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Driving Biological Problem ¢
Huntington’s Disease TR lowa




.
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.

National Alliance for Medical Image Computing
http://www.na-mic.org
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TRACK-HD Stage 1 HD Subject
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24-month voxel-compression mapping

Control
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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.

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



.
Sharing HD Data

http://www.na-mic.org/Wiki/index.php/2011_Summer_Project Week
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ui 'ﬂ m % f Home New v Upload ~ Administer v Tools ~
48 Projects, 1920 Subjects, and 4556 Imaging Sessions.
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— - Search
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— . Projects

-"l- Recent
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fv Improve Data Processing
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f Y NiPype: Large catalog of tools with a
uniform interface

/7
Interfaces

- Batch processing
ot ] — Distributed processing plugins

Interface

SPM
Interface

I I 1
\ | I |

FreeSurfer
Interface

) [k | e — Reruns affect updated/edited node
Idiosynchratic, Heterogeneous APIs CO n n eCtl O n S O N LY!
[ e 1+ Uniform node creation
@ — Stable and consistent API
> &) — Nipype’s Function node allows easy
integration of CLI tools
s

mzmz) Pipeline complexity
— lterables, MapNodes

— Nested workflows
\ @/

-
A

/Execution Plugins

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.



f? Diagram of Longitudinal
Processing Pipeline

R e Y

__ - - -\
U R R - Lo coonur v

~as e



laa Improved Template Building

with ANTS
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266 Subject
3T Scan
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A2 Brain Sub-Cortical Structures:
BRAINSCut (Longitudinal estimation)
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New structure £
- Hippocampus = = & o
On going p.
* Globus

« Accumbens
 And more...
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f‘? HD: Joint 4D modeling of subcortical
structures from longitudinal MRI

0.0 years
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f Personalized Shape Trajectory
¥ Modeling across Subjects

Caudate Volume
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Caudate volume for 32 subjects (3 time pts) extracted after shape regression.
Observed volumes are shown as circles, which highlight the noise in segmentation.
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' Quality Assurance tools

» Help & Acknowledgement

DWI Component

Lookup Table

olate

, 0 O

Gradient directions: 2422 _18690_DWI-31_S.nrrd

0

-0.51 -0.83

0.51 0.83
= B 0.17 0.89
- -0.73 -0.54
-0.94 -0.26
-0.51 -0.05
¥ InogeiQp .73 -0.51 -0.44
" .40 -0.17 -0.89
I /R Bad Foll
nage/regton sl .73 -0.17 -0.65
NI .65 -0.73 0.20
.32 -0.94 0.10
Artifacts -n 51 0 79
Susceptibility
Frontal Temporal Parietal Occipital Cerebellum
Croppin
Frontal Temporal Parietal Occipital Cerebellum
Dropout/Vibration
Frontal Temporal Parietal Occipital Cerebellum

Check here if the image is interlaced:

Interlace
Missing Data

Enter a comma-seperated list of DWI Components:

Enter a comment: (optional)

Get next DWI

v Data Probe




' Quality Assurance tools

RECORD_ID SERIAL (NN)
_ANALYSIS TEXT (NN}
_PROJECT TEXT (NN)
_SUBJECT TEXT (NN)
_SESSION TEXT (NN)
LOCATION TEXT (NN)
STATUS CHAR(1)
PRIORITY INT (NN)

o REVIEW_ID SERIAL (NN)

& RECORD_ID INT (NN)

& REVIEWER_ID INT (NN)
ACCUMBEN_RICHT INT (NN)
ACCUMBEN_LEFT INT (NN)
CAUDATE_RIGHT INT (NN)
CAUDATE_LEFT INT (NN)
GLOBUS_RIGHT INT (NN)
CLOBUS_LEFT INT (NN)
HIPPOCAMPUS_RIGHT INT (NN)
HIPPOCAMPUS_LEFT INT (NN)
PUTAMEN_RIGHT INT (NN)
PUTAMEN_LEFT INT (NN)
THALAMUS_RICHT INT (NN)
THALAMUS_LEFT INT (NN)
REVIEW_TIME TIMESTAMP
T1_AVERACE INT (NN)
LABELS_TISSUE INT (NN)
T2_AVERAGE INT (NN}
NOTES TEXT

RECORD_ID SERIAL {NN)
_LOCATION TEXT (NN}
_PROJECT TEXT (NN)
_SUBJECT TEXT (NN}
_SESSION TEXT (NN)
_ANALYSIS TEXT (NN}
_FILE TEXT {NN)
STATUS CHAR(1)
PRIORITY INT (NN)

MDS TEXT (U)

X

REVIEW_ID SERIAL (NN)
RECORD_ID INT (NN)
REVIEWER_ID INT (NN)
QUESTION_ONE BOOLEAN (NN)
QUESTION_TWO BOOLEAN (NN)
QUESTION_THREE BOOLEAN (NN)
QUESTION_FOUR BOOLEAN (NN)

REVIEWER_ID SERIAL (NN)

FIRST_NAME VARCHAR(30) (NN)
LAST_NAME VARCHAR({30} (NN}
LOGIN VARCHAR(10} (NN}

RECORD_ID SERIAL (NN)
_ANALYSIS TEXT (NN)
_PROJECT TEXT (NN)
_SUBJECT TEXT (NN}
_SESSION TEXT (NN)
LOCATION TEXT (NN)
STATUS CHAR(1)
PRIORITY INT (NN)

REVIEW_ID SERIAL (NN)

RECORD_ID INT (NN)

& REVIEWER_ID INT (NN)
DWI_IMAGE INT {NN)
SUSCEPTIBILITY_FRONTAL BOOLEAN (NN)
SUSCEPTIBILITY_TEMPORAL BOOLEAN (NN)
SUSCEPTIBILITY_PARIETAL BOOLEAN (NN)
SUSCEPTIBILITY_OCCIPITAL BOOLEAN (NN}
SUSCEPTIBILITY_CEREBELLUM BOOLEAN (NN}
CROP_FRONTAL BOOLEAN (NN)
CROP_TEMPORAL BOOLEAN (NN)
CROP_PARIETAL BOOLEAN (NN}
CROP_OCCIPITAL BOOLEAN (NN)
CROP_CEREBELLUM BOOLEAN (NN)
DROPOUT_FRONTAL BOOLEAN (NN}
DROPOUT_TEMPORAL BOOLEAN {NN)
DROPOUT_PARIETAL BOOLEAN (NN)
DROPOUT_OCCIPITAL BOOLEAN (NN)
DROPOUT_CEREBELLUM BOOLEAN (NN)
IS_INTERLACED BOOLEAN (NN)
MISSINGDATA TEXT
FOLLOWUPNOTES TEXT
MISCCOMMENTS TEXT
REVIEW_TIME TIMESTAMP

o RECORD_ID INT (NN)

National Alliance for Medical Image Computing
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' Data Reports
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session_label
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Tractography

» |tis clear that a more comprehensive
approach is needed that could easily be
extended as new questions arose. (i.e.
support more exploration than direct a-
priori interrogation)

« Van Camp 2012 Showed that loss of
neurons can be measured by estimating

free water along tracks
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' What is best tractography?

Quantitative evaluation of 10 tractography algorithms on a realistic diffusion
MR phantom

Pierre Fillard *"*, Maxime Descoteaux €, Alvina Goh 2 , Sylvain Gouttard €, Ben Jeunssen James Malcolm &,
Alonso Ramirez- Manzanares h Marco Relsert Ken Sakale Fatima Tensaoutl , Ting Yo',

m

Jean-Francois Mangin °, Cyril Poupon

* Parietal Research Team, INRIA Saclay Tle-de-France, Neurospin, France

® Laboratory of Computer-Assisted Neuro-Imaging, CEA Saclay, Neurospin, France
© MOIVRE Center, Computer Science Department, Université de Sherbrooke, Canada
4 Department of Mathematics, National University of Singapore, Singapore

¢ Scientific Computing and Imaging Institute, University of Utah, USA

" IBBT-VisionLab, Department of Physics, University of Antwerp, Belgium

& Psychiatry Neuroimaging Laboratory, Brigham and Womens Hospital, Harvard Medical School, USA
" Mathematics Department, University of Guanajuato, Mexico

' Department of Radiology, Medical Physics, University Hospital Freiburg, Germany
? Imaging Institute, The Cleveland Clinic, Cleveland, USA

 National Institute for Medical Research, INSERM, U825, France

! Max Planck Institute for Human Cognitive and Brain Sciences, Germany

™ Imaging and Spectroscopy Laboratory, CEA Saclay, Neurospin, France

[ mam g r e wman s

5 2-DT 9rre1mllne tracrography with filtered 3x3x3, The diffusion model estimation is guided (Malcolm et al., 3D Slicer James Malcolm
N estimation of propagation direction b=1500 by the previous propagation direction 2009; Malcolm
using unscented Kalman filtering. et al., 2010)

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



Jaa From Publication
To Clinical Application

Filtered multi-tensor tractography

James G. Malcolm, Martha E. Shenton, and Yogesh Rathi
Psychiatry Neuroimaging Laboratory, Brigham and Womens Hospital, Harvard Medical School

(a) Single-tensor streamline

* We Choose the
Unscented Kahlman
Filter algorithm
“UKFTractography”
* Improved speed
and integration with
Slicer

Computing

(11) - Ground truth



A8 How to select tracts of

—_Interest?

 WMQL — White Matter Query
Language

Table 1: Association Tract Definitions in WMQL: Cingulum bundle (CG); Extreme Capsule

(EmC); and the fascicules: Superior Longitudinal (SLF) sections I to I1I; Arcuate (AF); Inferior ’ f
occipito frontal (IOFF); Middle Longitudinal (MdLF); Uncinate (UF) Anatomical Terms '
CB.side = only((cingular.side or cingular_cortex.side) and (middle_frontal.side or cuneus.side . 3 .
or entorhinal.side orsuperior.frontal.side or inferior_parietalside or fusiform.side or 3) only(posteentral) g pocea) sl
medial_orbitofrontal.side or lateral_orbitofrontal.side or parahippocampal.side or not in endpoints_in(posteentral)

precuneus.side or lingual.side or centrum_semiovale.side))

EmC.side = (endpoints_in(inferior_frontal.side or middle frontal.side)
andendpoints_in(inferior_parietal lobule.side) andtemporal.side and insula.side)not in
hemisphere.opposite

SLF _Lside = (superior_parietal.side and precuneus.side and superior_frontal.side)
or(superior.parietal.side and precuneus.side and superior.frontal.side and
lateral_occipital.side) not in cingular.side not in temporal.side not in subcortical.side not in
hemisphere.opposite

SLF _Ilside =(inferior_parietal.side or supramarginal.side or lateral_occipital.side) and
endpoints.in(middle_frontal.side)) not in temporal.side not in subcortical.side not in &j’

Relative Position
Terms

d) superior_oflamygdala) e) f) lateral_of(amygdala)
inferior of(amygdala) posterior_oflamygdala) medial_oflamygdala)

hemisphere.opposite

SLF_11Lside = ((inferior.parietal.side or supramarginal.side or lateral_occipital.side) and Logical Operations
endpoints.in(inferior-frontal.side)) not in temporal.side not in subcortical.side not in s
hemisphere.opposite ; : ; !

AFside = (inferior-frontal.side or middle-frontal.side or precentral.side) and
(superior_temporal.side or middle_temporal.side) not in medial of(supramarginal.side)not in
subcortical.side not in hemisphere.opposite

10FF side = (lateralorbitofrontal.side and occipital.side) and temporal.side not in
subcortical.side not in cingular.side not in superior.parietal .lobule.side not in
hemisphere.opposite

ILF.side = only(temporal.side and occipital.side) and anterior.of(hippocampus.side) not in

PR T IR T N

[r— ¢) a=insula and h) b = temporal and i) uncinate_fasciculus =
(inferior_frontal or anterior_of(amygdala) a and endpoints_in(b)
middle_frontal or orbito_frontal)




f? Dispersion is an important
measure

« [Douaud09] describes the Cx
selective loss in fibers leading to

lower dispersion in HD subjects
(left).

 Need to translate methods that Pu "‘
enable measurement of

d IS pe FSI0ON.: Afiber tract connectlng the substantia

nigra in the brainstem to the striatum is colored by fiber
dispersion [Savadjiev12].

Working with Peter
Savadjiev & Yogesh Rathi
to transfer this
methodology from
prototype environment to
production environment

Control: Patient:
National Alliance for Medical Image Computing hlgh dlspersmn lower dlspersmn
http://www.na-mic.org




f? Preliminary Longitudinal
DWI Processing Results

IFO, MD, C <H IFO,RD,C<H

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

ITK/Simple ITK Departmental Attendance

2%
5%

2%

2% /
2%
2%

21%

¥ Biomedical Engineering

H College of Enginering
Department of Psychiatry

B Electrical and Computer Engineering
Graduate Collage

B |CTS - Informatics

¥ [IHR-Hydroscience and Engineering

® Kitware
Mathematics

® Mechanical Engineering
Off-Campus Attendees

H Radiation Oncology

Radiology
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.. BRAINSCamp 2013

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

24 New “NA-MIC Certified” Engineers

Mechanical
%, Engineering,

Undergrad
uates, 6

National Alliance for Medical Image Computing
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Specific Aims

* Perform individualized longitudinal shape
change quantification from multi-modal
data. (DONE!)

 Complete full brain Diffusion Tensor
Imaging tractography analysis. (DONE!)

* Deploy extensible tools for sharing source
data, derived data, algorithms and methods
to multi-site analysis teams. (DONE!)

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



/:v Funded HD-Projects Using NAMIC DWI
Processing Tools

« (CHDI) TRACK-HD/TRACK-ON (Private Foundation)
« (RO1 NS040068 1251) PREDICT-HD

— (U0O1 NS082083) Functional Connectivity in Pre-manifest HD
(Stephen Rao, Cleveland Clinic)

— (UO1 NS082085) Study of Basal Ganglia Shape Analysis and
Circuitry (Michael Miller & Chris Ross, JHU)

— (UO1 NS082086) 4D Shape Analysis for Modeling Spatiotemporal
Change Trajectories in Huntington's (Guido Gehrig, Utah)

— (UO1 NS083223) Characterization of White Matter in HD Using
Diffusion MRI (CF Westin, Harvard)

— (U01 NS082074) Imaging and Genetics in Huntington’s Disease
(Jessica Turner & Vincent Calhoun, MIND Institute)

- (U54 EB0O05149) DBP-National Alliance For Medical Image Computing

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



/
Thank You!

e Questions?

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



