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Material

This course requires the following installation:
» 3DSlicer version 3.4.1 Software, which can be installed from

* A reliable internet connection for downloading the data

Disclaimer

It is the responsibility of the user of 3DSlicer to comply with both the terms of the license
and with the applicable laws, reqgulations and rules.

The module described in this tutorial was tested on Axial 3D SPGR T1 post Gadolinium
scans (Voxel dimension: 0.94mm x 0.94mm x 1.20mm, FOV: 240mm, Matrix: 256 x 256)



http://www.slicer.org/pages/Special:SlicerDownloads

Data

This course is built upon two scans of a patient with
meningioma:

MR Scan 1 MR Scan 2




3DSlicer

Learning objective

Following this tutorial, you'll
be able to load two scans
into Slicer3, and measure
and visualize the change in
volume of the meningioma
between the two scans.
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& Overview

&} Loading tutorial data

' I Measuring volume change in tumors




Part 1: Loading
the tutorial data




Slicer3 GUI

The Graphical User &
Interface (GUI) of
Slicer3 integrates five :
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~  Panel
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@ 3DSlicer

/3D Slicer Version 3.4

Loading training dataset
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Modifying Layout of Viewer

- 3D Shicerversion S.STAIphE

File Edit View Window Help Feedback
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New Layout of Viewer
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Part 2: Measuring
Volume Change
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#= “3DSlicer

Workflow Wizard
The Workflow Wizard G} oase |
of Slicer3 guides the &
user through a —
sequence of steps and Step Panel
is defined by the
following components: User Panel

the Step Panel
*the User Panel

the Navigation Panel

Navigation Panel

“ Manipulate Slice Views
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“ Manipulate 3D View
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Select Scans
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& Identify Volume of Interest
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& Identify Volume of Interest
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Identify Volume of Interest
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Identify Volume of Interest

Adjust ROI by moving the ROI Widget Control sliders in the
Step panel, or by moving the ROI Widget handles in 3D view

= Wizard

2/4. Define Volume of Interest
Click left rouse button around the turmor or move sliders

- Define WOl
Hicle rencler Reset
“ ROl ‘Widget Controls: RAS Space
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|E| Irteractive Mode

ROI Widget Control sliders
are color-coded to match ROI
Widget handles in 3D Viewer

Press Next —
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Segment Tumor

-

File Edit View Window Help Feedback
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B 3DSlicer ’ Axial
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" Help

* Wizard

3/4. Identify Tumor in First Scan
Move slider to outline boundary of

Identify Tumor

Threshold: |199
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Change Segmentation
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3D Viewer shows
model of tumor with
2= additional structures
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Segment Tumor

File Edit View Window Help Feedback . Press Grid to VieW
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Segment Tumor
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the 3D Viewer
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&l| Modules: ChangeTracker

“ Wizard
3/4. Define Metric

We provide several metrics to
Select Growth Metric

Select fast =
and press
Analyze

-
File Edit View Window Help Feedba

Analyze Intensity Patterns (fast)
Analyze Deformation Map (slow)
Grid Slice < Back

(0 %

“ Choice of Metric:

+

=

=l e
EE

Detect change by analyzing
intensity pattern (fast)

* Measure change by analyzing
deformation map (slow)

Sagittal & TG_s...ent . Coronal I & TG_s...ent
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Choose Metric Type

&
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Analysis I: Volume Preserving Registration

' —

Before

Afterwards

Pohl K, Konukoglu E, Fedorov A
National Alliance for Medical Image Computing
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Scan 2 - Norm
———————

B B

Pohl K, Konukoglu E, Fedorov A
National Alliance for Medical Image Computing _03-
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¥

Compute statistics
of static tissue:

Subtract Scan2
from ScanT

(abs)
Ix

Define region of
static tissue

Determine probability
density function
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Analysis lll: Detect Change — Intensity Based

E “ IJ I]

©

D ) JM .
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n
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>

©

C

<
Mode : Sensitive
False Positive Risk: High
Growth (mm?3) : 1301
Growth (voxel): 1057

Konukoglu et al. ,“Monitoring Slowly Evolving Tumors”, ISBI, 2008
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Analysis Ill: Detect Change—Deformation Map

Dy O
nn

Mode : Segmentation|| Mode : Jaccobian
Growth (mm3) : 1386 Growth (mm?3) : 1291

N  Nsrowthrtvorelsy—tose—"
rowtn (voxels% §) :

Determine change ~ Compute diffeomorphic Compute or Apply mapping
via mapping: mapping between scans  Jacobian to segmentation

N\ N
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- 3slicer Show Change g, Pathology

Fle  Edit ‘Wew ‘Mndow Help  Feedback

todules: ChangeTracker — search modules @
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IZES
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Total Change:  407.027 mm® {330 Voxels)

Coronal Mone
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Define sensitivity of analysis

Results will be saved to directory:

| (£ jscratehiSlicer3andrey
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-» Show change in volume:

. purple = growth
-~ green = shrinkage

2007-spar.nird_VOI_Red_norm
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L

Show Change in Pathology

You can hide slice
controls to have
more screen
space for viewing
the images

Lightbox View shows 5

consecutive slices for thesw Sy ™

ROI in the first scan
(top), and in the second
scan (bottom)

You can switch to
layout or other layout at any
time.

=] Four-up
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Define Working Directory

Select T to
create directory

" Help = Python
|3 Python GAD ScriptedModule

“ Wizard
) QdecModule
Analysis £ Queryatlas

Analysis of Tumor Growth (=) ScriptedModule
| SlicerDaemon

Intensity Pattern Analysis ) Statistics
Sensitive m Moderate ~ Robust ) Tractography
Intensity Metric: 547.489 mm? (444 Voxels) > CMakeFiles
-Save (3 CommandLineApplication
. ) Deformable Metric
Screenshot' | Analysis Data = Simulation
Results will be saved to directory: = tel
" I5) Testing >
@/tmp/Slicer3pohl-TG N
P P 2 Testing-TG | TG_A.. lay s
) Testing-TGomd A
() Violume Rendering | TG_s...led i E
Grid Slice < Back | = Molimas 11 127.244

OK Cancel

~ Manipulfte Slice Views

Press directory button

{__ _ .
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Define Working Directory

File Edit View Window Help Feedback l

| |
@lﬂ’ Modules: | ChangeTracker — [ M [ |search modules (A &) [& @ ) @& [H @ £ @ , Ve
@ R e — I
4
=

- Enter alname for this new folder ——- E nter tutO rlal
Wiz Folder name: tutorial
! and press OK

Anal
An OK | Cancel |

rInte

Sensitive m Moderate ' Robust
Intensity Metric: 547.489 mm? (444 Voxels)

-Save

‘Screenshot] Analysis H Data \

N<id M 1>]
|3 Python
|) Python GAD ScriptedModule
[) Qdec Module
[) QueryAtlas
|5) ScriptedModule
|5) SlicerDaemon
[5) Statistics
[ Tractography
B ) TumorGrowth
|5) CMakeFiles
) CommandLineApplication
|5) Deformable Metric J

Results will be saved to directory:
|@/tmp/Slicer3pohl-TG|

Sagittal =

alrlaln

. Grd | slice  <Back | OK

Select tutorial
* Manipulate Slice and press OK

\IIIDIII
“ Manipulate 3D View

|5) Simulation

oy tel

I2) Testing

I3) Testing-TG

|5) Testing-TGemd
) tutorial
== VolumaRondaring #

OK ‘ ‘ Cancel




Press Screenshot

Sengtive m Moderate -~ Robust
Intenglly Metric: 547.489 mm? (444 Voxels)
Save
Screenshot' | Analysis Data
Results will be saved to directory:

[15] [6:17pm] [jogi ~/slicer3/Slicer3-build/Modules/TumorGrowth/tutorial] >[|

Save Screenshot
SDISTicer Version 2.3 AlpheT o o5 5

File Edit View Window Help Feedback = Terminal
B E  Modules: ChangeTracker File Edit Wiew Terminal Tabs Help

f\ [14] [6:17pm] [jogi ~/slicer3/Slicer3-build/Modules/TumorGrowth/tutorial] >1s -1

' ) spslicer a

- total 152

" Hel drwxr-xr-x 2 pohl pohl 4096 2008-06-11 18:16 ./

P
= drwxr-xr-x 11 pohl pohl 4896 2008-06-11 18:16 ../
Wizard -rw-r--r-- 1 pohl pohl 142998 2008-06-11 18:16 TG Screenshot 001.png

Screenshot is saved
to tutorial directory
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Press Analysis

sitive mModerate ' Robust

Intens
Save

Screenshot' | Analysis
Results will be saved to directory:

@/tmp/Slicer3pohl-TG

tric: 547.489 mm? (444 Voxels)

Data

2 °
3DSlicer aVE q’,]a/.ySIS F?ES[’/t
= - — - =izl
File Edit View Window Help Feedback Fle Edt View Terminal Tabs Help
Modules: ChandeTracker -rw-r--r-- 1 pohl pohl 301 2008-86-11 18:19 AnalysisOutcome.log
& & oclies e -rw-r--r-- 1 pohl pohl 20669 2008-06-11 18:19 Data.mrml
{D . -rw-r--r-- 1 pohl pohl 378 2008-86-11 18:19 TG Analysis IntensityDisplay.nhd
o r
-rw-r--r-- 1 pohl pohl 8462 2008-86-11 18:19 TG Analysis IntensityDisplay.raw
" Hel ‘9z
= .p -rw-r--r-- 1 pohl pohl 142998 2008-86-11 18:16 TG _Screenshot 8@1.png
Wizard [17] [6:19pm] [jogi ~/slicer3/Slicer3-build/Modules/TumorGrowth/tutorial] >
[17]1 [6:19pm] [jogi ~/slicer3/Slicer3-build/Modules/TumorGrowth/tutoriall >fj

Outcome of analysis is
saved to tutorial directory

Terminall

Grid Slice < Bac|

* Manipulate Slice Views
EEOEEHE
“ Manipulate 3D View

File Edit Wiew Terminal Tabs Help

Threshold: [140, 441]

Analysis based on Intensity Pattern
[19] [6:28pm] [jogl ~/slicer3/Slicer3-build/Modules/TumorGrowth/tutorial] =more AnalysisOutcome.log
This file was generated by vtkMrmTumorGrowthNode

Date: Wed Jun 11 18:19:17 EDT 2008

Scanl Ref: scanl.nhdr

Scan2_Ref: scan2.nhdr

ROI:
Min: 145 172 75
Max: 185 207 92
Threshold: [140, 441]
Analysis based on Intensity Pattern
Sensitivity: 8.6 -

Intensity Metric: 731.103mmé (594 Voxels)
[20] [6:28pm] [jogl ~/slicer3/Slicer3-build/Modules/TumorGrowth/tutorial] >|

L1

View AnalysisOutcome.log
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Save Intermediate Results

- SO i ik Al ElEES

File Edit View Window Help Feedback

= = = — Sl ' SAVE SCEnEand NS aved DErE) =)

@& & Modules: ChangeTracker AL . Save Scene x

:_ )

Q soslicer Scene File:| ca/homefpohlfslicer3/Slicer3-build/Modules/TumorGrowth/tutorial/Data.mrm

= = Save Scene
Help FEL

“ Wizard Save Data x

Data Directory:| ci/home/pohl/slicer3/Slicer3-build/Modules/TumorGrowthitutorialf

P reSS Data or Srowih Save All|| Save None

Analysis
Sensitive mMaiggate * Robust otetame [ Staws __[Save [Twe lme [l
Intensity Metric: 54 me (444 Voxels) scanl HotModified Yolume fhomespohlsslicerd/Slicer3-build/Modules/ TumorGrowth/tutoral/scan .nhdr
= E scan2 HotModified Yolume fhomespohlsslicerd/Slicer3-build/Modules/ TumorGrowth/tutorial/scanZ .nhdr
Save TG_scanl_... | Modified Yolume fhomespohlsslicerd/Slicer3-build/Modules/ TumorGrowth/tutorial/TG_scanl ...
Screenshot Analysis Data TG_scanl_... Modiﬁel:f Yolume .FhlJme.f'pl:lhIISI?cer3.’Slicer3fhu?Id.fModuIes!Tumoerwthﬂutor‘ialHG_scam
TG_scanZ_... | HotModified Yolume fhomespohlsslicerd/Slicer3-build/Modules/ TumorGrowth/tutorial/TG_scanZ...
Results will be saved to directory: TG_scan2_... | NotModified Volume omedpohlislicer3/Slicer3-build/Modules TumorGrowthitutorial/TG_scanz...
@ftm p/S| ice rgpoh I-TG TG_scanZ_... | Modified Yolume fhomefpohl/slicer3/Slicer3-build/Modules/ TumorGrowth/tutorial/TG_scanZ...
TG_scanZ_... | Modified Yolume fhomespohl/slicerd/Slicer3-build/Modules TumorGrowth/tutorial/TG_scanz... || |
TG_scanl_... | Modified Yolume fhomedpohl/slicer3/Slicer3-build/Modules TumorGrowth/tutorial/TG_scani ...
Grid Slice < Back OK TG_scanZ_... | Modified Yolume fhomedpohl/slicerd/Slicer3-huild/Modules TumorGrowth/iutorial/TG_scan2... 1
=] T
Save Cancel

* Manipulate Slice Views

- Press Save All and Save

“ Manipulate 3D View

o




B Finish Workflow

|- ph =1|fef| =1
File Edit View Window Help Feedback
@& & Modules: ChangeTracker [+][=] [@] |search modules = PAIE
@ 3oSlicer = Axial E TG_A.. lay E
None =] TG_s...led =
Help EEE = 28.703
“ Wizard
Analysis

Analysis of Tumor Growth
Intensity Pattern Analysis

Sensitive m Moderate ' Robust
Intensity Metric: 547.489 mm? (444 Voxels)
Save

Screenshot' | Analysis Data

Results will be saved to directory:

Press OK to return to the
irst step of the workflow

Grid Slice < Back OK FEE f
-

* Manipulate Slice Views
|
“ Manipulate 3D View

®




& Overview

« )} Loading a scene

' I Measuring volume change in tumors
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Information

* We tested the tool on Axial 3D SPGR T1 post

Gadolinium scans
(Voxel dimension: 0.94mm x 0.94mm x 1.20mm,
FOV: 240mm, Matrix: 256 x 256)

* We expect the tool to work also on set of scans
that fulfill the following requirements:

— same patient was scanned

— scans were acquired with the same
acquisition protocol

— scans have isotropic resolution
— pathology appearance is hyper-intense
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