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IMSaT GE’s first European Center of Excellence
for MRI guided Interventions and Surgery 2008
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IMSaT GE’s first European Center of Excellence
for MRI guided Interventions and Surgery 2008

One MR with numerous Diagnostic Non-radiation

. > : Based treatment
and Interventional applications (UF & WIP)
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IMSaT GE’s first European Center of Excellence
for MRI guided Interventions and Surgery 2008

One MR with numerous Diagnostic Non-radiation
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Non invasive US/MRI
guided Focused

Ultrasound

Thermal and non Thermal
therapeutic effects
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Fundamentals of High Intensity Focused Ultrasound
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f=0.5 MHz to 3 MHz
| = 1 kW/cm? to 10 kW/cm?
T/s>10°C

Focus

1.0

Intensity kW/cm? 0.5

0.0

130 - 140
Distance from transducer (mm)

Red — Numeric A
Green - Measured.

150 160 170
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M Prostate cancer
M Uterine Fibroids
W Liver Cancer
M Bone Mets
M Breast Cancer
‘ )§)>5% ™ Brain
@ Bone non Mets
W Thyroid

Breast FA

Overall, more than 100,000 patients have been treated using HIFU/FUS
among those are <20,000 MR guided FUS/HIFU
ONLY 200 MR guided Ablation of Prostate
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Ultrasound guided Focused Ultrasound/HiIFU, Fibroadenoma

Lack of Monitoring during g
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Lack of Temperature
Mapping

Lack of MR Imaging e
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META ZIK SONO-RAY ICCAS UND ONCORAY UNIH

Focused Ultrasound
enhanced Radiation
Therapy

BMBF MetaZlK
6.2mio Euro

Video: 2 Kuka Roboter Fakultatsunterstitzung
fir Projekt OncoCockpit: 333T€



https://1drv.ms/v/s!AlXw5LElYS5ciboS6WUs1u9ivVnegA
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Electronic beam steering:

Outwards-moving concentric circles 4 — 16 mm @
42° C Hyperthermia WIP for drug delivery

For details see:
M. Kohler et al., Med.Phys. 36 (8),3521, August 2009

Profound (Philips) Sonalleve MRI HiFU % A

INSTITUTE OF MEDICAL SCIENCE 6 TECHNOLOGY

Length (mm) Volume (ml)

4
8
12
16

10
20
30
40

0.1
0.6
2.3
5.4




THE EXABLATE SYSTEM - ENDORECTAL THERAPEUTIC APPROACH

Integrated tracking Prostate
coils for computerized
spatial localization

Balloon filled with Rectal wall
degassed, cold
circulating water

990 elements
transducer

S

Robotic positioning of a transducer with <900!! elements




FUS Spot Types

Single Spot Multiple Spots

Axial T2w images

15



Macro FUS Spots Overlap

Multiple spots are added
and performed slice by
slice of the MR Image

=a6.8 A28.5 139.1

Distance between Axial
slices is 3mm

Multiple spot “thickness”
can reach 10mm

The overlap is established
for complete ablation

40mm

Coronal T2w image I 40mm

16
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Trans Urethral MR guided
ICCAS e Ultrasound Ablation

08:32 min

www.youtube.com/watch?v=Wyy5jLOi8ac



https://www.youtube.com/watch?v=Wyy5jLOi8ac

ULTRASOUND — PROSTATE ABLATION FROM THE INSIDE OUT

Whole Gland Ablation \

Endorectal Cooling Device (ECD)




ULTRASOUND — TARGETED ABLATION

Partial Gland Ablation

/
Urethra—
(i

)

Neurovascular
bundles
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MRI-Guided HiIFU Treatment Work Flow 60-90 min

Parameter

adjustments
based on real-
- time MRI
) dl thermometry
\ \/ TN B PayonF 4 & 3 Precise \ I
B\ & T T L Ultrasound gl -
Ny S~ T R Energy _—— & y
Delivery d |
MRI Guided Device MRI Treatment Planning R BAL:_torTI:atdeq, Confirmation of Ablation
Positioning obotically driven, Margin with MRI

Adaptive Therapy Delivery

1. Controlled algorithm
2. Target temp 57° C
3. Ablation in 1-2 cc/min



TRANSURETHRAL MR GUIDED US ABLATION

Magnetic Resonance Thermal Mapping

Salvage Therapy _ _
Whole Gland Targeted Post Radiation Benign Prostate Hyperplasia (BPH)

Ablation Ablation Therapy Failure

3 PATIENT TREATED IN OPHILISP PET MR AT
ONCORAY IN DRESDEN PARTNER OF SONO-RAY
PROJERCT
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4D MR organ tracking FUS Beam Forming
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Trans|F U (S |(N\(O IMSAT

FUSIMO MRI-FUS Model in Moving Organs

Ultrasound pressure _ Temperature
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MRgFUS mediated targeted drug delivery (Yo

ration

Nanoporation, 2.5m €, ranked first out of 148, Success Story
FP7 IAPP EU Project, University Dundee, InSightec and Capsutec (Israel)

Liposomes, Cyclodextrine polymer carriers, micro-bubbles

Cancer Cell

/ No release

of drug

Joumal of Comfmolled Redegse 170 (3012) 216-224

Contents lists available at SciVerse Sciencelirect
ﬁ Journal of Controlled Release

journal homepage: www.elsevier.com /locate/jeconrel a

outside the

US beam.
Ultrasound-mediated targeted drug delivery with a novel @M* I rt
cyclodextrin-based drug carrier by mechanical and ne
thermal mechanisms remnant
Dana Gourevich ™*, Osnat Dogadkin **, Alexander Volovick **, Lijun Wang*, Jallal Gnaim ®, 1 1
Sandy Cochran®, Andreas Melzer * carriers '!‘I""
ot 4 e o e L B P et 1600, be extracted
© beshituie joor Medicml Soiemce gl Techendogy, Unshersity of Dumder, 1 Waorchary Lvas, Dumdes OOF WD) LK L via ‘I:h,E
ARTICLE INFO ABSTRACT i kd

idneys or

Argicie kduinay: Various mechanime for ultrasound-meadisted targeted drug delivery have besn investigated in the st "
Recerved 25 Jamury 2013 several decsdes. Cyclodesdring are abrexly known for their ability to encapmulste various drugs in fheir — — dIES{]lU‘Ed
Acrepted 19 May 013 lipophilic cavity; this paper repants evaluation of the patential of a cyclodextrin-hased nanocarter a5 a
Joralable omline 11 juns 2013 drug delivery vehide, using cel] manalayers in vitra in conjunction with ultrasound 25 the release mechanism.
o I it o et 1 e ol el it et e s e Targeted Drug Delivery
Cydadersin in the cyclode trin-based carrier were investigaied, exanining individually the thenmal and the medanial
Dhoonubicin effects of foused ultrasound for drug relexe Exploiting mechanical effects, the uptake of encapsulated
Dy, dedreery doxaombicin into cancer cells was increased by a fagtor of up to 5.5 when ultrasound was applied. Thermal
Hypenherma application of FLE i nereamed ithe celhular uptse ol encapulsied doxondicn by a fadorofup to D6 Hypethem iz
AT without focused wl trasound resulted in anincress by 2 Bator ol up o 57

© 201 3 EEevier BV, All rights reserved.
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Micro-bubbles for enhanced drug delivery _
(P.Prentice & B.Gerold: IMSaT Dundee) Sonoporation

FUS mediated Drug delivery

(Y,
ération

10 microns

optically trap.ped SOWOV”e micro-bubble Cells ‘micro-syringed’ by jets from collapsing
demonstrating ovarian cell membrane bubbles. AEM Brucker “life scan”

perforation in 1 Mhz focused Ultrasound beam
movie at 1.7 million fps , 400x

Nature Science 2005 & APL 2012
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Monitoring FUS Effects
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LOCAL TUMOR CONTROL by MRgFUS & PET monitoring

Investigative Radiology * Volume 48, Number 6, June 2013

Pre-Treatment Posg-Treatment

1 - M, 53 yr.

G N e
o g‘f . ‘a"-{ ": Metastatic
AP « g N, Q Prostate Ca

M bl INSIGHTEC

court. Alessandro Napoli I%{rﬁ SAPIENIZA




“Future development: PET& Mulfiparametric MR
guided Biopsy and FUS

PSMA Localising and monitoring Tumor Metabolism.for MRgFUS Ablation, RT and Drug delivery
Dept NUK B Sattler, Purz, Barthel, O Sabri, Jochimsen - Urology JU Stolzenburg, Dept Radiology,
JO Petersen, Bailis, T Denecke

Multiparametric imaging and analysis of

primary prostate cancer using 68 Ga-PSMA
PET/MR Eiber et al Abdom Imaging 2014

INNOMOTION MR Robot in Siemens Biograph 3Tesla PET MR Concept of PET MR guided tumor ablation
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SO N O - RAY 6.3 m Euro BMF Project ICCAS Leipzig and OncoRay Dresden

+ Support Radiation Therapy by Focused Ultrasound FUS RT

SONQOQ-RAY
i,

Principle of MRguided robotic assisted

focused ultrasound ablation and hyperthermia

| C G S https://www.youtube.com/watch?v=GSegl5MlySs#action=share
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PET MR Intervention Setup, NUK UKL Leipzig

UNIVERSITAT LEIPZIG



PET MR Intervention Setup, NUK UKL Leipzig

* Wired/wireless network connection in MR
room

« Qutput devices in MR room
* Projector/Screen
« Tablet
« (Monitor)

* Input devices in MR room _\
* Keyboard D)
« Mouse N
 Pedal 0 mounged
« Tablet
« Headphones

- Enabeling MR control from inside MR

room
Tablet

Control room

ion via

Screen

Fq

Headphones

Keyboard/Trackpad/Mouse
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Universitatsklinikum
Leipzig
Anstalt 8ffentlichen Rechts

Conclusion: Effect on Cells/tissue by FUS Application

Degree of
Electric Electroporation
Field
Thermal
~1kV/cm
- *"  Destruction of
Irreversible ‘ cell membrane
ve— Permeabilized
~50V/cm Reversible cell membrane

Exposure of cell to
electric field

~100us ~20ms



Universitatsklinikum
%Leipzig
Anstalt &ffentlichen Rechts
Conclusion: Effect on Cells/tissue by FUS Application

Degree of
Electroporation

Electric
Field

Focused Ultrasound

covers all degrees of R
. W [
therapeutic effects Q?)J/ -
e Permeabilized
( ® ,) ceelrlr;eeamlblrzene

Exposure of cell to
+ ¢ )== electric field

~100us ~20ms
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