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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:

— Manual tumor segmentation
— Model making
— DTI tractography

using the example of
preoperative planning for
Image guided neurosurgery
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£ Material

3DSlicer

This course requires the installation of the Slicer3 version 3.6
(rev. June 10, 2010) and the training datasets accessible at
the following locations:

* Slicer3 version 3.6 software:

« Training datasets:

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

The learners are required to take the following tutorials for Slicer 3.6
as prerequisite to this tutorial.

These tutorials are available at:
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The goal of neurosurgical planning

3DSlicer

* Prior to surgery:

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

— Highlight structures of
Interest

— Determine the best
surgical approach



http://na-mic.org/
http://na-mic.org/
http://na-mic.org/

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
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3DSlicer
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- Load the anatomical MRI data

3DSlicer
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|_oad the anatomical MRI data

[l ol el

3DSlicer
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|_oad the anatomical MRI data

AAM

3DSlicer
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£ Images in the scene

3DSlicer

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

SPGR MRI Language fMRI
(SPGR)

(fMRI, and
fMRI_language)
Diffusion Weighted
Images (DWI, baseline

only)
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£ Functional MRI (fMRI)

3DSlicer

 fMRI:
- 1 Viewer N =10l x|

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

task .
_on] i | g | ansiomicaiaT o] ssoital_| 8g| snstomicsiar | _or| | corensl | 8o |snstomicsizr,

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

— This statistical pre-processing
has already been done using

SPM

Courtesy S. Pujol,
W. Plesniak and R.
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:

|dentify language fMRI
from patient dataset

Indentify language fMRI
registered to SPGR

Threshold registered language
fMRI to display regions with

high activation
(U )
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3DSlicer

1. Open the Volumes
module

2. Set the foreground
to fMRI and the
background to SPGR

3. Click on the fit to
window button

4. Change blending
ratio to appreciate
fMRI registered to
SPGR

£ fMRI

registration to SPGR
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i

& Threshold image intensity

3DSlicer
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2 Threshold image intensity

3DSlicer
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£ Model Making in Slicer3

3DSlicer

 Utility of model making in IGT:
— View the structure as a complete unit (instead of slice by
slice)

— Perform measurements, such as volume
measurements, that can be difficult to perform on the
Image volume itself
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Model Making in Slicer3

3DSlicer

 Steps involved in this section:

Neurosurgery Tutorial, N. Hata © 2010, ARR
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Display SPGR images

MmO

3DSlicer
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‘E:

3DSlicer
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Segment the tumour volume

[ —

3DSlicer
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£ Segment the tumour volume

3DSlicer vy
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£ Save Island

3DSlicer
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Create the tumour model

3DSlicer
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View the anatomical MRI, fMRI and tumour model

3DSlicer
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Diffusion Tensor Imaging (DTI)

3DSlicer

» Acquire diffusion weighted images (DW!1) and baseline images

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

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

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

3DSlicer

 Utility of Diffusion Tensor Imaging in IGT:

— Major tracts that run between functionally
Important regions of the brain must remain intact to
prevent adverse 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 seed
DTldata points

O N

Create and inspect the
tensors using a
precomputed MRML

N scene ) Registration using a
precomputed MRML scene

[ Perform tractography }
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3DSlicer
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Inspect the DTI data

1800 N\ 3D Slicer Version 3.6
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Visibility Red

Green”

Visibility Glag

Color § Scalar

FractionalAnisotropy

Scalar Color
Cpacity 1.0

Scalar Range Auto

Glyph Display Properties x
{| | aiyph Type Lines Sagittal None: None

.
| 16 126 126 41675

Spacing 5

Anisotropy are |- :
visualized as lines -

EmpnEnE

| = Manipulate 30 View

Output BT Volume! RAS: (9.5, 169.1, 349.1), Bg: Slice not shown,
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3DSlicer

Scroll down and turn the glyphs on for
all three views

-

%/ 3D Slicer Version 3.6.1

phs On Slices Display
Wisibility Red

Visibility Yellow

Visibility Green

FractionalAnizotrop:

Scalar Color Map Rainbow

Opacity 1.0

Soalar Range: Auto

Glyph Display Properties X

Lines

Scale Factor 3

Spacing

52t

- o SRRl SFGFRlzbal o
Diffusion Editar =

: [*]=] =] 156 [275
Adjust the scale
factor and the
spacing '

DTI RAS: (-31.5, 169.1, 385.0), Lb: Slice notshown , Fg: Slice not shown, Bg: Slice not shown,

MARI lanuzge Cononal MR IEnuags

Wk e

SPER-Izbal oml

E 123 [41578
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£ View the tensors

3DSlicer

AOOD %/ 3D Slicer Version 3.6.1

File Edit View Window Help Feedback

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

&) (@ [@] [ 1] [ (7] = (@] & ¥ - [

Line magnitude: the
magnitude of the
diffusion

RIS

' l & . -8 A :

o [ [O|F[] e [ O3]
Line colour: fractional
anisotropy

DTIRAS: (-31.5, 169.1, 385.0), Lb: Slice notshown , Fg: Slice notshown, Bg: Slice not shown,
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% View the tensors

3DSlicer

%/ 3D Slicer Version 3.6.1
File Edit “iew Window Help Feedback
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Change the Glyph .
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Opacity 1.0
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Spacing 4
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“ Manipulate Slice Views

L@

“ Manipulate 30 View

Lines
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View the tensors

aYelal %/ 3D Slicer Version 3.6.1

File Edit View Window Help Feedback

Change the Glyph
Type back to .

3DSlicer

sazchmoddas
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-
Lines
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Scalar Color Map Rainbow 2
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Opacity 1.0
Scalar Range: Auto
Glyph Dj: (5]
Glyp pe Lines
Scale Factor —
Spacing 4
Advanced -
=gt MARI languzge = Coronal PARI Iauzgs =
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Diffusion Editar - -
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“* Manipulate Slice Views

(=1 ) (3 I B

“ Manipulate 30 View

DTIRAS: (-31.5, 169.1, 385.0), Lb: Slice notshown , Fg: Slice notshown, Bg: Slice not shown,
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3DSlicer
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File Edit Wiew Window Help Feedback
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Fiducials
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FiducialList
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“ Manipulate Slice Views
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“ Manipulate 30 View
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o] el =]

DTI RAS: (-31.5, 169.1, 392.9), Lb: Slice notshown , Fg: Slice not shown, Bg: Slice not shown,

3
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3DSlicer

# X11 Applications Edit Window Help
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File Edit View Window Help Feedback
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Properties. -
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* Manipulate Slice Views
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* Manipulate 30 View
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Placing tractography seed points

0O %/ 3D Slicer Version 3.6.1

3DSlicer
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“ Manipulate Slice Views

= L E R

“* Manipulate 30 View

Gk

DTIRAS: (-31.5, 1691, 405.3), Lb: Slice notshown , Fg: Slice notshown, Bg: Slice notshown,
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£ Placing tractography seed points

3DSlicer

amm % 3D Slicer Version 3.6.1

File Edit Wiew Window Help Feedback
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Perform tractography (fiber tracking)

3DSlicer

® X11 Applications _Edit  Window Help
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“ Manipulate 30 View
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Perform tractography (fiber tracking)

NaYala) %/ 3D Slicer Version 3.6.1

3DSlicer

File Edit Wiew Window Help Feedback
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¥ Help & Acknowledgement
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opping Value L
Create New Fiber Bundle
Minimum Path Length (mm) 20 [ ] Stopping MOde - Fractional

Anisotropy

Fiducial 3eeding Step 3ize imm) 1.5

“ Manipulate Slice Views
A
* Manipulate 30 Yiew

5
L

P =
-
A

(B[]
7
Elf5i[ol
M
‘m
g

File


http://na-mic.org/
http://na-mic.org/
http://na-mic.org/
http://na-mic.org/
http://na-mic.org/
http://na-mic.org/

& perform tractography (fiber tracking)

3DSlicer

1. Open the
Volumes module

Turn the glyphs
off for all three
VIEWS

3. Click on the
visibility button
to turn off the
slice visibility

Nalalal

% 3D Slicer Version 3.6.1

File Edit WView Window Help Feedback
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Visibility Red
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Glyph Display Properties
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Perform tractography (fiber tracking)

3DSlicer

AMD — %/ 3D Slicer Version 3.6.1

File Edit Wiew Window Help Feedback
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* Wanipulate 30 View

Interactively SREEE:

i
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DTIRAS: (3.7, 3.9, 150.3), Bg LIK: (131, 173, 59), Lb: Out of Frame , Fa: Out of Frame, Bg: Out of Frame,
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«  Examine how neural fibers are running in or around
the tumor.

. Examine If the fiber infiltrate into the tumor.
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Segment the tumor volume

3DSlicer
X/ 3D Slicer Version 3.6
w Window Help Fesdback fann * 3D Slicer Version 3.6 1.0
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3DSlicer

Choose label value
66297

Choose Threshold
editor.

Put 1894 and 3977
In the entry box, or
move the slider till
you can see isolated
tumor lesion.

Hit Apply

& Segment the tumour volume

AAA X 3D Slicer Version 3.6.1

File Edit View Window Help Feedback

wars| e [«] ] 20 ] e EoREEENE I EE QEE & -
@ iDSlicer ’

7 Help & Acknowledgement

* Create & Select Label Maps

Master Valume: SPGR

Merge Volume: SPGR-label et

Per-Structure Volumes

* EdjtSelected |abel Map

Al@ s ;‘ nR rnge s oar ;‘v [y —
SFGR : sssssss : SFGR : SFGRIe : SFGR :
0 [6a7es E w0 [3679 |Z| 207 [60.024

“ Manipulate Slice Views

ERpEIBEEERRE

“ Manipulate 30 View

cp HEEER @
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e

SPGRRAS: (382, 169.1,238.1), Lb: Blice notshown , Fg: Slice notshown, Bg: Slice not shawn,



http://na-mic.org/
http://na-mic.org/
http://na-mic.org/
http://na-mic.org/
http://na-mic.org/
http://na-mic.org/

Save Island

AAA X 3D Slicer Version 3.6.1

3DSlicer

File Edit View Window Help Feedback
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* Create & Select Label Maps

Island option :

Merge Volume: SPGR-label et

Per-Structure Volumes v

* Edit Selected Label Map

iz 3]

Active Tool. Threshald
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tumor lesion = e e

Apply| | Use For Paint| | Cancel Check Points
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Confirm that Only “ Manipulate Slice Views
: EEN0ENEEEE
tumor IeSIOn * Manipulate 30 View =

remains painted X

SPGRRAS: (382, 169.1,238.1), Lb: Blice notshown , Fg: Slice notshown, Bg: Slice not shawn,
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Dilate the label map to Include neighboring pixels

3DSlicer
[alalal X 3D Slicer Version 3.6.1

File Edit View Window Help Feedback
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Choose Dilate

* Create & Select Label Maps
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Ierge Volume: SPGR-label et
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SPGR RAS: (-38.8, 169.1,332.4), Lb: Blice notshown , Fg: Slice notshown, Bg: Slice notshawn,
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3DSlicer

Use label map seeding effectively to visualize the fiber in
the proximity of the tumor.
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- Load label map

3DSlicer

3D Slicer Version 3.6

(@)

Add VOI u me Edit “iew Window Help Feedback
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Import Scene...
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< Add Volume...
Add Transform...
Save Cirl-3
Close Scene il
Exit -abdomen || CT-brain|| CT-lung
Wolume Window Level Presets:
WindowiLevel: Manual 134 100.4
T !
1
Threshaold: Manual 7.59 252
I |

Update Histogram Interactively
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* Manipulate Slice Views
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“ Manipulate 30 View

| Add Volume...
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- Load label map

3DSlicer

Select “ConsolidatedLabelmap4Seeding.nrrd”

w0 030 I Y N\ | OO et x
D etc S -D3_Store 7 Parse Directory Divide Subseries
|==) home Baseline.mmml 77 S
) Library ConsolidatedLabelMap4Seeding.nrrd 101
=) net csc-label.nrrd 73
I5) Metwork DTl.nhdr 1
|5) private DTlLraw.gz 15,672
|) shin DWI-baseline.nrrd 3,424
I System fMRLnrd 28,582
) tmp fMRI_language .nrrd 238

() User Guides And Information TMRI_language_label.nrrd 93

B ) Users SPGR.nrmd 32,464

3 .hata
B [ hata
) .cups
) -emacs.d
[ -fontconfig =l =
g :I:::Bntsu Description \.r'alue |S
() -Spotlight-¥100
=) -ssh
) -subversion
|0 -Temporaryltems
[ .Trash —
) -Trashes
) Xcode
B ) Desktop
) Case003
| casel§-20090723-liver

=

Turn on “Label Map” option
p p ’ .
] =] =
T [T T T s
Path: |{Usersfhata/Desktopitutorial-data/ConsolidatedLabelMapd Seeding.nrrd
“Volume Cptions X
Centered Ignore File Orientation Label Map Single File Name: |ConsolidatedLabelMap4s
Recentolumes: | Erowse to CWD Apply| | Cance!

4
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Label map seeding

Open Label map seeding Module

[ SN % 3D Slicer Version 3.6
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3DSlicer

Apply the following values:

/O Tab:
Input DTI Volume: DTI

Input Label Map:
ConsolidatedLabelMap4Seeding

Output Fiber bundle: Create New
FiberBundle

|
DTIRAS: (1.0, 1681, 142.1), By IJK: (128, 0, 56), Lb: Out of Frame:, Fg: Out of Frame, Bg: Out of Frame,

AnNn % 3D Slicer Version 3.6

File Edit VWiew Window Help Feedback
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Random Grid

Linear Measure Start Threshold 0.2 ¥
* Tractography Seeding Parameters

Minimum Length [10 ¥
Maximum Length (300 »
Stopping Mode [ LinsarMeasurs FractionalAnisatropy
Stopping Value 0.1 b
Stopping Track Curvature 0.5 »
Integration Step Lengthimm) [0.5 b

“ Label Definition

Seeding label 1|

Label value that defines seeding
region.

i
Consd.adp —1 |1

:
7 [

Default g

* Manipulate Slice Views

EEENENEEEE B

* Manipulate 30 View

. |EEBE ®
SeicECEEY n
I cjof=

Tractography Seeding Parameters Tab:

Stopping Mode: FractionalAnisotropy
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/'/‘.T, 1

-
Perform labelmap seeding by
using the Label value for:

e Tumor:1
 Cortical Spinal Cord : 2
* Language fMRI : 3

Control density of fibers by
changing seed spacing.

IDT\ RAS: (-1.0,188.1, 142.1), Bg 1JK: 1129, 0, §6), Lb: Out of Frame , Fg: Out of Frame, Bg: Out of Frame,

ANO % 3D Slicer Version 3.6

File Edit View Window Help Feedback
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Lingar Measure Start Threshold |0.2 M
“ Tractography Seeding Parameters
Minimum Length (10 M
Maximum Length |00 M

Stopping Mode (8] LinearMeasure FractionalAnisotropy

Stopping Value |01 M
Stopping Track Curvature (0.8 H
Integration Step Lengthimm) |0.5 M

* Label Definition

seeding label [1

Labelvalue that defines seeding
region.

L !
Consal..adng : I )

o 6

Default

“ Manipulate Slice Views
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* Manipulate 30 View

N
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B Tasks

3DSlicer

«  Examine the relationship between the tumor and the
fibers.

« Assess If the fiber infiltrates In to the tumor.

«  Assess which part of the tumor has to handled
carefully during the surgery due to its proximity to
the critical fiber running nearby.
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£ Overview

3DSlicer

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

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

In order to build a preoperative neurosurgical plan
Incorporating

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

— annotated fiducial points
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& Conclusions

3DSlicer

* Slicer3 has extensive support for Image Guided
Therapy

* Slicer3 is free open-source software that allows IGT
researchers to share algorithms and work within a
common framework
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