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OUTLINE

B Why image guidance, simulation and therapy planning for
HIFU, FUS...?

B MRgFUS of the liver: the TRANS-FUSIMO project

B General hurdles and challenges of (abdominal) HIFU
B Models to support therapy

B Temperature simulation for moving organs

B Motion tracking and compensation

B Status of the TRANS-FUSIMO Project
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Basic principle of HIFU, FUS

B Thermal tissue ablation with
= HIFU High intensity focused ultrasound
" FUS Focused ultrasound (surgery)

US - Transducer
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Principle of HIFU — large volumes
Spot scanning technique transparent Phantom

Target volume

Induced lesion

Medical Knowledge Through Research

—
raunhofer AAPM 2017, Denver, Co, USA 2017-08-01 Jirgen Jenne % Fraunhofer
MEVIS

|




27.07.2017

Principle of HIFU — overheating/sonication time
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Principle of HIFU — overheating/pause time

Pause time
was shorten to
1/3
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Principle of HIFU — volumetric ablation

Fast volumetric ablation with spatio-temporal automatic control of the temperature

Ultra-fast ablation Accurate compensation of geometrical focal
paradigm (5 cc/min) shift. Left: 8s sonication, right: 60s

Courtesy of Rares Salomir, HUG, Geneva
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Why image guidance, simulation, therapy panning?

B Non-invasive procedure

Highly precise

Including best diagnostic pre-imaging (e.g. multimodal
MRI...)

Danger of overheating
Long ablation process (optimization)

[
[
B Complex acoustic path/window with skull/ribs/lung/bowel
B Training and therapy/workflow simulation

[

Optimization of therapy setups
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MRgFUS of the liver (TRANS-FUSIMO)

FUSIMO (FUS Treatment in Moving Organs) and TRANS-FUSIMO
Treatment of liver tumors HCC and metastasis
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Abdominal HIFU - challenges
B Bone and rib cage
B Motion due to breathing, pulsation, gravity...
Liver
Ribs
B Tumor depth
B Structures/organs at risk
Diaphragm
Spine
B Tumor volume (Time)
m QA (clinical study)

Medical Knowledge Through Research

|

~ Fraunhofer

MEVIS




27.07.2017

Models to support therapy

Mathematical models complement spare data and finally enable the technology

Motion modeling
Patient
specific
Ultrasound | || model
modeling integration
Functional i
organ modeling
Z Fraunhofer
MEVIS
Therapy planning

Functional organ model, motion model, US propagation model, thermal
damage model etc.
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Therapy planning

Functional organ model, motion model, US
propagation model, thermal damage model etc.

Therapy controller

Export

¢ Anatomical structures
¢ Motion model landmarks

¢ Risk structures

* Therapy plan
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US Model: Simulation in Moving Liver

Hybrid Angular Spectrum method
GPGPU computing

Transformed bioheat transfer equation
(BHTE)

motion of organs (liver, ribs)

—

Simulation of fast beam steering
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Heat simulation of moving liver: Transformed BHTE

reference state of organ moving and deforming organ

H1 t1 S

rd

t3

Eulerian approach (looking at a fixed location in space)

0T (x,t) o OT(x,t) dx
per ot ox dit

) —div (kVT'(x,t)) + wbcg (T(x,t) — T,) = q(x,1)

(Michael Schwenke, Fraunhofer MEVIS)
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US Model: Transformed BHTE
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Discontinuously moving domain

B Simulation in the reference requires
smooth mappings

Inside each body part properly fulfilled
Violated on sliding boundaries

B Solution: Coupling subdomains via
boundary conditions
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Implicit object boundary handling
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US Model: Simulation in Moving Liver
Ultrasound pressure Temperature

Simulation of fast beam
steering:

. Pressure field
update every 0.3 s

. Focus update
every 0.1s

Courtesy of Michael Schenke
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i Image of patient Motion Tracking
Motion Model mage of patier e T

rd

L A

| During therapy
ETHziirich &
® Error (mean): o

© MR-tracking 1.1 mm
Samei et al. MICCAI Abdominal Imaging, 2012 T
Tanner et al. ISBI, 2015 ' = Prediction 1.7 mm
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Rib Model

Automated rib detection on MR data is not reliable
- a model based on CT data was developed

CT Ribcage
Populatnon

Extraction of
Centerlines for Ribs
Enclosing the Liver

using Region

[Rﬂxagc\s Segmented

B Rib shapes and positions from CT
B Appearance from manual annotations of MRI

B Detection error (mean): 2D: 1.2 mm, 3D: 2.5 mm ' 1 57
Probability of rib from appearance
(blue: low, red: high)
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Samei et al, Detection an tracking of ribs in MRI, MICCAI 2014
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Motion Monitoring
Reliable liver motion tracking for TRANS-FUSIMO Mediri

B Real-time tracking of liver motion
B Two motion tracking methods:
Ultrasound motion tracking
Fast
Independent of MR guidance
B-mode 2D image stream
MR motion tracking
No additional hardware necessary

Fast EPI for thermometry and motion
detection
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Quasi real time motion tracking

Image streams are analyzed in real-time to track
predefined landmarks or contours

m 2D/3D diagnostic ultrasound (US) or MRI
images (EPI, 7Hz)

B Model building: manual or automated definition
of pronounced structure or landmarks

Organ interfaces, diaphragm
Vessels
Pre-existing segmentation data

(Sven Rothliibbers, mediri)

Medical Knowledge Through Research

= Fraunhofer

MEVIS

Quasi real time motion tracking o

Example: automated landmark detection

Distinct landmarks in Liver EPI

Blood vessel detection
Ideal: Circular shape

Oval: Oblique angle to slice

Live MR-EPI
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Quasi real time motion tracking
Motion: described by similarity transformation 2D (5dim) medlrl
Translation in x- und y-direction
Scaling in x- und y-direction

Rotation

arbitrary transformation possible

US heart ventricle
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Quasi real time motion tracking ~nacliri

Tracking: Particle Filter propagates
distribution of position hypotheses

B Random generation of a set of possible
states

B Assign weights to each sample states
according to quality of the fit

B Calculation of state estimate and
determine current position

B Best hypothesis as starting point for
proceeding frame

“Survival of the fittest”
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uasi real time motion trackin . .
Q 9  mediri

Quality of tracking:
B Local standard deviation of a point is
calculated from the tracking algorithm |
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Quasi real time motion tracking
US Tracking

mMediri

MR Tracking MEDICAL IMAGING RESEARCH INSTITUTE

Mean error of 1.53 mm Mean error 1.6 mm

< 2ms / landmark /frame 1ms / landmark / frame
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Treatment system overview (simplified)

FUS Control

MRI Scanner

HIFU Device
Focusing
parameters
TRANS-FUSIMO

Treatment Software
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TRANS-FUSIMO integrated System
Pat|ent SpeC|f|C e ( Planning Software )
[ pr(l)rg:sg;ng ] [ FUS simulations ]

* Planning: treatment decision and
optimization by simulation

* Execution + Monitoring:
physician: general decision
technicians: preparation and execution

* Training system: learn outcomes and
give feedback on risks and probability of
success
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Motion modeling
and prediction
.
-

Treatment Software

tracking and prediction

[ Treatment control and monitoring
-

v
A
[ MR/US motion ][ Motion modeling ]
J
N

Training Software

-> Treatment Software with emulation based
on simulation and case data-base

TRANS-FUSIMO system

\

|_—
~ Fraunhofer
MEVIS

15



27.07.2017

TRANS FUSIMO Demo Application
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TRANS-FUSIMO, current status

B Quality assured development of integrated system, hard and software
is almost finished

B Ex-vivo validation of system almost finished
B Currently, animal trials on pigs
Apnea study
Respiratory motion
B First patient treatment scheduled for beginning of 2018

Evaluation of TRANS-FUSIMO system in patients under respiratory
motion
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TRANS-FUSIMO consortium

Clinical partners Industry Research
(Ri 8 INSIGHTEC ~ fraunhofer
LINMSAT

SAPIENZA

UNIVERSITA DI ROMA

ETH

UNIVERSITAT medlrl SINTEF

FRANKFURT AM MAIN MEDICAL IMAGING RESEARCH INSTITUTE
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j Thanks to the whole TRANS-FUSIMO Team ==

Special thanks to LT
Sabrina Haase <]
Tobias Preusser =~
Sven Rothltbbers Iy
Michael Schwenke §.4
Jan Strehlow ~
Johannes Gregori
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The research leading to these results has received funding from the European Community's Seventh Framework Programme FP7/2007-2013
under grant agreements n° 270186 (FUSIMO) and n° 611889 (TRANS-FUSIMO).
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Further information

Contact: Jurgen Jenne, Fraunhofer MEVIS, Bremen/Heidelberg, Germany
juergen.jenne@mevis.fraunhofer.de
www.mevis.fraunhofer.de

TRANS-FUSIMO-Project: http://www.trans-fusimo.eu
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