Jakab, R. Kikinis and -80-
M. Shenton


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

& 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
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& Incorporating a brain atlas

 Components of the brain atlas used here:
— Anatomical MRI image
— Three 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
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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 MR, 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

3DSlicer

Select File ->
Import Scene

[« [v] (= [@] oo

4
»

Ambient:

sssssss

Note: Make - !
sure that you < 499
select “Import -~
Scene” and not ===

“Load Scene”, H@ooEEm

as “Load Scene” -i:.=f@s 5 =
will delete your -
work so far
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- Import the patient-atlas registration transform
scene

X 3D slicer Version 3.0 g%

File  Edit  View Window Help  Feedback

Select
“anatomical

|§| lﬂ Hodules: Hodels

@ 3iDSlicer

| SeTUONr.
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AEE @
‘

»

. . Select File
anbient:
MRI Reg istered e Y] T T
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1) Specular ) backup_July_17_2007 |y patient_dataset Wed May 28 1°
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. y ) Desktop |23 SPL_PHL_Brain_Atlas2008 Thu May 22 2°
Freview: 12 dwi-dicom anatomicalMRIRegisteredToAtlas.mnml 15 KB~ SunJun 11
" 1) patient_dataset intermediate.mrml 25 KB Mon May 26 2:
th e n CI I C k ] ) patient_dataset_Backup intermediateDTLmrmi 23KB  Wed May 26 11
|23 SPL_PHL_Brain_Atlas2008 partl mml 6KB Sat May 31 1
) Device-USB-0.21 partZ.mrml 8 KB Sat May 31 1!
11 L1} — =) findTargets partzb.mmml 10KB  SunJun 10
p e n oI =) Harvard part3.mmmi 13KB  SunJun 10
2 sae = IGSTK
=) IGSTK-huild Coronal lang... Rl =
ol Ta s = IGSTKSandhox anat. Fd <
(23 5wt wou ) 1GSTKSandboz-build

~  nanipulate Slice Uisws

(=] & (A [

“ manipulate 30 View
P |5
1 L
oA

Impart Scens.

< [6[=]

) IGTLoadable Modules
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—1 leaoPics

Filerame:  [anatomical MRI RegisteredTomizs mml

Files of bpe: |1

)

E } . - E 2 @ dpace@localhost:~ - She! & Desktop - Kongueror - Les=h
9 % @ Q @ Q ’i‘ Q X 3D slicer Version 3.0 X select File ﬂu ;\mg ZDSUUQSZYM
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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 —

Inspect the MRML scene

Fils  Edit  View Window Help  Fesdback

Wodules Dt E m = searchmodules
|

:9 3DSlicer ’

¥ Help # Acknowledgement

I’ir’

A Display i Modify Scene

x

MRNIL Tree

E‘T Scene 21
icalMRI (vikMRMLScalar 1)

anatomical_languagefMRI_registrationTransform (
languagefMRI (vtkMRMLScalarvolumeHNode2)
tumouriodel (vtkMRMLModelNoded)
MRI_atlas_registrationTransform (vitkl
r—atlasMRI (vtkMRMLScalarvVolumeHNode4)
|—optic_tract_L.vtk (vtkMRMLModelHode5)
|—optic_tract_R.vik (vikMRMLModelNode6 )
L—superior_temporal_gyrus_ant_L.vtk (vtkMRMLM adtas Rl aas Rl
MRI (vikMRML Scalar 3) anat.. MBI | anat.. B! ; st HRI

aflasmen

MERL bods Inspector x
[t ulkMRML HodelNaded
Hame: fumourtods!

& Hanipulete Slice Uisws
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o szt 30 View
P ;

L
3
|| B

@ [ — B 2 & dpace@localhost:~ - Shell [ PNG Image - 1280x800 P - 22:09
9 % G < ® < S s X 3D slicer version 3.3 A O =i e
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Inspect the MRML scene

3DSlicer

InSpeCt the atlas " . 3D slicer Version 3.3 Alpha . x
MRML scene - 6

Hodules: Dt E lz‘ EI E stavch modles @ i +

new nodes B e

— atlasMRI = anatomical =
MRI from the atlas % .
— optic_tract_L.vtk = O e, g, o
model of the left optic FamicaWi st gt
tract
— optic_tract R.vtk =

” ammicalMRI_atIas_registrationTransfonn (vikN
. . MR KL bode Inspector
model of the right optic = mwcaa.
Mame:

X

'—superior_temporal_gyrus_ant_L.vik {vtkMRMLM '@' Azl = afasr
anatomicalMRI {vikMRMLScalarvVolumeMode3) hone = anat.. R

]

—atlasMRI (vikMRMLScalarVolumeHode4)
fumourt el

|—optic_tract_L.vtk (vikMRMLModelNodes)
|—optic_tract_R.vik {vtkMRMLModelHode6)
tract —
— Superior_temporal = = EEDOEEE
gyrus_ant L.vtk = oo pEEE
model of the left ILEIRICIDEE -
anterior superior
temporal gyrus D20 88 80 Tc M St e I

2008-06-08

P8
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3DSlicer

Inspect the atlas
MRML scene - 6
new nodes

" _ 3D slicer Version 3.3 Alpha

File  Edit  View Window Help  Feedback

Wodules: Dt

9 iDSlicer

— anatomical MRI = copy : s

of the patient’s
anatomical MRI

— anatomicalMRI_atlas__
registration
Transformation = the
transformation
between the patient’s
anatomical MRI and
the atlas’s MR

. Displapie Modify Scene

MR Tree

anatomicalMRI (vikMRMLScalarvolumeHMode1 )
CH-anatomical_languagefMRI_registrationTransform (
languagefMB B salag/glumeNode?)
bl (vikMRMLModelNoded)
s -anatomicalMRI_atlas_registrationTransform (vikk
r—atlasMRI {vikMRMLScalarvolumeHMode4)
|—optic_tract_L.vtk (vikMRMLModelNodes)
|—optic_tract_R.vik (vtkMRMLModelHode6)
L—superior_temporal_gyrus_ant_L.vik (vikMRMLM
anatomicalMRI (vikMRMLScalarvolumeHMode3)

HRHL hlods Inspector
D, HkHIRN LMadelNoded
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~  nanipulate Slice Uisws

EEINEEER EE

“ manipulate 30 View
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E m E| E search modhles

X

Inspect the MRML scene
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Inspect the MRML scene

y

3DSlicer

" _ 3D slicer Version 3.3 Alpha —

Delete the - ooRe— g
duplicate B »wsiee |
anatomicalMRI ===

node by right-

clicking and
sellaeing SRR

“Delete Node” =S

~  nanipulate Slice Uisws

(=] & (A [

“ manipulate 30 View

e BEEE
4 B

MR Tree x

Scene
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anatomical_languagefMRI_registrationTransform (
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tumourModel (vtkMRMLModelNoded)
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3DSlicer

Inspect the patient-atlas registration

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

" _ 3D slicer Version 3.3 Alpha

File  Edit  View Window Help  Feedback
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¥ Help & Acknowledgement

. Displapie Modify Scene

MR Tree
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Scene
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Inspect the patient-atlas registration

* 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 n oo o o o e

podls o MEE 2] (@] (2] [®) (8] R (7] [€)] [7] [&] P i o
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¥ Help & Acknowledgement

“ Displayie Modify Scene

MR Tree
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= Y

anatomical_languagefMRI_registrationTransform (
languagefMRI (vikMRMLScalarVolumeHode2)
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—atlasMRI (vikMRMLScalarVolumeHode4)

|—optic_tract_L.vtk {vikMRMLModelNode5)
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the language —_—
fMRI data

. Menipulate Slice Views
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“  nanipulate 30 View
fL e EE B

Slice through the ~™"=®% = =&
Image volume to
get a good view

e
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3
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1. Loading and visualizing anatomical MRI data

1. Incorporating fMRI data using image registration
and thresholding

1. Creating a 3D model of the tumour volume

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

1. Incorporating brain fiber tractography
from diffusion weighted images

1. 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 L
\ 7=\
| Z=N

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

Courtesy S. Pujol
and R. Gollub -94-



¥ Diffusion Tensor Imaging (DTI)

> 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
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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 Place the tractography
DWI data seed points

« N

Create and inspect the
tensors using a
precomputed MRML

[ Perform tractography }

Registration using a
< SCENe 4 precomputed MRML
scene
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Load the DWI data

3DSlicer
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= e 8 ] 3 ) EE R (= (=)
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[E-] B [l [2] - der
- =
-
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3DSlicer

Load the DWI data

-

3D Slicer Ve ﬁiun 3.4
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CommandLine
Module

“ic
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Click on the
folder icon to
set the DICOM
directory
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- Load the DWI data

3D slicer Version 3.4

He Eit Vew Wniw Hep Feadhack

(B B e | cmonmer ~| [] [5] (%] [ [ B () () [ (@) [ () (00 ) W | 60 [

Click on the & =
DTI folder S
within the
patient

dataset, then oo (o] [l

¥k

Select Directory
<3 M 1=
B [ hiliu

() alex_golby_cases

B ) aug25_slicerworkshop
B 5 Heurosurgical Planning TutorialData

click “OK”
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L
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) include
=3 lib
| share
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3DSlicer

Set the
dwilmage to
“Create New
Diffusion
Weighted
Volume”

Click “Apply”

This step may
take a few
minutes. Wait
until Status says
“Completed”

Load the DWI data

=

3D slicel r Ve ﬁiun.:l 4

HEIE

He Eit Vew Wniw Hep Feadhack
Mofues | Coom Dl ecer
;3 SDSlicer
e

" Help &Ackrowedgement
“ Dicom DV Loader

Defait

= Meripate Sice Viess
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=
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3DSlicer

Select the .
Volumes Module | -ee

(2] Sslact Voluma
=
Imags Crigin From
=
“ L] ,’ sssssssssssssssss
Close “Display e
S i

“Info” tab.

tab and expand <:>2

/

s 2 [T oeomoms e voume = e :‘rv 1 e ot = oorcna ;A [ p—
. (]| st rot. b v otame [ 2 [ s roct. vk 2 =] 2 [ srworont o otme 2 =] [
. @[] = @[] @][=]=]
Select “Center
Volume” E = [ 0 E E E E = (=
[E=] ] il (2]
- =
(<] (=] (=] [=4]
OseTsas 8 - HE o =T T

-102-



3DSlicer

Note that the
volumes are not
correctly aligned.

Repeat the steps
from slide 41 to
align the
volumes using
manual
transform
followed by
affine registration
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3DSlicer

Turn the visibility
off 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”

Load the DWI data

" _ 3D slicer Version 3.3 Alpha

File  Edit  View

Wodules: Dt

.@ iDSlicer

¥ Help & Acknowledgement
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. Menipulate Slice Views
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-
3DSlicer

Open the
Volumes
module

Open the
Display pane

Set the active
volume to the
DTI volume

Inspect the DWI data

= Jr—
Al [ET— = [iE

[@][=]=]

@) 3:50PM
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3DSlicer

Note that the
Display pane
now allows you
to select the DWI
volume

Set the
background to
DTI

Click on the
Background
layer button

Click on the “fit
to window”
button

Inspect the DWI data

& & B =
Y @ & =] (D] o= =]
D

OseTaas S - HE

L. [@ o |« |[O..

o

@) 3:50PM
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Inspect the DWI data

3DSlicer

Scroll through

the 36 volumes

In the set:

-0to 4 are

baseline ,

images o g
-5to 35 are I\
diffusion mmmammma
weighted o .
. e BEEE
images

GseTacce Mo HE (e oo o Jor ]

@) s:s0Pm
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Inspect the DWI data

Note that the
Diffusion Editor
pane within the
volumes module
is activated when
diffusion
weighted images
are loaded

-
3DSlicer

Expand the
Diffusion Editor
pane and note

Imaga Dimsnsiond
“ Manipulaia Sica Viaws

=l &=
- Manipulata 30 Wiaw

(& [ [ [2] 1 =

the gradients -k 2
used to acquire @ GFewsseSc B Eililzrlm s —
the images
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3DSlicer
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Module
“Diffusion
Imaging ->
Diffusion Tensor
Estimation”
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-
3DSlicer

Set the three
“Output” fields to
“Create New
DiffusionTensor
Volume”

You would click
“Apply” to compute
the tensors, but will
upload a MRML
scene of
precomputed
tensors because
computing tensors
takes a while

EEIDOEEEEREE
(& [ [ [2] 1 =

. L
(.

mmmmmmmmmm

OseToce Mo & @ oo v o o] Q) ssemm
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Create the tensors

3DSlicer

Open the Data

module =
GE

Select File ->
Import Scene

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

L Traa
- Scene
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Create the tensors

3DSlicer

| 3D Slicer Version 3.4 [=I[a][x]
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Create the tensors

3DSlicer

" _ 3D slicer Version 3.3 Alpha = X
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Create the tensors

3DSlicer

" . 3D slicer Version 3.0 X

Open the Fle  Edit  View  Window  Help  Feedback g —1° |

BIE = [ o AEEE B L@ '91 doEzE Pt
Volumes

4
¥
@ 3DSlicer
>
I I IOd u I e ¥ Help i Acknowledgement

- Load

(2] select volume File
volume Mame: | Diffusion Editor_1._Tensor

Set the active -
volume to the
diffusion tensor “=—— 07— —1

sl st | o =} I Y =1 e 1 - e | cond A e |~
n Od e [— L one = |}%\ Diff..ode =] @.” one = |}% Diff..ode jone = ||%| Diff..ode =
windowLevel Ao — |2_ |n— I 1 I 3

fl

| — | ¥}

-

ctive Uolme: | DiffusionEditor_1_Tensoriode

\7

& anipulate Slice Views
ERDDEEE B —

The fractional =~ -=---
aplsotropy IS e
displayed by

default

i . - - 2 @ dpace@localhost:~ - © X 3D Slicer Version 3. [ PNG Image - 1280x&0 - 17:50
9 % @ Q @ Q "“‘i % 3 4 @ dpace@localhost:~ - WQ Sunday

@ Desktop - Kongueror 2008-06-01

-114-



View the tensors

3DSlicer

" . 3D slicer Version 3.0 = X
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3DSlicer

Scroll down and
turn the glyphs
on for all three
Views

Adjust the scale
factor and the
spacing

" . 3D slicer Version 3.0
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View the tensors

3DSlicer

" . 3D slicer Version 3.0 = X
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3DSlicer

" . 3D slicer Version 3.0
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3DSlicer

" . 3D slicer Version 3.0
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”
3DSlicer

& Place the tractography seed points

Open the
Fiducials
module

Create a new
Fiducial List

Craata Naw FiducialList
Fiducisl List FidugialLi @ FidusialList

[ 3D Slicer Version 3.4
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3DSlicer

Expand “Other
Display List
Properties.”

Set the glyph
type to
Sphere3D

Spacular.
Powar:

+ Add & Modity Individusl Fidugials
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3D Slicer Version 3.4
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3DSlicer

Place the tractography seed points

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

3DSlicer

Click to place
one fiducial
point in the
corpus
callosum

Set the mouse
mode to
“transform
view”

...........................
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3DSlicer

Open the
tractography
“Fiducial
Seeding”
module

Fils  Edic  Wiaw  Wind
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3DSlicer

— DTI volume =
Diffusion
Editor 1
TensorNode

— Fiducial list =
FiducialList2

— Output
FiberBundle
Node =
Create New
Fiber Bundle

Perform tractography (fiber tracking)

Salact DTI Wolums: | DitusionEditor_1 ._TansarModa

Salact FiduaialList or Modsl | nens

Ougut FibarBundlaboda:

~ Manipulata Slica Viaws
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3D Slicer Version 3.4
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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

“ Manipulaia Sica Viaws
]
- Manipulata 30 Wiaw
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- Perform tractography (fiber tracking)

3D Slicer Version 3.4

One tract is
generated for B o
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Perform tractography (fiber tracking)

3DSlicer

Open the o 3D Slicer Version 3.4 ==
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- Import the anatomical-DTI registration

‘V

** transform

3DSlicer

" . 3D slicer Version 3.0 = X

jow  Help  Feedback

jlucials E lz‘ EI E search modules @ P |§|

Select File ->
Import Scene

Close Scene Cirk
it
=D
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Tent Scale: +.5 Symbol Scale: 1
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3DSlicer

- Import the anatomical-DTI
* transform

registration

Select
“anatomical
MRI Registered
ToDTl.mrml”,
then click
“Open”

X 3D slicer Version 3.0

File  Edit  View Window Help  Feedback
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r‘\ 3DSlicer
= 4
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Inspect the MRML scene

3DSlicer

module

new nodes

— anatomicalMRI = copy

Open the Data

" . 3D slicer Version 3.0 = X

Fle  Edit  View Mindow Help  Feedback
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Inspect the MRML scene

3DSlicer

" . 3D slicer Version 3.0 = X

Delete the - = EOEEr - 2o
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- optic_tract_L.vtk (vtkMRMLModelNode5)
n O e rl - optic_tract_R.vik (vikMRMLModelMode6)
superior_temporal_gyrus_ant_L.vitk (vikMRMLM
—DTI {vikMRMLDiffusionWeightedvolumeNode1 )

: : | DiffusionEditor_1._Baselinebode (vikMRMLScalar
C IC I n a n | DiffusionEditor_1._ThresholdMask (vikMRMLScal:
| DiffusionEditor_1._TensorHode (vtkMRMLDiffusio

I t' Fiducial List 1
“Delete Node”

iDSlicer

= x
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Delete Mode
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“ manipulate 30 View
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N

b
3DSlicer

Delete the
duplicate
BaselineNode
node by right-
clicking and
selecting

“Delete Node”

3D Slicer Version 3.0

File  Edit  View Window Help  Feedback

] Hodules: D

¥ Help & Acknowledgement

. Displapie Modify Scene

MR Tree x

(—atlasMRI {vtkMRMLScalarVolumeHModed)
(—optic_tract_L.vtk (vikMRMLModelNodeS5)
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“ manipulate 30 View
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Delete Mode
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3DSlicer

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

" . 3D slicer Version 3.0 = X

File  Edit  View Window Help  Feedback

Wodules: Dt

@ iDSlicer
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“ Displayie Modify Scene
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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 MRI
Image volumes
are aligned

Inspect the anatomical MRI-DTI registration

" . 3D slicer Version 3.0 = X

File  Edit  View Window Help  Feedback

Hodules: Dt E lz‘ EI E stavch modles @ i +
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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 DTI
FA map and
patient
anatomical MRI
image volumes
are aligned

" . 3D slicer Version 3.3 Alpha

File

Edit Miew  window  Heb  Feedbark
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. Displap i Hodify 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

Wodules: Dt

Inspect the entire scene so far

File  Edit  View Window Help  Feedback

LEIE - (2 8] (A =] @] & E 2 2 @B B CE ¢ F o

.@ iDSlicer

¥ Help & Acknowledgement

“ Displayie Modify Scene

MR Tree
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3DSlicer

Slice through
the image
volume to get a
good view

" _ 3D slicer Version 3.3 Alpha

File  Edit  View Window Help  Feedback

Wodules: Dt

@ iDSlicer

¥ Help & Acknowledgement

. Displapie Modify Scene

MR Tree

B Scene

anatomicalMRI (vikMRMLScalarvolumeHMode1 )
anatomical_languagefMRI_registrationTransform (
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|—optic_tract_R.vik (vtkMRMLModelHode6)
L—superior_temporal_gyrus_ant_L.vik (vikMRMLM
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“ manipulate 30 View

< [6[=]

ARER DEHE

e = Y

=

Inspect the entire scene so far
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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

" _ 3D slicer Version 3.3 Alpha

File  Edit  View

Wodules: Dt

.@ iDSlicer

¥ Help & Acknowledgement

window  Help  Feedback

DEEEF
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Delete Mode
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3DSlicer

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

Inspect the entire scene so far

" _ 3D slicer Version 3.3 Alpha = X

File  Edit  View Window Help  Feedback

Wodules: Dt

@ iDSlicer
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¥ Help & Acknowledgement

. Displapie Modify Scene

MR Tree
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EHr-anatomical MRI_DTI_registrationTransform (vitkMF|

e = Y

HRHL hlods Inspector x

~  nanipulate Slice Uisws

E@EIEEER

“ manipulate 30 View
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1. Loading and visualizing anatomical MRI data

1. Incorporating fMRI data using image registration
and thresholding

1. Creating a 3D model of the tumour volume

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

1. Incorporating brain fiber tractography from
diffusion weighted images

1. Annotating the preoperative plan and
saving the scene
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& Plan annotation

* 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

* 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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Annotate the plan

3DSlicer

Open the
Fiducials A
module

¥ Help & Ackne

Display Creafe hlew Fiducial List

& FiducialList1

Fiducial List Select: Fiducial List
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Annotate the plan

3DSlicer

" . 3D slicer Version 3.0

File  Edit  View Window Help  Feedback

Set the glyph -~ e
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“ manipulate 30 View
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3DSlicer

Slice through the

sagittal plane
until it roughly
bisects the
tumour volume

Annotate the plan

" . 3D slicer Version 3.0 = X
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3DSlicer

Annotate the plan

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

" . 3D slicer Version 3.0
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Annotate the plan

3DSlicer

" . 3D slicer Version 3.0
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Annotate the plan

3DSlicer

" . 3D slicer Version 3.0 X
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3DSlicer

Annotate the plan

Double-click on " ===
the name Of the Emﬁﬂs;mhmom (2] @] [2] [&] 8] = P

fiducial and
change it to :
“entryPoint” o
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3DSlicer

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

Annotate the plan

" . 3D slicer Version 3.0
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3DSlicer

Double-click on
the name of the
fiducial and
change it to
“tumour
Access’

Annotate the plan

" . 3D slicer Version 3.0
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Distance measurements

3DSlicer

Scroll down,

File  Edit  View Window  Help  Feedback
Wodules: | Fiducials E EEI 5: mmmmmmmmm K 2
and note that _— :
. -
the distance (8o
uuuuuuuu || sut selected Color ]
eeeeeeeeeeeeeeeee
between the e o @ 5 v T
entryPoint =1 =1 -30.0... | 124.... |:

tWO fi d u Ci a I S iS wmournccess | @1 @1 | -300.. | 59z ||
shown

.........................................

= hanipul

Change the
mouse mode to  “EZTF

“transform A e T

O b}
view
DO B @a @ g M2 P e

-153-



3DSlicer

Slice through
the image
volume to get a
good view

Inspect the final scene

" . 3D slicer Version 3.0 = X
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3DSlicer

3D Slicer Version 3.0
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Inspect the final scene

3DSlicer

" . 3D slicer Version 3.0 X
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3DSlicer

Select File ->
Save

". 3D Slicer Versio. 3.0
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- Save the scene

3DSlicer

| 3D Slicer Version 3.4 [=I[a][x]
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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 MR 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

* Slicerd 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 1image 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...

3DSlicer

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:

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