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1) Scientific goals and state of the collaborative research:

• Brief summary of goals (in simple terms): The short-term goal is to implement a pipeline
for patient-specific FEM modeling of defibrillation simulations, with initial application
to pediatric use of implantable cardioverter defibrillators (ICD’s). The pipeline should
run in both interactive (e.g. for placement of electrodes) and batch (e.g. for testing of
multiple orientations) modes. The longer-term goal is a pipeline for patient-specific so-
lutions to the forward low-frequency bioelectric field problem in the torso. One area
of great interest for the future is validation, possibly in animal models (with NIH or
industry support), or in humans using body surface potentials as well as defibrillation
success to validate (suggested by Nate Segerson).

• Translational potential: Very high but for a “small” problem, that is, the frequency of
pediatric ICD implantations is low (although at Children’s Hospital Boston they are
currently performing about 60-70 such implantations annually). Medical practioners are
quite closely involved in this project. The translational potential of the longer-term goal
is also high, as it has uses for both forward and inverse solutions for a variety of cardiac
conditions and potentially for electrical impedance tomography, applications of electrical
stimulation, etc., as well.

• Current state of the science/experiments: Matt Jolley is in the final stages of running
many cases of electrode types and orientations in order to do a preliminary assesment
of comparisons between these different implantation approaches. In addition there is
considerable work done on application to external defibrillation.

2) Associated technical goals that this collaboration will realize:

• Integrated segmentation / model building from medical scans (image sets)

• Integrated meshing based on those models

• Integrated interactive placement of conductivity anomalies (in this case electrodes) in
the volume

• Integrated re-meshing after placement

• Reviving or creating tools for visualization of results of bioelectric field simulations in
the torso

• Batch processing mechanism for SCIRun
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3) Papers:

• Progress to date:

In the works (include time lines): 4 clinically-oriented manuscripts partially written; one
should be out by Sept 1, the 2nd by Sep. 21, the third and fourth by end of 07. The
first paper will focus on the overall idea for a more general audience. The second will be
a detailed discussion of electrode positions from a practical point of view. Of the other
two, one will be about external defibrillation and the other about implant strategies in
small children. In addition a paper on the technical aspects, with Jeroen as lead author,
should be out by the end of 07.

• Planned for the future (include time lines): After those five papers plans are vague,
depending on funding and personnel recruitment efforts.

4) Grants:

• Progress to date: In the works (include time lines): Two grants planned for submission
in early 08, one to NIH and the other to CIMIT, with John Triedman as PI on both.

• Planned for the future (include time lines)

5) Software development:

• Description of the tasks:

1. Segmentation and smoothing from image scans (on-going)
2. Meshing: to-date we are using a regular hexahedral approach, with a higher-density

remeshing around the inclusions, but we would like to have a tetrahedral (surface-
based?) method working as well.

3. Batch processing needs a more solid implementation
4. We need to upgrade widgets in SCIRun to be more user-friendly
5. We need to have ways of displaying graphs and bar diagrams so we do not need to

rely on MATLAB

• Progress to date:

1. Functional pipeline working in both interactive and batch modes
(a) Segmentation done mostly with Slicer3 (just moved almost all to Slicer3). Takes

a considerable amount of time and expertise, especially around the heart and
cardiac vessels. Still needs some smoothing.

(b) Several regular hexahedral re-meshing schemes are implemented and functional.
(c) Processing occurs in several stages — so pipeline at this point is “virtual”.

That is, the segmentation is done as one process, the results are handed off to
the meshing / re-meshing steps where the electrode orientations are included,
then the FEM simulation and data analysis is done as a third step. The split
into two pipelines is because we need to generate electrode locations.

2. Unpredictable behavior is down to a manageable level but still present at times.
3. Many orientations have been run and we are in a data analysis stage at the moment,

barring any unpredicted software behavior.

• In the works (include time lines)

1. Implementation of better meshing schemes
2. Use of Seg3D for segmentations
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• Planned for the future (include time lines)

1. Upgrade widget code and interaction (a few months, developers)
2. Replace components so we can do tetrahedral meshes, need to solve surface creation

problem (hopefully by end of 07)
3. Replace analysis tools with SCIRun code instead of Matlab code (1 week)
4. Replacement of graphs with SCIRun native code.
5. Incorporation of tools from ModelCreation into SCIRun core and making them

independent of dynamic compilation for binary distribution (2 weeks, before next
release)

• Potential for the future (i.e., as yet unplanned activities)

1. Harmonize FE code, currently code for this project only does Dirichlet boundary
conditions, and BioPSE mainly does dipoles, we need to make this more general so
we can reuse code in far more projects.

2. Develop tools in Seg3D so that it is optimized to create FEM-able segmentations
from generic label maps, to feed into the upgraded meshing capabilities we are
planning. This should be able to take generic label maps (Seg3D, Slicer, etc), fix
topology and slice-to-slice problems, and turn them into a good FEM mesh. This
will provide a more complete pipeline from segmentation to meshing to simulation.

3. Develop better I/O tools to design simulations, i.e. allowing interactive choice of
electrode model, FEM net, etc, and automatically assembling the correct network.
Perhaps combining this with a client/server architecture that would allow folks
without monster computers to run large simulations. Matt Jolley feels these are
key to wider usability by clinicians.

4. Building a library of segmented and meshed torsos. This could be a by-product of
what we are doing anyway and will have utility in itself. However it would require
some software infrastructure to make it useful to a wider public.

5. Including capacitive effects, and in general more complicated tissue effects, in de-
fibrillation modeling. This would require complex number arithmetic in SCIRun as
an enabling tool.

6. Matt suggests we think about an interface to OpenTracker, an SPL IGT project
on real-time device tracking for use in cardiac ablation, this could be interesting in
terms of the afib project.

6) Extent of the “cone of influence”:

• Other potential users, by name and by generic target group:

1. Clinicians at Children’s Hospital Boston (there have already been requests to use
the software on a few specific clinical cases)

2. Other academic clinical researchers doing pediatric implanatations (a small but very
interested group around the world)

3. Device companies perhaps (have had inquiries from Medtronic, Boston Scientific,
and St. Jude). John Triedman thinks that it is possible (no idea how likely) that if
device companies get interested they might then push it as a clinically useful tool.

4. There are possibilities of other clinical uses but we have not worked this out in
any detail yet. If we can get the image-to-FEM pipeline really under control then
even bedside applications where individualized modeling would be useful are worth
considering.

5. Other people doing torso bioelectric field work
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• Science cone of influence (who will benefit from the science):

1. Short-term, anyone interested in implantable defibrillation using new electrode de-
signs, implantations in non-standard locations, or implantating in people with un-
usual anatomy. Matt and Nate thing that subcutaneous electrode placement is,
and will be for a few years, a very hot idea in the device company world, and this
tool could be very useful for designing and implantation such electrodes as well as
understanding their advantage and limitations.

2. Medium-term, people at Utah interested in defibrillation and afib
3. Longer-term, anyone working on a variety of forward/inverse torso bioelectric field

problems

• Development cone of influence (who will benefit from the development, including num-
bers):

1. Huge overlap with a variety of projects (including Henriquez and Makeig/Worrell/Warfield,
afib project, possible adult defib project at Utah with Nate Segerson, etc.) which are
interested in patient-specific modeling of the torso or use of bioelectric field models
in the torso

2. Anyone interested in having a set of well-segmented and well-meshed torso models
to work with (for instance, to study statistically-based torso segmentations).

• Internal Technical Cone of Influence:

1. A lot of scripting infrastructure went back into the regression testing project. This
project is as well driving new regression tests to be added.

2. Finding bugs, this project found a lot of bugs in the software, as Matt is not afraid
of pushing buttons.

3. This project is driving mesh generation efforts.

7) Resources available:

• From the CIBC: Jeroen, Dana, Rob to some extent, developer time going into Seg3D
and meshing tools, potentially undergraduates at Northeastern and Utah to work on
segmentation, a possible use of one of Dana’s RA’s when the position turns over (at this
point expected to happen in January)

• From the collaborator: Matt will keep working on this project through late September,
then will be out of the country but still doing some work through early December. After
that his participation level is not clear; he is very interested and feels very commmitted
but may have other obligations that prevent him putting in much time and effort. John
will maintain his interest and effort, especially in securing funding (and after funding is
secured!). Matt has some ideas about other cardiology fellows at Children’s and Utah
who may be interested once the software is more robust and easier to use for clinicians
who are less determined and less technically capable than Matt is.

• From other sources: SPL has been quite interested and helpful on the segmentation
side. Matt has interacted extensively with Steve Pieper, somewhat with Killian Pohl
and Gordon Kindlemann, and occasionally with other SPL personnel. He has also been
talking at times with Ron Kikinis.

8) Needs:

• Urgent: Time from Jeroen and Rob for the clinical papers; ditto for the technical paper.
Help with visualizing the many electrode positions efficiently and clearly in a figure.
Otherwise we seem to be ok for now. Maybe someone to try Matt’s data in Seg3D to
see if the heart segmentation comes out smoother?
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• Middle term (include time lines): Better meshing software: Time from Jeroen to patch
up all the bugs and loose ends in mesh generation code and create a few of the missing
components. Incorporation of all tools used in this project in the SCIRun core so it is
available to other projects (move code, strip dynamic compilation, cleanup documenta-
tion)

• Long term (include time lines): Depends on what directions the project goes.

9) Organizational infrastructure:

• How is group organized:

1. Matt works on this many hours per week. Jeroen works on it, a lot of it drive by
Matt’s needs. John Triedman, Rob, and I try to keep up.

• How does interaction happen, e.g., meetings, how often, who involved?

1. Things have typically been driven in the past by Matt’s large volume of small emails;
we have recently switched to a Wiki structure which seems to work better as long
as the rest of us find the time to read Matt’s posts.

2. Occasional supplements of phone meetings and trips by Matt to SCI, which really
help.

3. Weekly phone meeting and skype meeting between Jeroen and Matt, indeed often
twice a week.

4. Matt also does a lot of work in the SPL lab which leads to him having significant in-
teraction with some SPL people. Lately though he has been using a VNC connection
to SPL to work.

10) Overlap with Center (or Center members) interests:

• The defibrillation problem itself is of some interest to Rob, Jeroen, and Dana.

• The larger problem of patient-specific bioelectric field simulation is of great interest to
the same three, and also of interest to Chris and Dave.

• The problem of going from images to meshed model is of interest to Ross, Jeroen, and
Dana (in different aspects).

10) SWOT Summary:

• Strengths: Broad technical overlap with many projects on the application, technical,
and tools sides, application is very attractive with high translational impact

• Weakenesses: Small potential “market” for the direct pediatric application, not clear
who will take over if/when Matt moves on to other work

• Opportunities: High impact papers, reasonable expectation of funding for further
work, useful collaboration with SPL, feed into simulation / modeling / inverse problems
projects in several areas including afib, possible industrial funding.

• Threats: Could be some danger of being overshadowed by SPL, especially since they
are so prominent in segmentation and moving on meshing.

5


