June 12, 2012

Vinay Pai, Ph.D.
Program Director for Biomedical Imaging Informatics

National Institute of Biomedical Imaging and Bioengineering

National Institutes of Health

Democracy II, 6707 Democracy Blvd, Ste. 200

Bethesda, MD 20817

RE:  Supplemental Response: National Alliance for Medical Image Computing (NA-MIC) Annual Progress Report

Dear Vinay,

I have discussed with the NA-MIC team the questions raised by the reviewers, and have provided our responses in the attached document. We have interwoven the queries with our responses.

Please let me know if you have additional questions.

Sincerely,


Ron Kikinis, MD, PI
NA-MIC RESPONSE TO QUERIES

We appreciate the careful review of our progress report and have included our responses below. We regret not having provided this level of detail in the original progress report, especially since it clearly contributed to a wide gap between our own and the reviewers’ assessment of the productivity of our DBPs. In the 8-year history of NA-MIC, this is our third set of DBPs, and we are particularly proud of the level of results they have achieved within their first two years – as measured by their publications as well as their contributions to the open source software platform 3D Slicer – even when compared to their predecessors, who were all strong contributors in their own right. Internally, our team sentiment is that working with two previous cycles of DBPs greatly helped us refine our processes and contributed to the rapid progress made by the current DBPs, which is why the reviews were particularly unexpected. In the rest of this document, we have provided responses to each of the points raised by the reviewers, as well as a set of milestones for the upcoming year for each of the DBPs.

A.
Huntington's Disease, Hans Johnson, PI, University of Iowa


a1.
Do the researcher's think that these tools will be applicable in other domains, for example, neurodevelopmental studies in autism or schizophrenia?  This might be a very useful tool for these mental diseases.


Response: The tools developed for the HD-DBP already are having a significant impact on a wide range of other neurodevelopmental and neurodegenerative studies. The University of Utah (Utah) and University of North Carolina (UNC) NA-MIC algorithmic work concerns the development of novel image processing and analysis tools that center on 4D longitudinal analysis (Huntington's) and automated segmentation of complex pathology in single and multi-time-point patient data. These computational tools are generic and can be adapted to a wide range of clinical applications.

At the University of Iowa, many of the tools are being actively used to investigate white matter changes in cleft lip and palate, atherosclerotic vascular disease, anorexia nervosa, juvenile HD, cognitive impairment in aging, and schizophrenia. UNC has applied the DTI framework, still under development in NA-MIC for Huntington's Disease, to studies of drug abuse (a. cigarette smoking; b. chronic alcoholics). The Utah group is using these tools and software to investigate the gene-brain phenotype relationship in Down's Syndrome, where studying brain growth and growth alterations due to genetic differences are the key research issues.  A joint effort by the UNC/Utah groups has applied these tools to study infant brain development related to autism, with the objective of comparing subjects at high- versus low-risk of developing autism (from the Autism Centers of Excellence/ACE project).

The cross-fertilization of NA-MIC technology with the aforementioned grants is best reflected in the most recent joint publications of these groups with NA-MIC partners. This list, which is extracted from a much longer history of collaborative research, includes only the most recent works.
Published Articles
Geng X, Gouttard S, Sharma A, Gu H, Styner M, Lin W, Gerig W, Gilmore JH. Quantitative Tract-Based White Matter Development from Birth to Age Two Years. NeuroImage, pp. 1–44,Mar. 2012.

Wolff JJ, Gu H, Gerig G, Elison JT, Styner M, Gouttard S, Botteron KN, Dager SR, Dawson G, Estes AM, Evans AC, Hazlett HC, Kostopoulos P, McKinstry RC, Paterson SJ, Schultz RT, Zwaigenbaum L. Piven L. Differences in white matter fiber tract development present from 6 to 24 months in infants with autism. Am J Psychiatry 2012; Feb 17; Epub ahead of Print. 10.1176/appi.ajp.2011.11091447.

Fishbaugh J, Prastawa M, Durrleman S, Piven J, for the IBIS Network and Gerig G. Analysis of Longitudinal ShapeVariability via Subject Specific Growth Modeling, accepted MICCAI'12 conference, in print Springer LNCS, to appear Oct. 2012.

Neda Sadeghi, Marcel Prastawa, P. Thomas Fletcher, John H. Gilmore, Weili Lin, Guido Gerig, 'Statistical growth modeling of longitudinal DT-MRI for regional characterization of early brain development.' Proc. IEEE ISBI 2012.

Sharma A, Durrleman S, Gilmore JH, Gerig G. 'Longitudinal Growth Modeling of Discrete-Time Functions With Application To DTI Tract Evolution In Early Neurodevelopment.' Proc. IEEE ISBI 2012, to appear May 2012, in print.

Timpe JC, Rowe KC, Matsui JK, Magnotta VA., Denburg NL. (in press). White matter integrity, as measured by diffusion tensor imaging, distinguishes between impaired and unimpaired older decision-makers. Journal of Cognitive Psychology, in press.

Articles in preparation
Rowe KC, Matsui JT, Mayberg HS, Magnotta VA, Arndt S, Johnson HJ, Nopoulos P, Paradiso S, McCormick L, Fiedorowicz JG, Epping EA, Moser DJ. (in preparation). Depressive symptoms related to low fractional anisotropy in the right ventral anterior cingulate in vascular disease. American Journal of Geriatric Psychiatry.
Rowe KC, Arndt S, Magnotta VA, Nopoulos P, Paradiso S, Matsui JT, Johnson HJ, Moser DJ. (in preparation). Characterizing white matter health in atherosclerotic vascular disease. Stroke.
Rowe KC, Stillman AS, Arndt S, Fiedorowicz JG, Haynes W, Moser DJ. (in preparation). Diffusion tensor imaging correlates to anxiety symptoms in atherosclerotic vascular disease. International Journal of Geriatric Psychiatry.
Abstracts using neuroimaging tools
Moser DJ, Rowe KC, Magnotta VA, Haynes W, Nopoulos P. Cerebral White Matter Volume is Associated with Forearm Vascular Function in Elderly Men with Vascular Disease. American College of Neuro- Psychopharmacology Conference, 2010.

Timpe J, Rowe KC, Matsui JT, Magnotta VA, Denburg N.L. White matter integrity as measured by diffusion tensor imaging distinguishes between impaired and unimpaired older adult decision-makers. University of Iowa Medical Student Research day, 2010.

Rowe KC, Vitense K, Axelson E, Magnotta VA, Nopoulos P,  Moser DJ. Diffusion Tensor Imaging: revealing hidden connections between vascular disease, emotion, and cognition. University of Iowa Neuroscience Research Week, 2011.

Rowe KC, Magnotta VA, Matsui JT, Vitense K, Axelson E, Brumm M, Arndt S, Paradiso S, Nopoulos P, Moser DJ. Diffusion tensor imaging in the atherosclerotic brain: implications for depression, processing speed, and attention. International Society of Vascular Behavioral and Cognitive Disorders Conference, 2011; Society for Neuroscience Conference, 2011.

Rowe KC, Magnotta VA, Matsui JT, Vitense K, Axelson E, Brumm M, Arndt S, Paradiso S0, Nopoulos P, Moser DJ. Relationships among white matter health, depression, and cognition: A diffusion tensor imaging study. Cognitive Neuroscience Society Conference, 2012.


a2.
If yes to question a1, what would be the requirements for training neuroscientists in these fields to use the tools?


Response: We already have held workshops for the use of Slicer for autism and schizophrenia, both of which were our previous DBPs. We picked HD for the current DBP to round out our tools for neurodevelopmental disorders. The teams at Utah and UNC that participated in the previous DBPs continue to work with the HD group to ensure that the relevant tools continue to benefit autism and schizophrenia.

To reiterate, training is a recognized and integral part of the HD-DBP effort, and we routinely customize our approach to accommodate a broad range of individuals with diverse educational backgrounds. For training neuroscientists working in fields other than HD, we only require that they have basic familiarity with using computer software and graphical user interfaces. Using this as a foundation, we are confident that we can train them to use Slicer software by participating in interactive Slicer workshops, where they directly participate using their laptop computers and any sample data of interest.

This has been a successful model, as indicated by the long-standing record of the NA-MIC PI (Ron Kikinis) and several senior investigators in collaborating with neuroscientists to provide working computational solutions for analyzing different neurological disorders.

Other senior investigators, such as Guido Gerig, Martin Styner and NA-MIC Training PI, Sonia Pujol, also have extensive experience in training scientists in the algorithmic aspect of the computational tools by conducting workshops, which allow Slicer users to develop intuition of the underlying theories so they can analyze their data effectively.
To address the requirements from neuroscientists and other clinical researchers, we continuously interact with clinical collaborators. Our senior investigators have distilled from these interactions a set of criteria that drive all tool development in NA-MIC. These criteria include creation of intuitive user interfaces, documentation, sample datasets and processing protocols, examples and guides, prototyping tools / sandbox environments, etc. Once tools are developed using these criteria, we then launch into training-specific tasks that include creating good documentation, tutorials, focused workshops, and user-friendly toolsets like SimpleITK.  Below we list some specific training activities.

For example, in addition to  the NA-MIC Project Events held each year, the HD-DBP team has given presentations at the MICCAI conference in Toronto, Canada, with approximately 40 participants. We also conducted an intensive 2-day workshop (http://www.na-mic.org/Wiki/index.php/Iowa-March-20-2012-Slicer-Workshop) at our institution (University of Iowa), with 35 participants from 6 different departments (psychiatry, radiology, electrical and computer engineering, biomedical engineering, neurology, radiation oncology).  The success of that training has prompted the demand for another similar session to be held August 8-9, 2012. A series of 5 lectures were given to the Iowa Institute of Biomedical Imaging highlighting the NA-MIC tools and describing how to access and use them. 

Guido Gerig is organizing a workshop for spatio-temporal image analysis (STIA'12, http://www.sci.utah.edu/stia2012-home.html). NA-MIC activities to further advance theory and methodology for 4D image processing will be the key issues. At this workshop, we will emphasize the NA-MIC efforts as a key example of collaborative algorithmic, engineering, and driving clinical work. Also, we will feature the HD and TBI projects as excellent examples to drive future research, and we will point the audience to NA-MIC resources including software and test datasets.

NA-MIC Training PI, Sonia Pujol, is working with the NA-MIC community to organize the DTI challenge (with input from Ron Kikinis, Guido Gerig, Martin Styner and others). 

(http://projects.iq.harvard.edu/dti_challenge/pages/data).
Our work integrating SimpleITK and Nipype into our methodologies allows neuroscientists easy access to the algorithms available in the NLM Insight segmentation and registration toolkit (ITK).  Integrating the HD-DBP tools with these frameworks has two distinct advantages: (1) they provide a level of documentation that is easy and familiar to a large number of neuroscientists, (2) they provide a convenient distribution mechanism for others to access and deploy.  
For example, we are working to make the morphometric analysis pipeline available as part of the Nipype distribution. This pipeline is complex and is composed of various registration, resampling, and segmentation steps. The integration of this complex pipeline, and any Slicer complaint modules, is a streamlined process made possible by an automated integration engine developed by the NA-MIC team.
b.
In Table 1 (XNAT HD Data Collaborators), a number of the highlighted scientists work in neuroscience applications. Are they aware of the longitudinal capabilities being developed?


Response:  Yes, we are working closely with several of these teams to direct their efforts to maximize the integration with existing HD-DBP efforts. The efforts of Thomas Schutz (Max Planck Institute for Intelligent Systems, Tubingen, Germany) has resulted in a MICCAI 2012 paper, and more importantly, an improved DWI tool for “Learning a Reliable Estimate of the Number of Fiber Directions in Diffusion MRI.”  We continue to collaborate with him in the hopes of using that tool on the larger HD datasets. We are working with Polina Golland (MIT) to generate preliminary data needed to apply for the funding necessary to accomplish a connectivity analysis of DWI and resting state data. A collaboration between Gary Christensen (University of Iowa) and Anuj Srivastava (Florida State University) and the HD-DBP is investigating the development of advanced shape statistics for longitudinal analysis.

In addition to the non-HD neurodevelopmental studies, the HD-DBP is having a significant impact on the larger international HD community. In particular, the international TRACKON study of HD center at the University College of London has been aggressively following and adopting NA-MIC tools and NA-MIC best practices into their prospective study.  Additionally, a separate Juvenile HD project is adopting the tools developed by the HD-DBP as well.

Articles of external HD community (beyond the scope of the HD-DBP)

Aylward EH, Nopoulos PC, Ross CA, Langbehn DR, Pierson RK, Mills JA, Johnson HJ. (The U. of I., et al. (2011). Longitudinal change in regional brain volumes in prodromal Huntington disease. Journal of neurology, neurosurgery, and psychiatry, 82(4), 405-10. BMJ Publishing Group Ltd. doi:10.1136/jnnp.2010.208264.
Scahill RI, Hobbs NZ, Say MJ, Bechtel N, Henley SMD, Hyare H, Langbehn DR, et al. (2011). Clinical impairment in premanifest and early Huntington’s disease is associated with regionally specific atrophy. Human brain mapping, 000(July 2010), n/a-n/a. Wiley Subscription Services, Inc., A Wiley Company. doi:10.1002/hbm.21449.
Tabrizi SJ, Reilmann R, Roos RAC, Durr A, Leavitt B, Owen G, Jones R, et al. (2012). Potential endpoints for clinical trials in premanifest and early Huntington’s disease in the TRACK-HD study: analysis of 24 month observational data. Lancet neurology, 11(1), 42-53. Elsevier. doi:10.1016/S1474-4422(11)70263-0.
Tabrizi SJ, Scahill RI, Durr A, Roos RAC, Leavitt BR, Jones R, Landwehrmeyer GB, et al. (2011). Biological and clinical changes in premanifest and early stage Huntington’s disease in the TRACK-HD study: the 12-month longitudinal analysis. Lancet Neurol, 10(1), 31-42. Elsevier. doi:10.1016/S1474-4422(10)70276-3.
Leveraging the HD-DBP to foster new research

Two more grants with PI John H. Gilmore on early infant brain development and risk factors for mental illness are making use of the newly developed tools for spatio-temporal structural and DTI analysis. A renewal application for the Utah Twin grant is in preparation.

Two grants w.r.t. ancillary studies of Hungtington Disease Image Data (PAR-12-097), centered about NA-MIC image analysis technology on 4D shape analysis (PI Utah G. Gerig) of anatomical structures on 4D DTI analysis (PI UNC M. Styner), were submitted in April 2012 and are currently in review.

1 R01 HD055741 (Autism Centers of Excellence ACE, project IBIS) – PI is Joseph Piven (still in progress, awaiting final decision on renewal)

1 R01 HD067731 (Down's syndrome) -- PI is Julie R. Korenberg, Utah (awarded September 2011)

2 P50 MH064065-06 -- PI John H. Gilmore, Prospective Studies of the Pathogenesis of Schizophrenia, Silvio O. Conte Center for the Neuroscience of Mental Disorders

R01 MH070890 -- PI John H. Gilmore, Prospective studies of Early Brain Development in Twins (renewal in preparation)

c.
Could SPHARM be used in longitudinal studies in autism and schizophrenia?


Response:  Yes, absolutely. The methodology developed within core 1a in collaboration with the Huntington's DBP is generally applicable and thus is not specific to Huntington's disease. As an example, we submitted a paper on applying the longitudinal SPHARM analysis on normal brain development (see attached paper, submitted to MICCAI workshop on perinatal and postnatal imaging). Its application to autism in two studies (a. former NA-MIC DBP with a longitudinal study from 2-4 years of age, b. Autism Center of Excellence network on brain development in high-risk subjects from 6 to 24 months) at UNC is ongoing.

Additionally, the Utah group is developing an alternative shape analysis framework that addresses some limitations in SPHARM, where analysis is conducted without correspondence and using low dimensional parameters. This new framework enables the computation of average shapes as well as the deviations from the average (variability) in a mathematically sound and convenient manner. They are applying this to HD and have preliminary results (see Figure 2). Preliminary results have also been generated for comparing the deep brain structures of children with Down's syndrome and controls, and this will appear in an upcoming MICCAI paper:

Durrleman S, Prastawa M, Korenberg JR, Joshi S, Trouvé A, Gerig G. Topology Preserving Atlas Construction from Shape Data without Correspondence using Sparse Parameters. Medical Image Computing and Computer Assisted Intervention (MICCAI) 2012, in print Springer LNCS, to appear Oct. 2012.
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Figure 2. Intra-subject subcortical shape changes.

B.
Adaptive Radiotherapy for Head and Neck Cancer, Greg C. Sharp, PI, MGH

a.
The science officers were disappointed by the minimal progress shown with this DBP.  A detailed discussion on this is attached (quoted here).  

"The problems addressed in this project regarding deformable registration applied to proton treatments of H & N cancer are well established and previously investigated in the field by others using both vendor produced products and academically developed ones [ see 1) ‐ 3) below]. Thus the significance lies more in the extension of the NA‐MIC / 3D Slicer software tools and core expertise to the radiation therapy field.  Such an extension may well offer some new and unique features for adaptive radiotherapy (biological modeling?, integration of radiological or molecular parameters into RT planning?) and additionally it may bridge the gaps between the RT community and the much broader imaging community through its shared ontologies, algorithms and software tools.

Toward that end the “plans” for the coming year (page 211) are of the greatest interest and represent the highest potential impact of this project. “Improved support for radiotherapy structure sets in 3D slicer” has been a major impediment to its implementation in RT and thus other tools (mostly from the computer treatment planning vendor community) have already matured within the RT community. Similarly, for the “improvement and documentation of dose review tools” and the “interactive segmentation tools”. The PI should explain further which aspects of these developments will be unique compared to what has already come into common usage in the RT arena and what the timeline is for those novel developments."


Response: An important goal of this DBP is to add infrastructural capabilities to Slicer that will enable RT research. For example, while support for DICOM RT is not a novel functionality, RT researchers cannot leverage algorithms developed for image analysis by the rest of the computational image processing community without having full support and implementation for DICOM RT.  

A detailed discussion of the plans for the coming year and specific milestones are included in section C (below).  Here we provide details on our developments in deformable registration, which are unique compared to those in common usage in RT.
The innovative developments of this DBP are primarily in deformable registration: 

· Interactive registration with landmarks
Adaptive RT requires a high quality image registration for every patient, but automatic image registration methods can sometimes give less than acceptable results.  We have developed an interactive registration method that can be used to ensure that an accurate deformable registration is always possible. The development effort was completed in 2011, and is available today as a documented open-source software module in 3D Slicer [1].

· Hybrid interactive/automatic registration
A companion algorithm was designed to simultaneously optimize a deformable registration to account for both landmark and image information.  We know of no commercial system that offers this capability.  This effort was developed during 2011-2012, but has not been published in a peer-reviewed journal.  An open-source module is already available in 3D Slicer, and we expect to complete this development effort during 2011.

· Analytic regularization of B-spline registration
All deformable image registration algorithms are subject to overfitting, and require regularization to maintain smoothness of the vector fields.  We have designed a new analytic regularization method for B-spline registration that runs up to 1000 times faster than previously known methods.  This effort was developed during 2011-2012, and was recently accepted for presentation at the 2012 MICCAI conference.  The open-source module is already available in 3D Slicer, and we expect to complete this development effort during 2012.

The innovation of our interactive registration tools is established by comparative review of product brochures for MIM Maestro (MIM Software), VelocityAI (Velocity Medical), Varian Eclipse/SmartAdapt (Varian Medical Systems), Pinnacle3 (Philips Healthcare), and Raystation (RaySearch Laboratories). As of June 2012, only Varian Eclipse/SmartAdapt offers an interactive deformable registration option, and none of these systems offer a hybrid interactive/automatic registration option.

The innovation of our analytic regularization method is established by extensive literature search, which yields no similar method.  All previously published methods are based on numeric differentiation and integration.


b. 
From the last progress report the plans for this year were listed as:

"Our major plans for year two include: (1) Validation experiments with image registration algorithms to validate their accuracy and reliability; (2) Design and implement plan review tools within 3D Slicer, especially isodose lines and dose volume histogram analysis; (3) Implementation of dose warping within 3D Slicer; (4) Experimentation and prototyping of automatic image segmentation methods."

Thus it would be useful to have greater delineation of the actual progress on each of these 4 major planned activities. It seems from what has been submitted, that only a sparse amount has been demonstrably accomplished in these proposed areas beyond one publication in PMB and one conference presentation. Accomplishments should be set in the context of what already exists in radiotherapy treatment planning and adaptive dose assessment.


Response:  We regret that these accomplishments were not included in the progress report.  Our DBP met or exceeded goals for all four planned activities during year two.

· Validation experiments with image registration algorithms
Validation experiments of deformable registration algorithms were performed during 2011-2012 to evaluate registration in two different contexts:

· Comparison study of deformable registration algorithms for automatic contouring of critical organs in the head and neck

· Validation of a novel analytic regularization method for deformable registration using B-splines

The comparison study for automatic contouring in head and neck cancer is based on an evaluation of 30 subjects and three algorithms.  Each algorithm was developed by a different group: a log-diffeomorphic demons algorithm from ITK, a B-spline algorithm from plastimatch, and the VoxAlign Deformation Engine by MIM Software.  An excerpt from the results of this study is shown in Figure 1 (left).  There was considerable variation between algorithms, but overall we found equivalent results for B-spline and VoxAlign, and slightly worse results from log diffeomorphic demons [2].  By comparison, the study by Castadot et al. evaluated five subjects with twelve algorithms.  However, their study only considered voxel-based algorithms, and parametric methods such as B-splines or landmark splines were not considered.
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	Figure 1. Validation experiments for three deformable registration algorithms [2] (left), and for analytic regularized B-spline registration [3] (right).


The validation study for analytic regularization was based on 10 subjects, each with 300 corresponding landmark locations.  The regularization parameter was tested to find the optimal value as a function of B-spline grid spacing, as shown in Figure 1 (right). The results of this study demonstrate the optimal regularization value is between 0.1 and 0.01, and can be used over a wide range of B-spline grid spacings.  These results have been accepted for publication in our MICCAI 2012 paper [3].

	· Review tools for 3D Slicer
We have implemented a 3D slicer module for both of these tools, DVH and isodose.  The DVH module became available in June 2011 [4], and isodose module became available in January 2012 [5].  The DVH module produces DVH as either a cumulative or differential histogram with user-defined bin widths.  The isodose provides user control of isodose values.  User interfaces developed for these modules is shown in Figure 2.
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	Figure 2. User interface of 3D Slicer modules for dose volume histogram [4] (left), and isodose lines [5] (right).


· While these review tools are useful in their current form, we are planning continued development in 2012-2013 to improve their usability.  The current DVH module only operates to export DVH as a csv file which can be imported and used by other tools.  Our plan is to improve this capability using new charting tools which were not available until 2012.  Similarly, the isodose module only allows up to 5 isodoses, which should be improved to allow arbitrary number of isodose lines.  The continued development of DVH and isodose analysis will performed in collaboration with the OCAIRO project at Queens University.
· Dose warping in 3D Slicer
We have implemented a 3D slicer module for dose warping.  This module was completed in June 2011.  The module accepts an input dose matrix that can be loaded through the DICOM-RT importer, and warps the dose using either B-spline coefficients or vector fields.  This module can be used together with any of the deformable image registration available in 3D Slicer, including demons, B-spline, or landmark spline methods.  A screen capture of the dose warping module is shown in Figure 3, and a tutorial is available on the 3D Slicer web site [6].
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	Figure 3. 3D Slicer module for dose warping [6]. A radiation field computed on an exhale phase (right) is warped onto the anatomy of the inhale phase (left).


· Experimentation and prototyping of segmentation algorithms
We have performed extensive experimentation and prototyping of atlas-based image segmentation algorithms for head and neck during 2011-2012.  The atlas-based method that we investigated was a multi-atlas label fusion method that aligns multiple candidate reference images against the image to be segmented, and uses voting to combine the registration results into a final contour.  Three different voting methods were considered: simple majority voting, label averaging, and weighted voting based on intensity similarity.  The weighted voting method has tuning parameters that can be used to increase or decrease the importance of intensity similarity matching.

An example result from this study is shown in Figure 4.  We determined that the weighted voting strategy, in general, gives the best results, however the tuning parameter must be chosen on an organ-specific basis.  As shown in this example, a weight of 0.9 gives good results for segmentation of the brainstem.  However, the mandible requires a much lower parameter, such as 0.2 [2].
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	Figure 4.  Automatic segmentation performance of the brainstem as a function of voting method and choice of voting tuning parameter [2].


In summary, our DBP has had a productive year in terms of engineering and algorithm development.  We regret the omission of these detailed accomplishments from the progress report.

References

[1] http://wiki.slicer.org/slicerWiki/index.php/Documentation/4.1/Modules/PlmLANDWARP
[2] M Peroni.  Methods and Algorithms for Image Guided Adaptive Radio- and Hadron Therapy.  PhD Thesis, Politecnico di Milano, 2011.

[3] J Shackleford, et al.  Analytic Regularization of Uniform Cubic B-spline Deformation Fields.  MICCAI 2012.
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C.
Milestones

a.
We need to see the milestones for the various DBPs and what they plan to achieve and how these can be tracked.  A more detailed plan for the subsequent year is requested for the DBPS (Especially 4.3 and 4.4)
4.1
Atrial Fibrillation, Rob MacLeod, PI, Utah 

The CARMA ─ NA-MIC DBP research and development activities are organized under three Specific Aims as follows:

1. Develop and validate image-based longitudinal diagnostic indices for AF.

2. Develop automatic segmentation methods for the left atrium (LA) and adjacent structures.

3.  Develop an AF scoring scheme to evaluate disease progression and recovery from therapy.

The following milestones were reported in the original NA-MIC Annual Progress Report.
"Research activities in the next year include further development of automatic segmentation of the LA, through collaboration with Ross Whitaker (Utah) and Allen Tannenbaum (BU), and refinement and testing of our registration techniques for both diagnostic (LGE-MRI to LGE-MRI) and therapeutic (LGE-MRI to fluoroscopy) purposes. We will also continue to focus heavily on developing a more automated approach to segmentation of fibrosis in pre-ablation images. While our current approach compares well with manual ground truth, it still requires improvements in sensitivity to achieve the robustness of manual methods, especially in predicting successful outcome of RF ablation (the Utah AF scoring scheme). We also plan to release additional patient data to supplement the existing public database. Specifically, we will include not only more subjects but also additional time points (6-month and 1-year follow-up scans) and anatomical landmarks (pulmonary vein, mitral valve, and appendage attachment locations).

Over the next year we will increase our engineering activities to disseminate algorithms from the CARMA ─ NA-MIC DBP through Slicer4. 

Specifically, we will release (1) a registration module for cardiac LGE-MRI that includes preset parameters for specific use-cases, (2) an intensity inhomogeneity correction module, (3) a

parameter-free automatic scar segmentation module, and (4) a landmark-based registration module for pre/post pulmonary vein antrum evaluation. We will also work closely with our algorithms partners to test and develop their Slicer4 automatic segmentation modules."

4.2
Huntington's Disease, Hans Johnson, PI, University of Iowa 

The following milestones will be paralleled by joint publication submissions between Utah-II and DBP partners related to HD research (following the history of joint publications reflected in the annual report):

Timeline

August 2012:

· Develop software infrastructure for releasing data and conducting segmentation grand challenges for 4D data, together with Kitware.

· DTI atlas based fiber analysis (new Slicer module)
· Tools need re-writing to make them slicer3 compatible.

· Analyze 225 subjects with Cross sectional tools

· With between 3-6 longitudinally collected scans.

· With Caudate/Putamen/Thalamus

September 2012:

· 2012-09-01: DTI atlas computation module (new Slicer module)

· NITRC implementation FRAT needs rewrite with new greedy registration methods

· 2012-09-01: DWI atlas mapping tool (new Slicer module)

· Need to move to NITRC and convert to Slicer3

November 2012:

· Develop computational methods for comparing 4D shape trajectories between populations.

· Develop computational and statistical analysis methods for 4D DTI analysis, driven by HD longitudinal DTI data.

January 2013:

· Appropriate reporting of all steps

· Reporting of tool status. Track the OpenProvenance project.

· Use XML so that we can convert of OpenProvenance latter if desired.

March 2013:

· Isolate relevant shape features for comparing HD and controls, and perform preliminary statistical analysis of the PREDICT-HD study together with biostatisticians at Iowa.

· Analyze longitudinal autism infant brain data (collaboration with UNC ACE grant) to confirm and further elaborate on increased brain growth in autism.

July 2013:

· DTI processing wizard in Slicer

· Longitudinal DTI analysis module

· Create processing pipeline for

· Batch-processing for running large number of datasets 

· Add support for particle shape analysis (new Slicer Module).

4.3
Adaptive Radiotherapy for Head and Neck Cancer, Greg C. Sharp, PI, MGH
An important goal for our DBP is to improve the RT capabilities so that 3D Slicer can be used by researchers who don't have access to commercial tools. Here we provide more details about our plans for 2012-2013.

1.
A 3D Slicer module for atlas-based segmentation of head and neck cancer

During 2011-2012, we built an implementation of atlas-based segmentation based on academic research code and validated the feasibility of the approach. During 2012-2013, our goal is to complete a well-engineered and documented version of this software.

2. 
Improved support for radiotherapy structure sets in 3D Slicer

The lack of first-class support structure sets within 3D Slicer remains a barrier to adoption by the RT community. During the transition from Slicer 3 to Slicer 4, it was not feasible to develop first-class support for structure sets because Slicer's internal API was unstable.  For this reason, we developed an alternative method that involves storing structure names in a separate file.  This approach is sufficient for adaptive RT and therefore meets the original goals defined by our DBP. Our plan is to complete the engineering effort needed for contour warping using this alternative method during August 2012.

Now that Slicer 4 is a stable platform for development, we will begin work toward first-class support of structure sets. The approach we will attempt is based on the ITK VectorImage class and assigns one bit per structure for each voxel. This approach is successfully used by the plastimatch project, and similar approaches are used by commercial TPS software. However,  because 3D Slicer is a fairly large software package, it will take time to develop, and it is likely that this development effort will extend beyond June 2013.

3. 
Improve and document dose review tools

As mentioned above, our current implementation of dose review tools developed during 2011-2012 is usable, and the functionality meets the original goals defined by our DBP.  However, we would like to improve the documentation and usability. Usability improvements will be coordinated with the OCAIRO SlicerRT project.

4. 
Review and improve interactive segmentation tools

In conjunction with the first-class support of structure sets described in (2) above, we would like to improve the user interface of interactive segmentation tools.  Specifically, the goal of this project is to provide better high-level interfaces for selecting, deleting, and manipulating structures as a whole during interactive segmentation operations.

Timeline

August 2012:
· Release structure set warping module in 3D Slicer

· Create tutorial for gamma dose comparison tool

· Meet with OCAIRO researchers to discuss joint development of dose review tools
October 2012:

· Submit paper to MIA or PMB on analytic regularization of B-spline registration

· Complete dosimetric analysis of serial CT for adaptive RT study

· Tutorial for structure set warping module

December 2012:

· Complete hybrid interactive/automatic deformable registration module in 3D Slicer

· Evaluate feasibility of VectorImage for first-class support of structure sets in 3D Slicer

February 2013:

· Submit paper to IJROBP or RO on adaptive RT study

· Prototype new UI for interactive segmentation tools

April 2013:

· Complete atlas-based segmentation module

· Prototype VectorImage method for first-class support of structure sets

June 2013:

· Tutorial for atlas-based segmentation module

· Create updated modules for dose review tools
4.4 
Traumatic Brain Injury, Jack Van Horn, PI, UCLA
     Aim 1 (SA1): How can multimodal assessment of altered brain anatomy speak directly to questions of brain plasticity and to secondary neuroanatomical effects of TBI? We will develop end-to-end processing approaches using the NA-MIC Kit to investigate alterations in cortical thickness, subsequent ventricular, and white matter changes in patients with TBI and in age-matched controls.

Examples of current work

Irimia A, Chambers MC, Alger JR, Filippou M, Prastawa MW, Wang B, Hovda DA, Gerig G, Toga AW, Kikinis R, Vespa PM, Van Horn JD (2011). "Comparison of acute and chronic traumatic brain injury using semi-automatic multimodal segmentation of MR volumes." J Neurotrauma 28(11): 2287-2306, '3218448:' 3218448.

Niethammer M, Hart GL, Pace DF, Vespa PM, Irimia A, Van Horn JD and Aylward SR (2011). "Geometric metamorphosis." Med Image Comput Comput Assist Interv 14(Pt 2): 639-646.

Timeline
August 2012: 

Further refine Utah tools for 4D TBI analysis involving atlas construction, registration, segmentation, and visualization for end-to-end processing using Slicer and with stand alone tools. Conduct analyses on at least 10+ acute and chronic TBI subjects and age-matched controls.

Adaptation of TumorSim (http://www.nitrc.org/projects/tumorsim) to TBI data, Simulated longitudinal pathology data released to web. - posted as a grand challenge: “registration in the presence of a changing pathology”. 
February 2013: 

Initial release of merging of atlas segmentation and geometric metamorphosis. Journal article submitted from Kitware group with Dr. Van Horn et al. 

     Aim 2 (SA2):  Can multimodal workflows be developed to guide clinicians in the analysis and display of white matter fiber tract pathology that frequently accompanies brain insult?   In diffusion weighted imaging (e.g. DTI, HARDI) datasets from TBI patients, we will develop robust workflows using the NA-MIC Kit and Slicer to obtain reliable and robust metrics of white matter pathology.

Example of current work

Irimia A, Chambers MC, Torgerson CM, Filippou M, Hovda DA, Alger JR, Gerig G, Toga AW, Vespa PM, Kikinis R, Van Horn JD. (2012). "Patient-tailored connectomics visualization for the assessment of white matter atrophy in traumatic brain injury." Frontiers in Neurology 3.

Timeline

September 2012:

UCLA and Utah: Develop methods for analyzing 4D structural and diffusion data of TBI and characterizing the disease evolution from the multimodal imaging data using Slicer. Submission of conference paper from Utah team with Dr. Van Horn et al submitted to MICCAI 2013

     Aim 3 (SA3):  How can multimodal metrics of TBI grey and white matter pathology be utilized to inform and guide clinical assessment? Using the NA-MIC Kit, multimodal metrics of cortical thickness, complexity, and ventricular-volume from structural imaging and white matter fiber integrity from diffusion tensor imaging will be cross-correlated with clinical outcome variables, time since injury, age, gender and other potential factors predictive of recovery. We will emphasize the feasibility of subject-specific analysis, as opposed to population-based averaging, to examine the influence of TBI on time-dependent alteration of gray and white matter integrity with accompanying change in clinical outcome variables to be used in subsequent TBI assessment.

Examples of current work

Van Horn JD, Irimia A, Torgerson CM, Chambers MC, Kikinis R, Toga AW. "Mapping connectivity damage in the case of phineas gage." PLoS ONE 2012; 7(5): e37454.

Irimia A, Chambers MC, Torgerson CM, Van Horn JD. "Circular representation of human cortical networks for subject and population-level connectomic visualization." Neuroimage 2013; 60(2): 1340-1351.

Review of TBI image processing methods and their implications currently submitted to the journal Brain
Timeline

January 2012: 

Develop software infrastructure for releasing data and conducting segmentation grand challenges for 4D data, together with Kitware.
June 2013:

Deploy ‘patient profiling’ methodology using Slicer and stand alone tools to NA-MIC community.

Review of DBP Deliverables

The following includes passages excerpted from the Annual Progress Report.

“UCLA investigators will interact directly with NA-MIC Core 1 and 2 PIs in developing new and refining existing processing algorithms for addressing the issues inherent to neuroimaging data from TBI patients (YR1). “

We are very pleased with the success in so doing and will work further to meet the project Aims relevant to the development of new and efficient algorithms for TBI analysis and outcome prediction.

“DBP activities at UCLA will occur in consultation with the Primary Technical NA-MIC DBP Contact and the Algorithm and Engineering Contact (Table 1). Once completed and rigorously validated these workflows will 1) be applied to the TBI patient data described above (YR1-2), 2) made available for open dissemination via the NA-MIC website (YR3), and 3) form the basis for training and educational materials for NA-MIC investigators and the TBI community (YR3). “

We have worked very closely with our colleagues in Utah, at Kitware, and elsewhere to provide data sets, evaluate methods, and develop TBI data training tutorials featuring Slicer.

“Results will be featured in presentations at scientific conferences, organized training events/workshops, etc., as a way to disseminate tool capabilities and, where possible, tutorials on how to use the NA-MIC technology for other TBI-related projects (see also Training and Dissemination Cores). “

We have been remarkably successful in producing scholarly work from this DBP, as evident by the several example publications given above, as well as participation at TBI-specific meetings and symposia as well as international conferences on brain imaging.

“Finally, we will attend each NA-MIC All-Hands-Meeting to discuss the DBP with NA-MIC PIs, report on developments, and progress. NA-MIC will benefit from this DBP by exposure to a unique community that often possesses multisite neuroimaging clinical trials data.”

Our participation at annual NA-MIC events is greatly looked forward to and has strengthened our work as well as produced considerable interests into the challenges of TBI neuroimaging data analysis among people not ordinarily working with these forms of multimodal data. 
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