- : : R
Tools for Processing Medical Images

By
Kilian Maria Pohl

- _/

Case
Background Brain LAC 25t
Air Skin GM FOR A,

“ BARE RS
RTH GM* LTH ;;:1

RAMY RHIP RMTG RPOS$ RTEM LAMY LHIP LMTG LPOS LTEM

!/ﬂ?/ \’\ ‘%"'7 ALY

RANT RITG RPAR RSTG LANT LITG LPAR LSTG

S -,

pohl@csail.mit.edu e http://www.csail.mit.edu/~pohl




[ Overview |

Motivation
Software for Processing
Automatic Segmen
Measuring Tun

Conclu



Neuroscience Studies




~ Multiple Sclerosis Lesion
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Finding Differences
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~ Manual vs. Automatic

4 .
Manual Segmentation:
- Very expensive

9 High risks related to observer reliability

" Automatic segmentation:
- Relatively cheap

\- Quality is often lower than manual segmentations
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[ Goal |

Develop tools for processing medical images:
- fast and flexible

- requiring minimal amount of training €
- Include prior information
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[ What is 3D Slicer? |

ﬂ\platf.orm for exploring
novel image analysis
and visualization
techniques

* A freely-downloadable
code and executables
available for Windows,
Linux,and Mac OS X

Image provided by S. Pieper

« Slicer is a research platform:
—NOT FDA approved
—NOT finished (work in progress)

Kilian M. Pc



[ 3D Slicer ]

-/vvww.slicer.org

e Over 500k lines of —

. Ex =y
« 32 active developer -

 Tutorial:
Google: slicer 101 = . . @

Image provided by A. Golby, F. Talos, P. Black

Kilian



|

Slicer Features ]

/ Visualization

A

Kilian M. Po

Filtering

Registration
Segmentation

DTI

Quantification
Real-time Integration




e Automatic
extraction of
anatomically
meaningful fiber
bundles

e Advanced
Rendering
methods for
segmentation
results using
photon mapping

Rendering provided by Banks, Data by Odonnell, Shenton, Westin, et al.

Kilian



 Image Guided Therapy (IGT) |

ﬂctive visualization of
medical images to aid in
decision making.

 Allows physician to

— See Beyond the
Surface

— Define Targets

— Control the
Interventions

Dimaio SP, Archip N, Hata N, Talos IF, Warfield SK,
* Enables neW proced u reS’ Majumdar A, Mcdannold N, Hynynen K, Morrison PR, Wells
WM 3rd, Kacher DF, Ellis RE, Golby AJ, Black PM, Jolesz
decre ases InvaSIVeneSS1 FA, Kikinis R.: Image-guided neurosurgery at Brigham and
Women's Hospital.IEEE Eng Med Biol Mag. 2006 Sep-
optimizes resection Oct25(5)67.13 ’ ST
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[ U lowa Meshing Project ]
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. Many More Examples |
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- NA-MIC Kit Components |

/End User Application

—3D Slicer

* Image Analysis, Visualization, and 30Slicer
GUI libraries C

®
—ITK, VTK, KWWidgets 8
* Large Scale Data Processing Tools |
—Batchmake,_ BIRN GRID tools a CMake
« Software Engineering Tools

—CMake, Dart, CTest, CPack @

http://www.na-mic.org/Wiki/index.php/Softwarelnventory BIE{\I > A

—~/
| Kwwidgets

A

------
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[ Tissue Classification |

/Software:\

-EM
Wells 96

-EMS
Van Leemput 99

-SPM
Ashburner 03

-MN|
Zijdenbos 02

-FSL
Zhang 01

Kilian M. Pohl Slicer 3




[ Cortical + Subcortical Parcellation ]

éoftware: D

-ANIMAL
Collins 99

-EM-MF-LP
Pohl 02

-Freesurfer
Fischl 02

-BrainSuite
Thompson 04

-FANTASM
Tosun 04

Kilian M. Pohl Slicer 3




[ Mission |

Atlas

Kilian M. Pohl

Motivation



Find Tissue:

Find Cranlal Cavity: BG ICC

IMAGE

/\

/1N

CSF GM WM



[ Design of Algorithm
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IMAGE

/N

BG




[ Level 1 |

Prior Information

Kilian M. Pohl



[ Level 2 |
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IMAGE

/N

Find Cranlal Cavity: BG ICC

/1N

Find Tissue: CSF GM WM

Find Substructures: Cortex




' Segmentation of 31 Structures |
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Software in 3D Slicer

File  Ecit Mew Window Hely  Feedback

B &l wointos: | eseamen ][] [2] (7] [E] e monies [2) [] [) () (@)

@ 3DSlicer
7 BETA

“ Wzard A

8/8. Run Segmentation
Moply EM algorithm to segment target image

Save X
{ Save After Segmentation | [ gave Tormplate Fe ‘
Working Directory x

Save Intermeciate Fesults 1 | =y Gelect Working Direstory

Generate Surface Model:

Cutput Valume x;

FinalSegmentation —

Output Walume:
=l

ROl X+

1
‘ M Gk [256 [256 [124 gt [T
s %
‘ Multi-threacing Enablect w ‘
[Ccpmek [ mesto |[ A ][ cancel [[ hep |||
7
~ Manipulate Slice Views Fina..ion I SPGR 1 Fita.ion

EEEDEE Eg @ |
~ Manipulate 30 View

- OoEE-E
PRRCER OEE N ¢ |
vow [T (190762 TR =wives [i00

EMSegment

¥

(Download: www.slicer.org
Tutorial: http://wiki.na-mic.org/Wiki/index.php/Slicer:Workshops:User Training 101

S. Bouix et al. On evaluating brain tissue classifiers without a ground truth,
\Neurolmage, Volume 36, Issue 4, pp 1207-1224, 2007

Kilian M. Pohl



EM Segment Workflow

)

3

Specify Target Images Atlas Images
Inputs
courtesy of Brad Davis




. EM Segment Workflow |

7 )
Default

s et mages | s mages
arget Images Atlas Im
Inputs g g as Images
\_
Pre-

~
Target Image Target-to-target Atlas-to-target
Processing Normalization Registration Registration
\_

courtesy of Brad Davis

Kilian M. Pohl



. EM Segment Workflow |

1 )

s _
arget Images

Inputs g g Atlas Images

\_

(

Dgzult Target Image Target-to-target Atlas-to-target
Processing Normalization Registration Registration
N

-~

Segmentation

N

courtesy of Brad Davis

Kilian M. Pohl



. EM Segment Workflow |

1 )

by | Atlas Images |
arget Images Atlas Im

Inputs J J as 1mages

\_

~
Dgizult Target Image Target-to-target Atlas-to-target
Processing Normalization Registration Registration
\
/

Review Slicer3 Slice Slicer3 Model External
Results Views Maker Program
courtesy of Brad Davis




[ Dissemination ]

* Integration into Slicer 3 Kitwar
http://wiki.na-mic.org/Wiki/index. php/SI|cer3 EM

» Grid Computing =

e Tutorial

http://wiki.na-mic.org/Wiki/index.php/
Slicer:Workshops:User_Training_10

NA-MIC
National A
http://né

I

Kilian M. P



 Morphometry Study TMI ‘07

@ion Schizophrenic Aftective Control

Q0P8 P QRO OOS RRRREOIY
Qo2009pb 00000008 Q0000

Cegtd888 Q8800895 990988
T et g et (e8¢0

RN pRas Rk bell RRRARAA
T et rah RO00REE RRBLEaSE
bh ol bh COULAILA LBDAY4SE
S @@PEdyy CPabbhad PL64L4H5H

rAM-HI




Lesion Detection

Center for | £
Meurclogical
Imaging




~ Non-Human Primates |

L d
VIRGINIA TECH \ WAKE FOREST UNIVERSITY

Sehaol of Biomedical Engineering and Sciences

Measuring Alcc
Structural anc

Kilian M. P



 CT Hand Bone Segmentation |

|
THE UNIVERSITY OF lowA E | !

Developing patient-
specific kinematic models

y -(. s sed
courtesy of Austin Ramme
and Vince Magnotta

Kilian M. Pohl Slicer 3



[ Segmentation of Microscopy Images ]

UNIVERSITY Syt

Kilian M. Pohl

Detecting patte

Slicer 3
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Publications |

Kilian M. Pohl

Pohl et al. A hierarchical algorithm for MR brain image parcellation.
IEEE Transactions on Medical Imaging, 26(9), pp 1201-1212, 2007.

Nakamura et al. Neocortical gray matter volume in first episode
schizophrenia and first episode affective psychosis: a cross-sec
and longitudinal MRI study. Biological Psychiatry, 2007. In Pr

Koo et al. Smaller neocortical gray matter and larger
volumes in neuroleptic-naive females with schizotyp
disorder. Archives of General Psychiatry, 63, pp. :

ZOllei et al. The Impact of Atlas Formation |
Brain Segmentation, MICCAI 2007

Pohl et al. Anatomical Guided Sec

Tissue Class Distributions in an
Framework, In Proc. ISBI'20C

Papers are accessib



~ Alternative Prior Model

Simultaneous Registration
and Segmentation

Pohl et al. A Bayesian Model for Joint Segmentation and
Registration. Neurolmage, 31(1), pp. 228-239, 2006

Shape Based Segmentation

Pohl et al., “Using the Logarithm of Odds to Define
a Vector Space on Probabilistic Atlases”, Medical
Image Analysis, 2007 MedIA —MICCCAI Best Paper
Prize 2006

Pohl et al. Active mean fields: Solving the mea
approximation in the level set framework.IP
of LNCS, pp. 26-37, 2007.

Kilian M. Pohl
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[ Meningioma Patient |

1st Scan

Monitor evolution of meningioma through
periodic MR scanning of patient

Kilian M. Pohl Tumor Tracking



[ The Problem |

1st Scan

[ Has this tumor changed? Bigger? Smaller?

Tumor Tracking

Kilian M. Pohl



'Accuracy of Manual Inspection |

real MRI 1% (10mm3) 5% (48mm3) 22% (195mm3)

Kilian M. Pc Tumor Tracking



[ RECIST |

Infer change from largest diameter
K D, >>D,or D; << D,

Kilian M. Pohl Tumor Tracking



 Manually Determine Volume |

Infer Change from Largest Volume
K V;>V,orV, <<V,

Kilian M. Pohl Tumor Tracking



~Intra-Rater Reliability

Scan 1 Scan 2

First Second
883.8 mm? 545.8 mm?

Tumor Tracking

Kilian M. Po



" Inconsistency Between Scans |

 Changes in Head Position
K o Artifacts through Image Acquisition

Kilian M. Pohl Tumor Tracking




[ Mission |

o

e semi-automatic quantitative
measures derived from MRI

e compatibility with clinical
requirements

Kilian M. Pohl Tumor Tracking




[ Workflow

The implementation is based on a workflow appi

Step 1: Select scans
Step 2: Define tumor region
Step 3: Segment tumor

Step 4: Chose tumor metri

Automatic change de
completed in less



Stepl: Select Scans

File Edit View Windg
@ E Madules

ri\ 3DSlicer

g seTA

i [l

Control Window

~ Help
= Wizard
1/4. Define Scans

Select first and second scan of pagig

Select Scan
1.5can | a008-spgr

2.5can | 2007-spgr

/ -

Navigation Panel

* Manipulate Slice Views

El i @O EEE

* Manipulate 3D View

* 0 @
Do B [ 2] B e,

»iaf100

Window

Kilian M. Pohl

Tumor Tracking



~ Step 2: Define ROl'in Scan 1

File Edit Yiew Window Help Feedback

& [B]  odues
r‘\ 30
4
'''''
* Wiza
214, Dn
Defi
efin
Hide ROl ||  Reset
aaaaaaa
185
—
207
i
i
< Back MNext =

Simple mouse
click around

the tumor
defines region
\_ A~

Kilian M. Pohl
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. Step 3: Zoom into ROl |

[ Grid shows original voxel size

= Manipulate 3D View “'l\ 3 -
4 .
oo pEE- A S
RN E‘ 2 ;i . a=
»ihe|100
Tumor Tracking

Kilian M. Pohl



Step 3: Outline Tumor

Eile Edit Miew Windaw Help Feedback

@ E[ Modules ‘ TumarGrawth =1 | m E search madules @ [5] ’[ 3 @

@ 3DSlicer
4 sETA

” Help
= Wizard
3i4. |dentify Tumor in First Sean
Maove slider to outline baundary of tumor
Identify Tumor

Threshold [203 441
L

= Back Next =

(

\_

State of the art semi-
automatic segmenter is
calibrated by slider

= Manipulate Slice Views

ENEDEEE e g

* Manipulate 3D View

nfL e EEE @
ﬁ%&a o gy

Tumor Tracking
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Step 3: Outline Tumor

Eile Edit Miew Windaw Help Feedback

@ E[ Modules ‘ TumarGrawth =1 | m E search madules @ [5] ’[ 3 @

@ 3DSlicer
4 sETA

” Help
= Wizard
3i4. |dentify Tumor in First Sean
Maove slider to outline baundary of tumor
Identify Tumor

Threshold [140 441
1

)

Move slider until tumor
IS correctly identified

* Manipulate Slice Views

ENEDEEE e g

* Manipulate 3D View

nfL e EEE @
ﬁ%:@ e KRy

Tumor Tracking
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.~ Step 4: Select Metric

FEEEEENENE BEE -

'''''

/Choice of Metric:
» Detect growth by analyzing
Intensity pattern (fast)
 Measure growth by analyzing
\ deformation map (slow)

1

= Manipulate 30 View

N = [ - i
e | E @ ]

Kilian M. Pohl
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[ Step 5: Analysis - Registration ]

Before

Volume Preserving Registration

Tumor Tracking

Kilian M



[Step 5: Analysis — Normalize Intensities]

[2, 440.989] x [0, 1] [6,508.999] x

5 487.999]x [0, 1]

Tumor Tracking

Kilian M. Pc




Statistical Model of Dormant Tissue ]

DV

PDF of Dormant Tissue

Tumor Tracking

Kilian



[ Step 5: Analysis — Adjust Sensitivity ]

[

©

I

o Ju -

. -

\_

B2

n

>

@

C

<

Mode : Aggressive
Growth (mm3) : 2239

Growth (voxel): 1819

Kilian | Tumor Tracking



[ Analyze Deformation Map ]

Compute deformation field using
diffeomorphic demons

He /e,

Jaccobian

Mode : Segmentation || Mode :
Growth (mm3) : 764 Growth (mm?) : 887
\_Growth (voxels): 619 Growth (voxels): 718

Kilian M. Pohl Tumor Tracking



[ Step 5: Analysis — Adjust Sensitivity ]

File Edit Miew Window

Help Feedback |

EDE S E i

sssssssssssss @ @ [& @ @ Fd [

'''''

Analysis

SSSSS

€ Growth is shown in blue
e Qutcome depends on

Sensitivity

e Small sensitivity may
Include noise in growth

\_

Kilian M. Pohl

Tumor Tracking



r

Imaging

Developed a protocol that 1s compatible with
work and can be used for image analysis
— Axial 3D SPGR T1 post Gadolinium
— Voxel dimension: 0.94mm x 0.94mr
— FOV: 240mm Matrix: 256 x 2
— Scan time: 8 mins on 1.5

\_

IRB approval was not rec



~ Synthetic Experiment

real MRI 1% 5% 22%

22%¢

===Trye

— SEGMENT
= JACOBIAN e ’
16%[ | === |NTENSITY ,i

estimated growth
=

4]
=

—
-
|
[

true growth

Tumor Tracking

Kilian M. Pohl



|

Test Database

Our training data base consists of
* 8 subjects scanned twice
» 1 subject scanned three times

Case| EXPERT [INTENSITY| JACOBIAN | SEGMENT
% | mm3| % | mm? % | mm?3 % | mm?

| 4.8 596| 9.7 1202 3.6 447 3.5 433

2 54| 883| 4.2 677 8.16| 1325 9.14| 1483

3 —0.4 =2.5( 0.7 3.9 —1.1| —-6.3| —2.3] —13

4 —7.3| =743 2.9 299 16.2| 1660 20.1| 2063

5 (=233 —-T77[17.1 57 38.1| 127 36.7| 122

6 —6.31 —=323[0.26] 13.3[ —-11.8] —608]| —13.7[ —706

7 0.1] 6.33] 2.7 174] —0.9] —b8 0.8 53

8a 5.3 71| 0.4 5.7 5.1 69 5.0 68
8b | —1.9] —25( 0.1 1.3 1.5 20 1.4 18
9 38.9( 1165(25.1] 751 29.7| 887 25.6| 764

Kilian M. Pohl

Tumor Tracking




[ Test Database |

Our training data base consists of
* 8 subjects scanned twice
» 1 subject scanned three times

Comparison of Expert and Automatic Results
T T T T T

40, T T

$ @ expert
—intensity
B jacobian

’ segment
A%
N L 4
& u
= v} &
z (]
3 =t —= & v
® @

sssss

Kilian M. Pohl
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Our training data base consists of
* 8 subjects scanned twice
e 1 subject scanned three ti

Comparison of Expert and Automatic Results Comparison of Expert and Automatic Results

“»




~ Dissemination (In Progress)

* Tool will be accessible via www.slicer.org

» Konukoglu et al. ,“Monitoring Slowly Evolving Tur
ISBI 08

« Pohl et al. , “Automatic Tumor Growth Dete
Meningiomas A Comprehensive Text, I

e Online-Tutorial
www.na-mic.org/Wiki/index.php/Slicer:

* Hands-on training
http://www.themeningic

Meningiomas and
Cerebral Venous Sys

\

: -ill.l.wmwmwul.'.'ul |I." W A

-

Tumor Tracking ;

5[

Kilian M



[ Overview

Motivation
Software for Processing
Automatic Segmen

Measuring T



[ Summary |

* Publicly available software targeted towards
medical imaging

« Automatic segmenter adoptable towards wide
of imaging problems

* Oncology tool for tracking tumor gro

Discussion & Conclusion

Kilian M. Po




[ Thank You |

MIT CSAIL

Surgical Planning Lab
BWH

-’ me‘ f?
Psychiatry
Neur0|ma(11|_|ng Lab
BW

Kiliar Discussion & Conclusion




