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Driving Biological Problem 
Huntington’s Disease 
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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.  



TRACK-HD Stage 1 HD Subject!
Baseline	
  Scan	
  



TRACK-HD Stage 1 HD Subject!
Year	
  1	
  Scan	
  



24-month voxel-compression mapping 

PreA 

Control 

HD2 



HD	
  Background	
  



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

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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Improve Data Processing 
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•  Batch processing 
–  Distributed processing plugins 
–  Reruns affect updated/edited node 

connections ONLY! 
•  Uniform node creation 

–  Stable and consistent API 
–  Nipype’s Function node allows easy 

integration of CLI tools 
•  Pipeline complexity 

–  Iterables, MapNodes 
–  Nested workflows  

Image source: Gorgolewski K et al., (2011) Nipype: a flexible, 
lightweight and extensible neuroimaging data processing 
framework in Python. Front. Neuroinform. 5:13. 

NiPype: Large catalog of tools with a 
uniform interface 
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Diagram of Longitudinal 
Processing Pipeline 
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Improved Template Building 
with ANTS 
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Brain Sub-Cortical Structures: 
BRAINSCut (Longitudinal estimation) 

Developed 
•  Caudate 
•  Putamen 
•  Thalamus 
New structure 
•  Hippocampus 
On going 
•  Globus 
•  Accumbens 
•  And more… 
 

BRAINSCut*Development*

Overview*
Regions*Of*Interests:*
•  Caudate*ready*
•  Putamen*ready*
•  Hippocampus*ready*
•  Thalamus*ready*
•  Globus*ready*
•  Accumben1)**
•  Amygdala2)*
•  Brain*Mask3)*

1)  Accumben*manual*traces*are*done,*
now*BRAINSCut*is*working*on*
model*genera=on*

2)  Amygdala,*tricky*structure,*we*are*
working*on*with*summer*students*
to*get*nice*manual*traces.*

3)  Brain*mask,*is*also*going*on*for*
BRAINSCut*model*genera=on.*

Caudate,*Globus,*Hippocampus,*Putamen,*and*Thalamus*
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HD: Joint 4D modeling of subcortical 
structures from longitudinal MRI 
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Personalized Shape Trajectory 
Modeling across Subjects 

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 
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Quality Assurance tools 
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Data Reports 
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Tractography 
•  It is 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. 

Normal                                                       HD 
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What is best tractography? 
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From Publication  
         To Clinical Application 

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



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

How to select tracts of 
interest? 

•  WMQL – White Matter Query 
Language 

–  Demian Wassermann, Nikos Makris, Yogesh Rathi, Martha Shenton, Ron 
Kikinis, Marek Kubicki, and Carl-Fredrik Westin 
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Dispersion is an important 
measure 

•  [Douaud09] describes the 
selective loss in fibers leading to 
lower dispersion in HD subjects 
(left). 

•  Need to translate methods that 
enable measurement of 
dispersion: A fiber tract connecting 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 
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Preliminary Longitudinal 
DWI Processing Results 
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Development! 

Share the 
Knowledge! 
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ITK/Simple ITK 

14% 

3% 

21% 

26% 

2% 

2% 

2% 

7% 

2% 

7% 

7% 

2% 
5% 

ITK/Simple ITK Departmental Attendance 

Biomedical Engineering 

College of Enginering 

Department of Psychiatry 

Electrical and Computer Engineering 

Graduate Collage 

ICTS - Informatics 

IIHR-Hydroscience and Engineering 

Kitware 

Mathematics 

Mechanical Engineering 

Off-Campus Attendees 

Radiation Oncology 

Radiology 
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Psychiatry 
44% 

Div of 
Behavior 

Neurology 
6% 

Psychology 
6% 

Neurology 
13% 

Electrical and 
Computer 

Engineering 
8% 

Other 
23% 

% of Departmental Attendance 

BRAINSCamp 2013 

41 Attendees 
for 2 Days1 
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Biomedical 
Engineering, 

15 

Electrical 
and 

Computer 
Engineering, 

6 

Mechanical 
Engineering, 

3 Undergrad
uates, 6 

Masters, 5 

PHD, 13 

Medical Image Processing Course 
24 New “NA-MIC Certified” Engineers 
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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!) 
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Funded HD-Projects Using NAMIC DWI 
Processing Tools 

•  (CHDI) TRACK-HD/TRACK-ON (Private Foundation) 
•  (R01 NS040068 12S1) PREDICT-HD 

–  (U01 NS082083) Functional Connectivity in Pre-manifest HD 
(Stephen Rao, Cleveland Clinic) 

–  (U01 NS082085) Study of Basal Ganglia Shape Analysis and 
Circuitry (Michael Miller & Chris Ross, JHU) 

–  (U01 NS082086) 4D Shape Analysis for Modeling Spatiotemporal 
Change Trajectories in Huntington's   (Guido Gehrig, Utah) 

–  (U01 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 EB005149) DBP-National Alliance For Medical Image Computing 



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

Thank You! 

•  Questions? 


