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-
Builds on PREDICT-HD

* The NIH-funded project
“Neurobiological Predictors of
Huntington’'s Disease” (PREDICT-
HD) studies Huntington's disease
(HD), a neurodegenerative genetic
disorder that affects muscle
coordination, behavior, and cognitive
function, and causes severe
debilitating symptoms by middle age.
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TRACK-HD Stage 1 HD Subject

Baseline Scan




TRACK-HD Stage 1 HD Subject

Year 1 Scan




TRACK-HD Stage 1 HD Subject

BSI Overlay

®  Tissue loss
“  Tissue gain

Atrophy Rate: 1.9% Premanifest Rate: 0.7% Control Rate: 0.2%
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Specific Aims

» Perform individualized longitudinal shape
change quantification from multi-modal
data.

« Complete full brain Diffusion Tensor
Imaging tractography analysis.
* Deploy extensible tools for sharing source

data, derived data, algorithms and
methods to multi-site analysis teams.
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-
Sharing HD Data

http://www.na-mic.org/Wiki/index.php/2011_Summer_Project Week
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-
Sharing HD Data

http://www.na-mic.org/Wiki/index.php/2011_Summer_Project Week
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' Quality Assurance tools
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-
Quality Assurance tools




' Quality Assurance tools
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@ Quality Assurance tools
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DWIConvert

Replacement for
DicomToNrrdConverter
~4 months of effort

— Help from NAMIC Team

— Help from Scanner Manufactures
— Help from MR Physicist

Built on ITKv4

Depends on DCMTK
— Removed GDCM

—
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'
Improve DICOM conversion

How we improved conversion from DICOM

* Found differences in DICOM metadata for different data types in THP
data

« Expanded compatibility of program DicomToNrrdConverter to correctly
convert 42 varieties of DICOM data to NRRD file format

— Still some data could not be converted

« COMPLTELY REWROTE TO DWIConvert
— 2012 Revealed 2 new incantations of diffusion data from DICOM
— DW.IConvert is more modular and easier to incorporate new rules

— DWIConvert is built against ITKv4 and DCMTK allowing the reading of multiframe
data
 DCMTK support is not also part of ITKv4
— Public and private element tag metadata compatibility

— Devised a method to calculate missing diffusion gradient direction coordinates from
private data in some scanners

National Alliance for Medical Image Computing
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fV Improve DICOM conversion

Traveling Human Phantom (THP) Data Set

» Designed to overcome compatibility issues with multi-site data
* 5 healthy subjects
« Each subject imaged at 8 sites in 1 month
— 5 Siemens scanners, 3 Philips scanners
— 4 different scanner software versions
 T1-and T2-weighted images

* lefUSIOn-Welghted ImageS — T MultiCenter Reliability of Diffusion

— 30/32 direction scan Tensor Imaging
(4 repeats per Slte) Vincent A. Magnotta, Joy T. Matsul, Dawe
. . Uy, Harns ). Johnson, JeMrey D Lorg,
— 71 direction scan ) Bradiey O. Bolster, Jr,, Bryon A. Mueter
(2 repeats per site) Kelvin Lim, Susume Mori, Karl G. Helmer,

Jessica A, Tumer, Sarah Reading, Mark )

Lowe, Llzabeth Ayiward, Lawra A
Flashman, Greg Bonett, and Jane S

Pauisen
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'
Improve DICOM conversion

Incorrect Correct




'
Improve DICOM conversion

Many different locations (element tags) of
metadata important to DWI data analysis

Element tag

: B value

Gradient vector coordinates

' Mosaic size
| parameters

Measurement frame

' B matrix

' GE (Signa)
0043,1039 |
0019,1088B (z)

0019,108C (y)

| 0019,108D (z) '

0029,100E

0051,1008
0029,100A

| nn2n nnan

vaev Vuoeo

' 0019,100E

N

' 0029,1010

0029,100E

' 0051,100B

0051,100B

: 0020,0032

' Siemens (Trio Tim) | Siemens (Verio) Philips (Achieva)
0029,1010

12001,1003

2001,1004

| 0020,0032

Software revision used to
determine when estimation from

B matrix is needed

National Alliance for Medical Image Computing
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'
Improve DICOM conversion

Calculate missing (or incorrect) diffusion
gradient direction coordinates by using b
matrix coordinates in private element tag

Missing gradient direction coordinates

Jx g  Gx8y Oxbx
g=GnG£=(9y>|(9x 9y 9o)\=|9y9x 9% 99

9z 9:9x 929y 9%
|i|=bg

6 elements of symmetric matrix
given in private element tag

—> SVD ——> b-value for gradient

National Alliance for Medical Image Computing
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Improve DICOM conversion

”~ measured in anatomical
space

Ansomical (patient) space

Philips Siemens
Gracent vector in
_NRRD file: reported in
SCANNET SPICO
Transform (measwrement frame)
Scanner space f‘) i
,,-"’/ Moasured gradient vector:

Anatomical (patient) space

National Alliance for Medical Image Computing
http.//www.na-mic.org




fv Contribute to many NA-MIC

family tools

— ITKv4 Contributions

— Many contributions to Slicer to prepare for ITKv4 update,
add new modules, improve end-user experience, replace
legacy/broken modules with compliant functionality

— Wrap tools needed for processing in Slicer Execution
Model(SEM)

— Developed converter for SEM to nipype for automatic
wrapping

— Updated tools to ITKv4

— Updated tools to consistent “SuperBuild™ K

— Many, many contributions to the
“Advanced Normalization Toolkit
(ANTS)” (Wrap in nipype,
ITKv4 compiliant, SuperBuild,
Testing Suite)

National Alliance for Medical Image Computing

Background Aim 1: Preliminary Work Aim 1: Research Plan Aim 2: Preliminary Work Aim 2: Research Plan



f? Improving shared derived
data processing

« Convert brains2 internal tools auto workup
into fully NA-MIC compliant tool suite

— (DONE)Convert major applications to SEM
compliance (pecouple SEM from Slicer)

— (DONE)Use SimplelTK to replace brains2 basic
Image processing building blocks

— (In Progress)Transition Slicer to ITKv4
— (DONE)Define workflows in NiPype (thanks satra

Ghosh)

National Alliance for Medical Image Computing
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f Y NiPype: Large catalog of tools with a
uniform interface

| vlnterfacuensifonnPythonAPl ¢ BatCh proceSSing
ey e soe‘ — Distributed processing plugins
| [ | e — Reruns affect updated/edited node
| Idiosynchratic, Heterogeneous APIs CO n n eCtl O n S O N LY!
g |1 < Uniform node creation
@ @ — Stable and consistent API
& — Nipype’'s Function node allows easy
17% integration of CLI tools

e o Pipeline complexity

(6.g., ferable expansion)

; < — lterables, MapNodes
Execution Plugins

— Nested workflows
\ G )

National Alliance for Medical Image Computing mage source: Gorgolewski K et al., (2011) Nipype: a flexible,
. - ightweight and extensible neuroimaging data processing
http://www.na-mic.org lightweight and extensibl dat

framework in Python. Front. Neuroinform. 5:13.



Diagram of Longitudinal
Processing Pipeline
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I3 Improved Template Building

with ANTS

266 Subject
3T Scans
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/
Cost of Longitudinal Analysis
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A2 Brain Sub-Cortical Structures:
BRAINSCut (Longitudinal estimation)

= <&

New structure

* Hippocampus
On going

* Globus
 Accumbens
 And more...
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Longitudinal Shape
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CCAIl 2012

Joy Matsui & Regina Kim participated
in the DTI Challenge

Joy participated in poster session

National Alliance for Medical Image Com,
http.//www.na-mic.org

Derivation of fiber tracts representing the corticospinal tract using
anatomical landmarks

Joy Matsal'?, Eun Young Kim', Viscent Magaotta®', Hans Johmon'

' Uriverwity of lowe, Department of Paychvairy fows City, 1A USA
Oiveraty of Mawaii Jann A Burma Scheal of Medhcnw Mosciube, ML USA
" Uréwersity of lowa Depariment of Nadiclogy. lowe Cy A USA

matnd sumpoung-dom wncerd-ragrnofta  Aans-ohnaon Eucwa ey

Abstract

Nt rame Vm tenpmt e e e wABat bl b e o
g 1w e wn e 8 pamAsve W, Aae v sy
ey (mdor e wd Ay eogw, T elbew etk o e ey gty P
et wewd wpws e weivm wwiry e tismey b b fe ca agws
D T e S I i e B S
B e e I I R i e
P U Ny SO S G0Ny B TR S Dl Date lraaes e
D i T
Wy e e g T et b bepann Pe fwed N Oebemate W
Srateen m b war M b swds e opae by resemt bee vy weed wgers
R e I L T T
e puanan iraary Tmet wey W meww e e Seestamd by e
Ntvw Mo bv v g o gairey AW e,

Methods

1 Lwren br ol dava prvs owmimy

Paw T1 v T amgpind inages sevn sommeed by & devusin of e Ay
araed WUANAL Ad. Wy pamims [ e BRART A Nan g pumiee Lo
B Sy Tapan 1 vl aVRs em——— e ——r W 1
e e e e e i S S T
O e @ beae Yeal ST 8 et e er
L I e i ]
D et i AT T

T
Tes
d
— e —
Ll
—tn a—

D Begras of e v’ dovaban

Tow Wi wal i S vt WA Saaag iy ww wnd sy
D L T S e R e e B
o o P e g UG, wne praneetel geas. The mekie poes,
retver Fgen i)t pracmews 3o W Tapre B eere Aanaad Suw rose
By P st ey S Pa s - etRe e e bassd -
R e T R e et ]
B e S e R
Wirn e Pa e e A et Lat D sas snegl vhs
Vo B vt v WD BRAN W ate D aaany b B
It s et e Do s ] s @l ) g b i
el Vi BEASCH L (Y

B D vgr aaty and s War Wit sated b

VAN Ty weh eV W B PP ey W diee Tt & v W (T
€ 0 g Pl catratmd Po Vi e o Pt Ot o ahs et W )
W S A Pt ) Par efv o] P Bl St hgee Mot e
Vo M st wan mrcimmd 4e 8 e S Srme et wmapiel e
el B e o
Mt e Wit T Ve e etk S Se—in - ran e 8 vy e o
s e e L Y
ran b v @y 1A mw wve P T awe wa ket S by oy
B L o R T e .t A
e a0

& P Bt s

Sara b ereead ey sas B0a A e Tamsagtere & N iap ety Deees o
G e Va A BV G R ) VUM T e e e A
BT L R e B
e e e T
Froagh P o bngrt bt s Toparn 4

Rewwaged Cove |
Newsswgns Cove )

Fapern 1 Sagart B ol o Be W bty o sl seleuln s e
e T e I P
L e e L e e
LMD A oty (i v st Ll ol o Gty S
e Te A E gyt T e Tuh et e mee s by eepad L
e T o () ve ety P wn Dty wed el
R I R




fv Diffusion weighted imaging of prefrontal cortex in
prodromal Huntington’s disease
[Submitted Human Brain Mapping Oct 2012]
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Mean Diffusivity in the Right Lateral
Orbitofrontal Region by Group
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¢

Mean Diffusivity in the Left Rostral
Middle Frontal Region by Group
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¢

x 103

Radial Diffusivity
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Radial Diffusivity in the Right Pars
Opercularis Region by Group
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¢

Radial Diffusivity in the Right Lateral
Orbitofrontal Region by Group
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Radial Diffusivity in the Left Rostral
Middle Frontal Region by Group
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Radial Diffusivity in the Left Pars
Triangularis by Group

0-3

Radial Diffusivity x 1
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Radial Diffusivity in the Left Lateral
Orbitofrontal Region by Group
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Radial Diffusivity in the Left Pars
Opercularis by Group

Radial Diffusivity x 103
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Radial Diffusivity in the Right Pars
Triangularis by Group
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¢

Radial Diffusivity in the Right Pars
Orbitalis by Group
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f? Future

* Seminar Series Spring 2013
 BRAINSCamp 2013
« EHDN DWI Imaging Meeting (Sept 2013)

» Continue Integration of UNC/Utah/MGH in
processing tools as they mature

* Deploy on 1000’s of data sets

« Export QC Review Tools for closer Slicer
Integration

National Alliance for Medical Image Computing
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Thank You!

e Questions?
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