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Discussion points for today’s talk

* Modeling as a Scaffold for Intraoperative and
Interventional Data

We can’t measure everything!

Biophysical models offer: ease of integration, accurate estimation,
and constraint

Result is the enables of sparse data-driven assistance to therapy
» Examples of Model-Augmented Image Guidance
Enhancing localization with soft-tissue biomechanics

Predicting thermal dose extent with soft-tissue bioelectric/bioheat
transport

» Available Challenge Data for the Community
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... evolving Image guidance technology ...
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.. evolving image guidance technology ...

Imaging/Information

+

Localization/Digitization

+

o~

£ Registration
N > 4

~




Closesft Poinf Distance (mm)
-6.00 0.000 &6.00

r4v v

v —1— V VANDERBILT



Model-based augmentation ...

Model-based
Intraoperative Data + Deformation
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Sparse-data driven image-to-physical registration

Pre-operative
diagnostic
image

3D
surface

3D
tetrahedral
mesh
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D. C. Rucker, et al., ‘A mechanics-based
nonrigid registration method for liver
surgery using sparse intraoperative data’,
IEEE Transactions on Medical Imaging,
vol. 33, no. 1, 2014,

J. S. Heiselman, et al., "Characterization and
correction of intraoperative soft tissue
deformation in image-guided laparoscopic
liver surgery,"” Journal of Medical Imaging,
vol. 5, no. 2, Apr 2018.
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Sparse-data driven image-to-physical registration

-

Preoperative Computation Phase \

Designate control points
on support surfaces
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‘A mechanics-based
nonrigid registration method for liver
surgery using sparse intraoperative data’,
IEEE Transactions on Medical Imaging,
vol. 33, no. 1, 2014,

D. C. Rucker, et al.,

J. S. Heiselman, et al., "Characterization and
correction of intraoperative soft tissue
deformation in image-guided laparoscopic
liver surgery,"” Journal of Medical Imaging,
vol. 5, no. 2, Apr 2018.




Sparse-data driven image-to-physical registration
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Salient Feature Registration

Image-to-Physical Registration Phase
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‘A mechanics-based
nonrigid registration method for liver
surgery using sparse intraoperative data’,
IEEE Transactions on Medical Imaging,
vol. 33, no. 1, 2014,

D. C. Rucker, et al.,

J. S. Heiselman, et al., "Characterization and
correction of intraoperative soft tissue
deformation in image-guided laparoscopic
liver surgery,"” Journal of Medical Imaging,
vol. 5, no. 2, Apr 2018.




Human-to-phantom study ...

J. A. Collins, et al., 'Improving registration
robustness for image-guided liver surgery in
a novel human-to-phantom data framework’,
IEEE Transactions on Medical Imaging, Vol.
36, No. 7, pp. 1502-1510, 2017

TRE (mm)

Phantom has

known volumetric
deformation




Transpose OR
pattern on
guantitative
phantom

Develop
Sampling
Strategy to
Improve
Robustness
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Human-to-phantom study ... Results
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Interventional ultrasound study ...

L. W. Clements, et al.,, ‘Towards validation of

model-based deformation correction in image-
guided liver surgery via tracked intraoperative
ultrasound’, Journal of Medical Imaging, Vol. 3,
No. 1, pp. 015003, 2016.
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Interventional ultrasound study ... Results

Riqid Reqist!lion Post-Correction

: Study Parameter
Number of Patients N=6
Target Error After Rigid Registration 5.6 +/-2.2 mm

Target Error After Rigid Registration + 2.7 +/- 0.7 mm
Correction

Correction Capability ~52%

L. W. Clements, et al., ‘Towards validation of model-based deformation correction in image-guided liver
surgery via tracked intraoperative ultrasound’, Journal of Medical Imaging, Vol. 3, No. 1, pp. 015003, 2016.
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A. L. Simpson, P. Dumpuri, J. E. Ondrake, J. A. Weis, W. R. Jarnagin, and M. I. Miga, ‘Preliminary study of a
novel method for conveying corrected image volumes in surgical navigation’, International Journal of
Medical Robotics and Computer Assisted Surgery, Vol. 9, pp. 109-118, 2013.
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Novel bystander study ...

« N=20 Patients Undergoing Standard of Care Liver

Surgery +3 Highly Improved
e Two Participating Surgeons

* Rigid Registration & Corrected Registration Determined *2 I\I/Ir?]?ﬁgféy
e 6-7 Sequential display evaluations in the operating room ;
d ey P J +1 Slightly Improved

» Display order randomized and blinded to surgeon &

operator 0] No Improvement
e +3/-3 Display rating from highly improved to highly -1 Slightly Worse
worsened

-2 Moderately Worse
-3 Highly Worsened

o Total of 125 evaluations
55 Rigid - Enhanced
46 Enhanced - Evaluation #
24 No Change

Rigid Registration

Surgeon Score

L. W. Clements, et al.. ‘Deformation correction for |mage—gwded liver surgery: An intraoperative assessment of
fidelity.’ Surgery, 2017.
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Novel bystander study ... Results

Patient 11 Patient 17

Rigid Guidance Deformable Guidance Rigid Guidance Deformable

\%-ﬂ v | el \"nll;

Same Method 0.1 +/- 0.8 [0.0]

L. W. Clements, et al.. ‘Deformation correction for image-guided liver surgery: An intraoperative assessment of
fidelity.” Surgery, 2017.
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... extending framework for other sparse data







... extending framework to less invasive

MHD: 7.4 £ 4.6 mm
i | Laparoscopic | | | Laparoscopic | i
[ Preoperative [ Standard Pressure Low Pressure Open ]
MHD MHD\ MHD\
0.1£5.9mm 6.4+2.6mm 6.3x+2.5mm

n=25:
Lap-Open
Conversion

J. S. Heiselman et al., "Characterization and correction of intraoperative soft tissue deformation in image-
guided laparoscopic liver surgery,” Journal of Medical Imaging, vol. 5, no. 2, Apr 2018, Art. no. 021203.




Multi-physics model-based augmentation ...

Intraoperative
Data

Model-based
Microwave
Ablation Prediction
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Model-based
Deformation Correction

Multi-Physics Model-
based Approach for
Improving Localization
of Antenna and
Estimating Thermal Dose

%/ VANDERBILT







Post-ablation mock histology

Post-ablation MRI

vol. 6, no. 2, pp. 025007:1-10, 2019.
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Ablation fitting and localization study ...

2D Axisymmetric Model

Model

.q(:

Temperature Probes

&

Tissue

Ablation Probe

Result (T [°C])

(V2 + w?pe,)E =0

E.M.

oT
pe—=V-kVT+Q=Qp+ Qn

Thermal

A Testing and Simulation Environment

J. A. Collins, J. S. Heiselman, L. W. Clements, D. B. Brown, and M. I. Miga, "Multiphysics modeling towards
enhanced guidance in hepatic microwave ablation: A preliminary framework®, Journal of Medical Imaging,
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Ablation fitting and localization study ...

Initial ablation Optimal ablation
zone solution zone solution
Ve No LT ves
Choose property Does the predicted
values ablation fit the observed
P=[o, ¢k, ] ablation?
Solve forward 1

ablation model




Ablation fitting and localization study ...
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Ablation fitting and Iocalization study ... Results

l f”?‘?

Model-Predicted

Transverse Ablation 20.1+/-1.0 19.9+/-1.8
Dimension (mm)
Axial Ablation 31.6+/-1.2 29.9+/-0.6
Dimension (mm)
Positive Predictive 96.3+/-0.3
Value (%)

I 310
300
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N=3 Phantoms

3 ablations per
phantom

4 deformations per
phantom

Metrics

3 targets (ablation
centroid, needle insertion
point, needle tip)

Positive predictive value b\\

J. A. Collins, J. S. Heiselman, L. W. Clements, D. B. Brown, and M. I. Miga, ' Multlphysms modeling towards
enhanced guidance in hepatic microwave ablation: A preliminary framework®, Journal of Medical Imaging,
vol. 6, no. 2, pp. 025007:1-10, 2019.
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Ablation fitting and localization study ... Results

Green — Ground Truth

Red — Predicted (rigid

Target Registration Positive Predictive Value —
Error — rigid (non-rigid) rigid (non-rigid)
mm %
Partial Surface 6.0+/-23 (3.7 +/-1.4) 64.8 +/-12.4 (/7.1 +/- 8.0)
Full Surface 5.6 +/-2.3(25+/-1.1) 67.0 +/-11.8 (85.6 +/-5.0)
N

Registration

Blue — Predicted (nonrigid)
Green — Ground Truth

VIiSE V VANDERBILT

A r4v v




Ablation fitting and localization study ... Results
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Ablation fitting and localization study ... Results

m Rigid Registration - Optimized @ Deformation Correction - Optimized
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Previous work suggests: Better localization
accuracy and PPV is achieved with

appropriately ‘tuned’ models.

Hypothesis: MR Image-data-derived
surrogate biomarkers can provide ‘tuning’
for driving predictive modeling to forecast
microwave thermal ablation therapy
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Data Set Generation Methods
80% Ecoflex® 00-10 platinum-
cure silicone mixed with 10%
Silicone Thinner® and 10%
Slacker® Tactile Mutator
(Smooth-On Inc.,
Pennsylvanina)

N=159 CT-visible targets
Baseline CT, and 4 deformations
under posterior side of liver
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Sparse Data Challenge Sets
Mesh & binary mask
84 surface contact-swabbed sets
21 OR patterns of anterior
surface
extent 20-44%
4 deformations sets
28 anterior surface non-contact
swabbed sets
General surface, falciform, left &
right inferior ridge (112 sets)
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... example
results ...

All sets have varied
initial poses

Requires initial
alignment strategies
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... example
results ...

All sets have varied
initial poses N

Requires initial
alignment strategiess,

Deformation spans
moderate to high
deformations

-







... example
results ...

All sets have varied
initial poses

Requires initial
alignment strategies

Deformation spans
moderate to high
deformations

Nonrigid
registration using
sparse anterior data




[ Sparse Data Challange x4 - o *

€ 3 © @ hitps//sparsedatachallenge.org « B O :

What are the
steps for

participating? B
T ——

Go to

sparsedatachallenge.org HINEAIEY

Scheduled Release (2/19/2019) at SPIE Medical Imaging --- Welcome to the
1st Sparse-Data Non-Rigid Registration Challenge for application in Image-

Register your team (Pl Guided Liver Surgery!

b i OS ketC h ap p rova I) The challenge is based on the publication by Collins et al. (2017) appearing in the [EEE Transactions on Medical Imaging (vol. 36, no. 7, pp. 1502-1510). To
describe briefly, there are surgical workflow advantages if one could align preoperative liver image volume data to its p physical using
sparse surface data visible during the procedure at presentation. We have developed a novel human-to-phantom framework that allows us to transpose real
operating room (OR) data patterns that we acquired clinically using an optically tracked stylus onto a itati i i This
allows the develop and testing of image-te-physical regi i Igorithms in the pi of def ion with g i bsurf

Afte r ap p rOVaI y g O to S i te targets for assessing error and within the context of realistic OR data acquisition. We note that the deformations we have imposed on the phantom mimic .
and Login

Go into Data Site tab and DASHBOARD
download data

Bpinm Eexcel Mosv WM copy

Show 10+ enfries Search:
Wh n d n L i n Organization Name 3%t Average Median ©
e O e, Ogl y go Team Name = o Submission TRE ~ TRE ~ Complete  Segment/Extent Results =
Date - -
baCk to Data Slte and BML BML JeZ0I9 452 444 100.00%  hupsy/s3.amazonaws.com/sparsedatachallenge/PublicData/BML_BML results tre
u p I Oad resu ItS TeamWisdom Vanderbilt_University S?fﬁﬂ:gaw - san | oo | tisrsseisssnais sanissarsedstachallense/PULIBOSE VRISV TeaHNISHATLIN
VUITtestteam Vanderbilt ;:?%E:“‘g 4.52 4.44 100.00%  hitps//s3. f di 1! PublicData/Vanderbilt. YUIT results.tre
i 16/02/2019 ; " i
C h k D h b d VUIT_testing_team  Vanderbilt 1217 AM 4.52 4.44 100.00% hitps://s3.amazonaws com/sparsedatachallenge/PublicData/Vanderbilt_VUIT testing_team_results
eC aS Oa r O n Team Name Organization Name Last Subm Aver Me . Co. Segment/Extent Results

Gateway

Showing 1164 of & sntries
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Questions
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