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Learning objectives

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

— Image registration
— model making
— DTl tractography

using the example of
preoperative planning for
image guided
neurosurgery




‘& Material

-
3DSlicer

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

« Slicer3 software and building instructions:

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

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:
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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
and a platform for research

« The precompiled program and
the source code are both freely
downloadable
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& Image Guided Therapy (IGT) in Slicer3

Slicer3 has extensive support for IGT, including:
« Visualization =
« Registration

« Segmentation

« Model making

. Diffusion Tensor Imaging =
 Quantification

 Filtering

« Interfacing to imaging devices,
trackers and medical robots

Focus of
this tutorial

Courtesy R. Kikinis



& The goal of neurosurgical planning

3DSlicer

 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




% Clinical Case - brain tumour resection

Vo
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 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-
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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)

3DSlicer

L —

SPGR MRI Language bSP_L'P:‘IlL
(anatomical) fMRI rain atlas
Diffusion
Weighted
Images
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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

-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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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

e

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 _ \y
_o| [ s | oo [snstemicamt| o] ssgmai | Sa| _snstemicsist | _or| | Covenal | 5| anstericsiar |
o | [ o | TR T e e e o | [ Wanet | Fo| [ G

A s s

— Statistical techniques are used
determine which brain regions
are active during the task

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

Courtesy S. Puijol,
W. Plesniak and -24-
R. Gollub
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‘£ Functional MRI (fMRI)

« 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

3DSlicer
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Load the language fMRI data

3DSlicer

Click on the first
.ndr image in the
Analyze folder
within the
language FMRI
folder of the
patient dataset,
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3DSlicer

Set the
Volume Name
to
languagefMRI

Keep the
image origin
set to “From
File”

Click on
“Apply”

Load the language fMRI data

" . 3D slicer Version 3.0

it View  Window  Help  Fesdback

lE‘ Modues: | Uolmes E lz‘ EI E search modules @ i i
{;‘ 3DSlicer i

~  nanipulate i

lice Views
(=1 /i [ B

= Manipulate 30 View

RP “ | B [EEEEEE
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4 }( 3D slicer Version 3. % 3 2.png - KSnapshot [ NeurosurgicalPlannir 2008-05-31
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Set the
background
volume to
anatomicalMRlI

Click on the “fit
to window”

button

Click on

“Center 3D

View” button. DeDcls Pad o ME B o D
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Load the language fMRI data

3DSlicer

Set
anatomicalMRI

to background
and
languagefMRI
to foreground

Scale the
opacities to see
both the
foreground and
background
layers
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3DSlicer

» Load the language fMRI data

Note that the
image
volumes are
not aligned

" . 3D slicer Version 3.0

File  Edit  View  Window Help  Feedback

Wodules Velumes
“‘ 3DSlicer

=4

¥ Help & Acknowledgement
- Load
(2] select volume File
volime Name:  [lanauigenirl
image origire | prom File
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X 3D slicer Version 3.0
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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
Images
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3DSlicer

Open the
Transforms
module

" . 3D slicer Version Al ochlss . .

lal manual transformation

X
File  Edit View Window Hep  F Color
Data
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Image ORI | From File
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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

File  Edit  View  Window Help  Feedback
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Initial manual transformation

3DSlicer

Open the Data
module

Change the

name of the
transform to
“anatomical _
languagefMRI_ | s=-200

" . [E25] [E] ~sa contr ana e sotumae
registration B ——
Transform” LTI

e | [EHEE[R] e
L -, =]
d s | ][] (=] (=]

s Teces Mo Ee. oo v o] —
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Drag the
languagefMRI

node under the ¢

transform node

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

Eila Edit Wi
E
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3DSlicer

Open the
Transforms
module

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

Initial manual transformation

File  Edit  View Window Help  Fesdback
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3DSlicer

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

Initial manual transformation

" . 3D slicer Version 3.3 Alpha = b
File  Edit  View  Window Help  Fesdback
woaes | Tonsoms (4] [¢] =] [] frmmmonn N i §
“
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3DSlicer

3D Slicer Version 3.3 AlLEt

O pe n th e Fie  Edit  Uiew  Wndow  Help  Fee ;::V
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Automatic affine registration

3DSlicer

" . 3D slicer Version 3.3 Alpha = b

File  Edit L
lE‘ Wadules: Affine registration

Note that the Affine & ...
registration module -
supports multiple

sets of parameters
for repeated use.
To create a new
set, select “Create
new

. (= i [0 I R
CommandLineMod -

& Registrafion Parameters

I ” RP S o MIg2 lE‘ =
ulie R EIEICIORE I =
¥ 100
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3DSlicer

— Initial transform =
anatomical_language
fMRI_registration
Transform

— Output transform =
anatomical_language
fMRI_registration
Transform

— Fixed Image =
anatomicalMRlI

— Moving Image =
languagefMRI

— Output Volume =
Create New Volume

Click “Apply”

Automatic affine registration

" . 3D slicer Version 3.3 Alpha = b
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Automatic affine registration

3DSlicer

" . 3D slicer Version 3.3 Alpha = b

Set the P DT i T TR —
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and the e

background to
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3DSlicer

The transform
now sets the
moving image
(languagefMRI) in
alignment with the
fixed image
(anatomical MRI)

" . 3D slicer Version 3.3 Alpha

Automatic affine registration

~  nanipulate i
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Automatic affine registration

3DSlicer

" . 3D slicer Version 3.3 Alpha

x
File  Edit  View  Window Help  Feedback
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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

File  Edit  View  Window Help  Feedback
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3DSlicer

Set the
foreground to
anatomical MRI
and the
background to
Affine registration
Volumet

Click on the “fit to
window” button

Automatic affine registration

" . 3D slicer Version 3.3 Alpha

File  Edit  View  Window Help  Feedback
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3DSlicer

Scale the
opacities to see
that the images
are aligned

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

Automatic affine registration

" . 3D slicer Version 3.3 Alpha
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Vi

3DSlicer

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

" . 3D slicer Version 3.3 Alpha

File  Edit  View  Window Help  Feedback

lE‘ Wadules: Oafa.
‘2‘ 3DSlicer
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Threshold image intensity

3DSlicer

Open the Volumes

modu |e Fle  Edit Uiew  Window Help  Fesdback
EIE] e | e ] O] [ [ H@MEH@&E!EHEERiH

Set the foreground
to languagefMRl, ‘
and the background == ="
to anatomicalMRlI

nnnnnnnnnnnnnnnnnnnn

Click on the “fit to
window” button

Set the active LOTEED

volume to e pEms

languagefMRI Pl B 2

Expandthe Display @©Ge®css @ a @ oo M2 Souammon o Smcme s I
pane
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» Threshold image intensity

3DSlicer

" . 3D slicer Version 3.3 Alpha

File  Edit  View  Window Help  Feedback
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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
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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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e

3DSlicer

Click on the
Background
layer button to
show the
anatomical MRI

" . 3D slicer Version 3.0
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Place the seed point

3DSlicer
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3DSlicer

Create a
new
Fiducial
List
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» Place the seed point

Vo
3DSlicer

Expand
“Other
Display List
Properties.
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Place the seed point

3DSlicer

" . 3D slicer Version 3.0
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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 Mindow Help  Feedback
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3DSlicer

Set the mouse

mode to
“transform
view”

" . 3D slicer Version 3.0

File  Edit  View  Window Help  Feedback

lE‘ Hodules: Fidutials

@ 3DSlicer
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e

3DSlicer

The fiducial
can also be
seen in the 3D
Viewer

Place the seed point

" . 3D slicer Version 3.0 X

File  Edit  View  Window Help  Feedback

lE‘ Wadules: Fiducials
{;‘ 3DSlicer
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P

3DSlicer

Open the

“Segmentation

-> Simple
Region
Growing”
module

Eila  Edit  iew  Window

9 iDSlicer

~Halp & Acknowisdgamant

= Modity All Fiducial Lists & Thair

Fidugial List

- Segment the tumour volume
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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”

wwwwwwwwwwwwwwwwwww
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3DSlicer

Set the
background to
anatomicalMRlI

Click on the “fit to
window” button

The tumour is
segmented by
the label layer
called “Simple
Region growing
Volume1”
(shown in

purple)

Segment the tumour volume

- Cononal
a
: o
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3DSlicer

Open the
Model Maker
module

File  Edit  View  Window Help  Feedback

Wadules: Simple region arowing Al Hodules starth madles

4

color v
“‘ iDSlicer .
;,’ Editor

Fiducins
GradientanisotropicFitter
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3DSlicer

— Parameter set =
Create new
CommandLine
Module

— Input Volume =
Simple region
growing Volume1

— Models = Create
New
ModelHierarchy

— Model Name =
Tumour

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

Create the tumour model

ers
File  Edit  View  Window Help  Feedback
(B vows | e (] [7] (= [@] e N § i
“
3
‘2‘ 3DSlicer
= 4
¥ Help & Acknowledgement
-
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£ Create the tumour model

3DSlicer

" . 3D slicer Version 3.0

ew  Window  Help  Fesdback

. o - File  Edit b
C I |Ck Apply B s e [ B [@ [ & i d
{;‘ 3DSlicer i

=4

Generate All odels

This step may
take a few minutes:- ==~
to run - wait until
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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

File  Edit  View  Window Help  Feedback
9
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:@ 3DSlicer
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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
&

:@ 3DSlicer
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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 = b

File  Edit  View  Window Help  Feedback

Wordules Dt

:@ 3DSlicer
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3DSlicer

Open the
Models
module

3D Slicer Version 3.3 Alpha
All ttodiles
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Change the model’s appearance

3DSlicer

" . 3D slicer Version 3.0

= x
: ;eleCt the Bt Edit  Uiew Window Help  Fesdback
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3DSlicer

Change the model’s appearance

Set the model’s
opacity to 0.6 B e

Ll hiode| Display
Click on the box @ =
visibility
Sealar visibility| | SetActive Sealar:

next to “Set = L.

uuuuuuuu

Color” to s ‘ 4
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colour of the
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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

Wordules Wodsls E m E| search modhles @ ] i i

:@ 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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‘& The SPL-PNL Brain Atlas

3DSlicer

 Includes:
— Anatomical MRl
— Label maps
— >160 models

from a healthy volunteer

Courtesy I. Talos, M.
Jakab, R. Kikinis and -79-
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:
— Reqister 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

Note: Make
sure that you
select “Import
Scene” and not ===
‘Load Scene”, HanreEs

as “Load Scene” i:.iEa8 5|

will delete your - a I
69 = SYS] R X nvanzn
WOI’k SO far & e *
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- Import the patient-atlas registration transform
scene

X 3D slicer Version 3.0 g%
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3DSlicer

Open the Data
module

Set the
foreground to
atlasMRI and the
background to
anatomicalMRlI

Click on the “fit to
window” button

" _ 3D slicer Version 3.3 Alpha

Fils  Edit  View Window Help  Fesdback

@ 3DSlicer

¥ Help # Acknowledgement

A Displayi Modify Seene

x

MRRIL Tree

E‘T Scene 21
icalMRI (vikMRMLScalar 1)

anatomical_languagefMRI_registrationTransform (
languagefMRI (vtkMRMLScalarvolumeHNode2)
tumouriodel (vtkMRMLModelNoded)
icalMRI_atlas_registrationTransform (vikh,
r—atlasMRI (vtkMRMLScalarvolumeHNode4)
|—optic_tract_L.vtk (vtkMRMLModelHodes)
|—optic_tract_R.vik (vikMRMLModelNode6)
L—superior_temporal_gyrus_ant_L.vtk (vtkMRMLM
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Inspect the MRML scene

e

3DSlicer

InspeCt the atlas " 3D slicer Version 3.3 Alpha =2 5 LK
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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

Hodules: D

3DSlicer
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of the patient’s
anatomical MRl
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registration
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transformation
between the patient’s
anatomical MRI and
the atlas’s MR
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3DSlicer

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

" . 3D slicer Version 3.3 Alpha

File  Edit  View  Window Help  Feedback

Wordules Dt

¥ Help & Acknowledgement

“ Displayie Modify Scene

MR Tree x

Scene

anatomicalMRI (vikMRMLScalarvolumeHMode1 )
anatomical_languagefMRI_registrationTransform (
languagefMRI (vikMRMLScalarVolumeHode2)
tumourModel (vtkMRMLModelNoded)
-anatomicalMRI_atlas_registrationTransform (vikk
r—atlasMRI (vikMRMLScalarvolumeHNode4)
|—optic_tract_L.vtk (vikMRMLModelNodes)

Ga To Edifot..
Delete Mode

~  nanipulate Slice Uisws

= & [ EE

= Manipulate 30 View

.Pf LR [EE B e
4 @

Delete Mode

HeBGaass @

wl

B <

M@ R

B -

3

4

Inspect the MRML scene

aflasnipl

anat...RI

dpace@localhost:~ - She
X 3D slicer Version 3.3 A
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anat...hRI

[l PNG Image - 1280x800 P

affas e
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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 = b

File  Edit  View  Window Help  Feedback

Wordules Dt

@ 3DSlicer

[DIE e (2] (] [A) 5] (6] B

¥ Help & Acknowledgement

. Displapie Modify Scene

MR Tree

= Y

Scene
anatomicalMRI (vikMRMLScalarvolumeHMode1 )
anatomical_languagefMRI_registrationTransform (
languagefMRI (vikMRMLScalarVolumeHode2)
tumourModel (vtkMRMLModelNoded)
-anatomicalMRI_atlas_registrationTransform (vikk
r—atlasMRI (vikMRMLScalarvolumeHNode4)
|—optic_tract_L.vtk (vikMRMLModelNodes)
|—optic_tract_R.vik (vikMRMLModelHode6)
L—superior_temporal_gyrus_ant_L.vik (vikMRMLM

aflasnipl aflasnpl affas e

anat...RI anat...hRI anat.. Rl

HRHL blods Inspector
D,

Hame:

~  nanipulate Slice Uisws

= & [ EE

“ manipulate 30 View

“L oo @A B o e
ERLEEITOEE
¥ 100
[ i~ - 3] e _ =
~ B 2 @ dpace@localhost:~ - Shell [ PNG Image - 1280x800 P . 22:11
9 % G Q @ ® Q S| < pEE X 3D slicer Version 3.3 A O =% e
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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

" . 3D slicer Version 3.3 Alpha i
fo reg ro u n d to Bl Edit Uiew Window Help  Faedback |

o = NG BEA RO i3

languagefMRlI -

Help &
. * Display e Modify Scene
ickonthe ==
Scene
anatomicalMRI (vikMRMLScalarvolumeHMode1 )
FO re ro u n d anatomical_languagefMRI_registrationTransform (
languagefMRI (vikMRMLScalarVolumeHode2)

= Y

tumourModel (vtkMRMLModelNoded)
-anatomicalMRI_atlas_registrationTransform (vtkk

I aye r b utto n to |—atiasMRI (vikMRMLScalarVolumeHoded)
|—optic_tract_L.vtk (vikMRMLModelNode5)
|—optic_tract_R.vik (vtkMRMLModelNodeB)
S h OW th e L—superior_temporal_gyrus_ant_L.vitk (vtkMRMLM
MRHL Mode In:
language fMRI :
guag

data E@EDEEER

= Manipulate 30 View

o | o E@ (&
4L
LIS

Slice through the
Image volume to
get a good view

22:13
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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
WA
| 7=

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

Courtesy S. Puijol
and R. Gollub -93-



» 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)

« 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
A SCENe 4 precomputed MRML
scene
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3DSlicer

Load the DWI data

He Eit Mev Wndw Help Feecbeck

Modukes: Dioo D acer
m 3DSlicer

T Help &Acknowledgement
“ Dicom DV Loader

Defait
= Wenipuate SiceViess
= i [ ] #E E E E (= (w)
~ MeripuatesDivien
(] ] [ (2] -t
- =
-

[ ] [= =

Perareter set|

Stats Completed

DicomCirectory | (233 0T

aullmage

[S]

B ] (2] =) [$] Fd [ = (] = ¥ i (o

- -

Open the DICOM DWI Loader
module:

Modules -> Converters -> Dicom
DWI Loader

LAILAE B2
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3DSlicer

Load the DWI data

-

3D Slicer Ve ﬁiun 3.4

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

Create a new

" HepdAcknowedgement

MEEE

B ) (&) (&) @) [ [F] (=) 2 @) [ 0] & ¢ & [

CommandLine
Module

“ic

Defait

Click on the
folder icon to
set the DICOM
directory

= Meripate Sice Viess

EEmplElEEREE

“ Weriputale3DVien

ks -

ol
=
“lEE
I

“ Dicom DV Loader
Parameterset| r :
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Du:mDi

dhilmage

Aoty

28] '

Hil Mere cE s Mre cE| o
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¥ Load the DWI data

3DSlicer

Click on the
DTI folder
within the
patient
dataset, then
click “OK”

He Eit Vew Wniw Hep Feadhack

3D slicer Version 3.4

Q 3DSlicer
w

~ Help&ckmowedgament

B & e | oo | [ ] 7 @ oo B 0] (@ B @) @ ) (@) 2] @) [©] 2

¥k

“ Dicom DV Leeder

= Waripuate Sice\Viess

Er T =

Select Directory

38 M- 1=

B [ hiliu
() alex_golby_cases
B ) aug25_slicerworkshop
B 5 Heurosurgical Planning TutorialData
B I patient_dataset
3 3D_SPGR
M DTI
I3 FlesForPrecomputed MRMLScenes
I language_FMRI
(3 SPL_PHL_Brain_Atas20086
B ) Slicerd-3.4-2009-05-21-linux-x86_64
I hin
) include
=3 lib
| share
() Slicer3visualizationDataset
[C3) bioimagesuite
() braintab

(== b

x || cas |

|

L

AN
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Load the DWI data

3DSlicer

= 3D Slicer Viersion 3.4 ——
wl:m:;:w njnfl= TeEE e EEE R

Set the B oo :

dwilmage to s

“Create New e S—

Diffusion e o

Weighted

Volume” .

Click “Apply”

=1 = : Mo cE| o : Mg
SE e S e 2@ e
[S][=[[]

S e

This step may
take a few —
minutes. Wait SEN0EDNEEES
until Status says

“Completed”

24 -
ol
=
“lEE
I
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3DSlicer

Select the
Volumes Module

Close “Display” -
tab and expand —

“Info” tab.

Halp & Acknowladgamsant

‘ ~ e ’ 2
Image Spacing: 1 1 28
Imaga Oy _

Select “Center
Volume”

ipulats Slica

Maniputate

(5 e ) [ ) ]

| [EHEE 2o e
-

isom DWW | lca

OseToas 8 o

-, (=
(2] [=]

s
ey
[@l[=]-]
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P

» Load the DWI data

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

“~ Manipulats Slios Viaws
=]

Manipulats 30 Vi

Fr |EHEEE e
et s C=]
L B 3 O

="
[S]=]]

GseoToce Mo HE Ec oo o]
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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

Help Fesdback

T DEEEF PEEEEEOEDEEEE o

‘ii Slicer
* Help & Acknovledaement
lafe Modify

mmmmmmm

= VlkMRMLMDdeINDde4\
ranatomicalMRI,  Cuthode
—atlasMRI (vik 0o To Editor

onTransform (vikk
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|—optic_tract R Deleferiode ModelNode6)
uperior tempnral)qyrus ant_L.vtk (vtkMR

D e1)

. Manipulate Slice Views

@D

*  manipulate 30 Vie

P |5 o ar
; pEE =
I al e e

¥ <1nn
k4

Toggle visibility

e 8s

O B s

2008-06-08

dpace@localhost:~ - She!l [l PNG Image - 1280x800 P

X 3D slicer Version 3.3 A
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Inspect the DWI data

3DSlicer

Open the
Volumes
module

Open the
Display pane

< @

Set the active e =l

volume to the
DTI volume
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Inspect the DWI data

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

Set the
background to
DTI

3DSlicer

Click on the
Background
layer button )
I EEEE e
Click on the “fit = e
to window” G&eFToesB - HE(=c|eujrr |5 o] @) o
button
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Inspect the DWI data

3DSlicer

Scroll through
the 36 volumes
In the set:

-0to 4 are
baseline

w
P £ =
- j I -
I l I lag eS Thrsshcid: | o o =5 e 7~ i —— e~ = ) —— = = [0 coemo v — | =
i 1 =5 2B e Sl ey e | ppee— =l ey e — -
e =) [@][>][~] B [@][>]=] BT
0.1

-5 to 35 are
diffusion
weighted
Images

@) s:50PM
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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
~ Manipuiata Slioa Viaws

=l &=
~ Manipulata 30 Wiaw

(e [ [l (2] 1 =

the gradients T = =
used to acquire Geevses N - EEL s =JET=] —

the images
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3DSlicer

Select the
Module
“Diffusion
Imaging ->
Diffusion Tensor
Estimation”

= ——

Fils  Edic  Wiaw  Window Coler
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[, Editar

Fiduaials

[E]
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“‘ >Slicer £
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Create the tensors
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3D Slicer Version 3.4
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I
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Tasting [Tanscr Estimation & (yphs & Tracography Sasding)
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3DSlicer

Set the three
“Output” fields to
“Create New
DiffusionTensorV
olume”

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

< Manipuiata Slioa Viaws
=l &=
~ Manipulata 30 Wiaw

[ @] (2] =
S = =]
i 58

mmmmmmmmmm

Q@) 3:58PM
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BDSIicer

Open the Data

module -
€E

Select File ->
Import Scene

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

Create the tensors

“ Load 5 Add Seanas O Individus! Dawmsals

S
TP

[T —
(2] [E] a2 sotar s o vtumse
(5] (] e 20 e - i ircery

IEI - -I:I--- EE (=

Scene” will delete
your work so far

Impert Soana...

OseTacs Mo H (a.

[CX|E

Q@) a01pPm
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Create the tensors

3DSlicer

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

Select

Bl @l -~ =

“precomputed il

~ Halp & Acknowladgamant
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e

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

r— DiffusionEditor_1._BaselineNode (vikMRMLScalar
— DiffusionEditor_1._ThresholdMask (vtkMRMLScak

Create the tensors

" . 3D slicer Version 3.3 Alpha

File  Edit  View  Window Help  Feedback

E Wordules Dt

@ 3DSlicer

™ Help & Acknowledgement

“ Display modify Scene

mmmmmmm

Fammical_languagemnI_registrationTransfonn (

= x

languagefMRI (vikMRMLScalarVolumeHode2)
tumourModel (vtkMRMLModelNoded)
= icalMRI_atlas_registrationTransform (vikk
(—atlasMRI {vtkMRMLScalarVolumeHModed)
(—optic_tract_L.vtk (vikMRMLModelNodeS5)
(—optic_tract_R.vik (vtkMRMLModelMode6)
‘—superior_temporal gyrus_ant L.vik (vikMRMLM
Iffusioniveiy

__ DiffusionEditor_1._TensorMode (vtkMRMLDIiffusi
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~  nanipulate Slice Uisws
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= Manipulate 30 View
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X 3D slicer Version 3.3 A 2008-06-09
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Create the tensors

3DSlicer

3D Slicer Version 3.0 = X

Open the ‘e Edit  View  Window  Help  Feedback _— I

B8 - = EEEE - Ep{EY§iErEpEmE e
VOIumeS @ 3DSlicer :
-

l I lOd u I e ¥ Help & Acknowledgement
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(2 select volume Fils |
valume ame:  [Diffusion Editor_1_rensor
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View the tensors

Vo
3DSlicer

" . 3D slicer Version 3.0 = X
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3DSlicer

Scroll down and
turn the glyphs
on for all three
vViews

Adjust the scale
factor and the
spacing

" . 3D slicer Version 3.0

File  Edit  View Window Help  Feedback
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» View

the tensors

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

Line magnitude:
the magnitude of
the diffusion

Line colour:
fractional
anisotropy

[&] @ Wodules:

BDeBcsseailne ™

" . 3D slicer Version 3.0 = X
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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
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3DSlicer

- Place the tractography seed points

Open the
Fiducials
module

Create a new
Fiducial List

Craats Naw FiducialList
Fiducisl List FidugialLi @ FidusialList

Fils  Edic  Wiaw Window Halp  Faadback

&) Bl - i

1 ] = & s (]
!i) 3DSlicer i
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B= o
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3D Slicer Version 3.4
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3DSlicer

Expand “Other
Display List
Properties.”

Set the glyph
type to
Sphere3D

3D Slicer Version 3.4

& Edit  wiaw Window Help  Feadback
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3DSlicer

Set the mouse
mode to
“place items”

Fils  Edic  Wiaw Window Halp  Faadback
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3DSlicer

Click to place
one fiducial
point in the
corpus
callosum

Set the mouse
mode to
“transform
view”
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e
3DSlicer

- Perform tractography (fiber tracking)

Open the
tractography
“Fiducial
Seeding”
module

Fils  Edit  Viaw  Wind
&) Bl -
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P

3DSlicer

— DTl volume =
Diffusion
Editor 1
TensorNode

— Fiducial list =
FiducialList2

— Output
FiberBundle
Node =
Create New
Fiber Bundle

Perform tractography (fiber tracking)

- Man

El =

- M

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

3D Slicer Version 3.4

3 [3] o

@

Q@) a:27Pm
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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

Manipulata Stioa Wiaw:
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[ @] (2] =
e
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- Perform tractography (fiber tracking)

3D Slicer Version 3.4

One tract is XN —
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n 3D view to 3 T
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3DSlicer

Open the
Fiducials
module

Turn off the
visibility of the
fiducials

Perform tractography (fiber tracking)
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Import the anatomical-DTI registration
transform

3DSlicer

" . 3D slicer Version 3.0 = X
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~ Import the anatomical-DTI
* transform

3DSlicer

registration

X 3D slicer Version 3.0
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Inspect the MRML scene

e

3DSlicer

Open the Data
module

" . 3D slicer Version 3.0 = X

File  Edit  View Window Help  Feedback

Wodules: Dt E m =] E search modhles
|
v

Inspect the atlas ~ -sueus
MRML scene - 3 | o e
new nodes

superior_temporal_gyrus_ant_L.vitk (vikMRMLM
DTl (vikMRMLDiffusionWeightedvolumeNode1)
DiffusionEditor_1._BaselineNode (vikMRMLScalar

DiffusionEditor_1._ThresholdMask (vtkMRMLScak
DiffusionEditor_1._TensorHode (vtkMRMLDiffusiol
FducialLk kbl

— anatomicalMRI = copy T
of the patient’s e s oY ot
anatomical MRl 42

— BaselineNode = copy
of the patient’s DTI EEDOEEE
baseline node

_ anatomicalMRI_DTI_  * 1 s Cms & [
registrationTransform =
aligns the DTIimages g o g o 8 o 8 2 @ oo ME s> o us i
with the anatomical
image
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3DSlicer

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

Inspect the MRML scene

" . 3D slicer Version 3.0

File  Edit  View Window Help  Feedback

AEEEF 8 EE
‘

»
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=4

¥ Help & Acknowledgement

. Displapie Modify Scene
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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)
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B oo
R1_DTI_registrationTransform vtk
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GoTo Editor.
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“ manipulate 30 View

e BEEE
4 B

Delete Mode
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Inspect the MRML scene

Drag the three
diffusion editor = = - - _—

nodes, the : _

{b iDSlicer
fiducial list

=
used to seed ot s g 0
(—atlasMRI {vikMRMLScalarVolumeHModed)
|—optic_tract_L.vtk (vikMRMLModelNode5)
the
tractography
and the fiber
bU nd|e node [

. Menipulate Slice Views

under the EEDDEEE

= Manipulate 30 View

anatomicalMRI T oo GEE®

S e e -
_DTI_
registration Hedass o o B Koot o U o,
Transform

3DSlicer

= x

vikMRMLDiffusionWeightedvolumeNos
anatomicalMRI_DTI_registrationTransform (vtkMF
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DiffusionEditor_1._ThresholdMask {vtkMRMLSc:
DiffusionEditor_1._TensorMode {vtkMRMLDiffusi
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FiberBundleHodel (vtkMRMLFiberBundieMode

HEHL Rods Insp
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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
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=
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. Displapie Modify Scene

MR Tree

= x
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i (LR

“ manipulate 30 View
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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

Hle  Edit iew Mindow  Heb  Feedback

lﬂ lﬂ exles Dste

"@ 3DSlicer

¥ Help & Acknowledaement
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. Displap i Hodify Scene
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i

3DSlicer

Set the
foreground to
languagefMRI

Click on the
“visibility” button

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

Inspect the entire scene so far

" . 3D slicer Version 3.3 Alpha = b

File  Edit  View  Window Help  Feedback

Wordules Dt
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“ Displayie Modify Scene
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3DSlicer

Slice through
the image
volume to get a
good view

Inspect the entire scene so far

" . 3D slicer Version 3.3 Alpha b

File  Edit  View  Window Help  Feedback

Wordules Dt

3DSlicer

=4

¥ Help & Acknowledgement

“ Displayie Modify Scene

MR Tree

x
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3DSlicer

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

Inspect the entire scene so far

" . 3D slicer Version 3.3 Alpha

File  Edit  View  Window Help  Feedback
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3DSlicer

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

Inspect the entire scene so far

" . 3D slicer Version 3.3 Alpha = b

File  Edit  View  Window Help  Feedback

Wordules Dt

@ 3DSlicer

¥ Help & Acknowledgement

“ Displayie Modify Scene

MR Tree
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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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Open the
Fiducials
module

Create a new
Fiducial List

3D Slicer Version 3.0

File  Edit  View  Window Help  Feedback
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3DSlicer

Set the glyph

type to
Sphere3D

notate the plan

. 3D slicer Version 3.0 = X
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£ 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

Annotate the plan

" . 3D slicer Version 3.0
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~Annotate the plan

3DSlicer

" . 3D slicer Version 3.0
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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

" . 3D slicer Version 3.0 X
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3DSlicer

Double-click on
the name of the
fiducial and
change it to
“entryPoint”

£ Annotate the plan

" . 3D slicer Version 3.0
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P

3DSlicer

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

Annotate the plan
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P

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
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BDSIlcer

Slice through
the image
volume to get a
good view

Inspect the final scene

" . 3D slicer Version 3.0 = X

File  Edit  View  Window Help  Feedback

lE‘ Hodules: Fidutials

@ 3DSlicer

m Opacify. 1

SetColor || et Selected Color [

18 (&) (4] =] (6] B (7] (@] (] (8] [O][C]|[| & ¥ [of

(] [7] (= [@] frermeen

setalohTvoe | spherssn

NN
entryPoint E1 | -300..  124.... |:
tumourAccess . 1 1 | -300.. [ 59.2... ||
-
lang.. HE1 Sagithl ang. MR Coronal : lang...MRI -
anat.. Rl anat..RI Hone - anzt.. MRl =
1= 1 = Sl= >

Disfance: enfryPoint fo himoursccess = 65,6922 mm
st Firneiat| | pamena Fiduisl| | Damaie 1 Felurisls

~  nanipulate Slice Uisws

(= i [

= Manipulate 30 View

E EE =]

~ [ =

oo BEE
I al e e

¥ [ 100
&

’ e - B 2 & st:~ - Shell 8 PNG Image - 1280x800 - 23:09
OOz 89 08 D [S508 X0 sicorversions.o L

-153-



3DSlicer

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

3DSlicer

" . 3D slicer Version 3.0 = X
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3DSlicer

" . 3D slicer Versio. 3.0
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3DSlicer

-Save the scene

Click to set
output
directory for
all files

Enter Scene
Name under
Node Type
“Scene”

Click “Save
Selected”
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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 MRl — brain structure models
_ functional MRI from a registered atlas
— a model of the tumour  — fiber tractography

— annotated fiducial points
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‘& Conclusions

 Slicer3 has extensive support for Image Guided
Therapy

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

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

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

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

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

274 (1995).
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& For more information...

Model Making:

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

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

Diffusion Tensor Imaging:
« Areviewon DTI:

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

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

« A review on tractography:

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