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MR-guided focused ultrasound surgery (MRgFUS):

B non-invasive treatment approach for symptomatic uterine fibroids

B high-intensity ultrasound beam

B MR-guidance

B Experience since 2008

B More than 300 treatments with ExAblate 2000 until 11/2010

B More than 300 treatments with ExAblate 2100/ONE since 11/2010
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Background FUS
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June 2008 - October 2010: MRgFUS system
| ExAblate 2000, InSightec, Haifa, Israel
| 1.5T GE Signa (General Electric Healthcare,
Milwaukee, WI, USA)
November 2010:
| ExAblate 2100, InSightec, Haifa, Israel
| 1.5T GE Signa (General Electric Healthcare,
Milwaukee, WI, USA)
Since September 2012:
B  ExAblate O.R., InSightec, Haifa, Israel
| 1.5T GE Signa (General Electric Healthcare,
Milwaukee, WI, USA)

3 08.12.2012 M. Matzko



Options for fibroid therapy: Growing invasiveness

Sit and Wait Drugs UAE Myomectomy Hysterectomy

MRgFUS




What is MR guided Focused Ultrasound?

Combination of:
Focused Ultrasound (Therapeutic, not diagnostic)
MRI for closed loop guidance and control

Focused Ultrasound has an effect similar to a magnifying
glass used to focus the sun’s energy on a single point.



Vorführender
Präsentationsnotizen
MR is critical for treatment planning and for real time thermal mapping of the treatment area and surrounding healthy tissue.  Near real time monitoring allows the clinician to monitor treatment – ensuring ablation of the the targeted tissue and condition of surrounding tissue.  

Focused ultrasound uses ultrasound energy,similar to that used in diagnostic imaging. When focused to deliver energy to a single point in the body, the intensity is higher and the temperature at the focal point rises to 60-80 degrees C, high enough to ablate the tissue. The focusing ensures that the energy density will be only at the focal point and low at other locations, and thus will not impact other tissues.
This animation shows the patient lying prone on the patient table entering the MR, with the transducer producing focused ultrasound beams, and its automated positioner correctly reaching each targeted spot. 
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Non Perfused Volume- predictor of success HiE
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Most important predicting factor for treatment durability is
immediate post-treatment non-perfused volume (NPV)
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NPV and durability FUS
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The higher the NPV - the greater the symptom improvement
The greater the NPV- the lower the likelihood of alternative treatments
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60% NPV results in alternative treatment rate similar to
those of other uterine-sparing treatments

Stewart EA et al. Sustained relief of leiomyoma symptoms by using focused ultrasound
surgery. Obstet Gynecol 2007; 110: 279-287.



Constraints limiting treatments FUS
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Several anatomical and technical system constraints have prevented

physicians from obtaining high NPV's:

- Long cooling durations to avoid heating sensitive structures
-l Bowel loops, scars and other sensitive organs in beam path
1 Patient movement- requiring re-planning of treatment

- Manual physician interventions (planning, editing, checking)




New ExAblate O.R. features to improve NPV, patient

suitability b0
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) Long cooling durations to avoid heating sensitive structures
Transducer elevation and improved focus

1 Bowel loops, scars and other sensitive organs in beam path
Selective element disabling (beam shaping)

) Patient movement- requiring re-planning of treatment

Automatic Movement Detection and re-planning of remaining
volume

1 Manual physician interventions (planning, editing, checking)
Automatic 3D treatment planning
Optimized treatment modalities, spot sizes and ordering

Streamlined workflow and fewer stages




Transducer Elevation

FUS

Ability to move transducer up close to skin and within 4 cm
of abdominal wall

-] Dramatically reduces the energy density on skin,
near field, far field and sensitive structures

- Improves focus and maximal focal depth

) Reduces need for long cooling durations

Energy Densities

161.0mm
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100mm b
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Vorführender
Präsentationsnotizen
Several benefits to the fifth degree of freedom: 1) reduced energy in the near and far field, which reduces potentially skin burns .
When do you use this feature. When we are close to mylar. When we need to tilt the transducer to avoid passing through sacral nerve or intestines (bowel) then the transducer will move down.


Acoustic Beam Shaping FUS
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Anatomic “window” selectively disables elements and stops energy delivery
to sensitive areas

) Shapes the beam to conform to the anatomy

) Avoids sensitive zones with no pass regions (NPR)
] Treats fibroids located behind bowel and/or pubic bone

Increased safety and patient selection

8 Axial views with elements cut off where bowel, marked by NPR
Sagittal view: Energy beam path with (No pass region)
elements closed to prevent bowels (NPR)
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Vorführender
Präsentationsnotizen
We can close up to 25% of the total area of the transducer elements.


Automatic 3D Volumetric Treatment Plannifs=
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Physician draws the ROT (region of treatment)
and the system automatically plans the 3D
volumetric treatment

) Variety of spot sizes fill entire targeted volume

- Conformal 3D spot packing maximizes
treatment volume

1 Spot order optimizes treatment time

- Additional techniques optimize safety and
efficacy parameters (LEDR, beam shaping etc)

Automatic treatment planning with various spot
sizes and LEDRSs. Yellow spots indicate treatment

close to sensitive area, red spots not treatable.



Vorführender
Präsentationsnotizen
Automatic 3D treatment planning: Automatically arranges spots to cover maximum targeted volume in minimal treatment time, while optimizing treatment planning, including. Al the physician Spot types
Spot shapes
LEDRs
Transducer aperture
Transducer height
Interleave mode 
Automatic tilt
:




Three treatment modes
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3 treatment modes for speedy treatment and maximizing NPV

d Single (Interleaved)
Treating one spot at a time, optimizing cooling
time

d Clustering
Treating a group of adjacent spots at one time,
to enhance the thermal effect and reduce
number of iterations between sonications

d Optimal
Combines the two methods: interleaving
between
single spots first and then clustering the rest
of spots into groups to maximize the treated
volume in minimum time

Automatic planner treats the most efficient
spots first, interleaving between single spots,
and then selects spots to cluster.




Automatic movement detection
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System automatically identifies movement by changing color of fiducials

L . _
Before the movement
(Red fiducial markers)

After the movement
(Blue fiducial markers)




Automatic Replan of Remaining Treatmep Fus

509%0 cases of patient movement el et

- Automatic detection of patient movement

- Incremental treatment plan automatically generated, based on accumulated
thermal dose already treated

) Results in significant time savings no need to replan the entire treatment and
no retreating previously treated areas

I

.

Before movement After movement New incremental plan
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Vorführender
Präsentationsnotizen
This is a new feature as part of UF2 and can lead to significant time savings. Over 50% of treatments experience some movement which requires replanning. In UF1 this can take up to an addiitonal 45 mintues. With US 2 it takes only to acquire new planning images and some drawing, which is a total of 20 minutes extra, instead of 45 mintues. 


ExAblate

(Gexnticnsor

Number of fibroids

3.2+3.0 (1 -10)

2.2+2.0(1-11)

Total fibroid volume 227 £192 mL (8 - 719 5.4 (Avg) cm
mL) (2.0-10.8 cm)
Number of sonications 86 + 34 60.59 (Avg)
(40-105)
Number of fibroids 22+19((1-7) Single (31%), 2-4
treated (33%),
>5 (36%)

Non-perfused volume
NPV

59.1£19.0%
(34.8 - 100%)

86.7 % (38 - 100%)




ExAblate O.R.: Improved outcomes [FIE
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ExAblate® O.R.

EXAblO.te 2nd Investent @A @0 R

Average NPV
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M Matzko, Amper Clinic, Germany
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Need for Alternative @ 12 mo @ 24 mo References
Treatment

Myomectomy 10.6% 13% - 16.5% [1,2,3,4
UAE 7% - 10% 12.7% - 23.7% | 5,6,7
(Uterine Artery
Embolization)
ExAblate using MRgFUS 6% 13% 8
NPV >60% (NPV=60%) (NPV=60%)

Using former Using former

version version

References

Subramanian S, Clark MA, Isaacson K. Outcome and resource use associated with myomectomy. Obs & Gyn.2001; 98: 583-587

Nezhat FR, Roemisch M, et al. Recurrence rate after laparoscopic myomectomy. Am Assoc Gynecol Laparosc. 1998,5: 237-240

Rossseti et al. Long term results of laparoscopic myomectomy: recurrence rate in comparison with abdominal myomectomy. Hum Reprod.
2001:16:770-774

Doridot et al. Recurrence of leiomyomata after laparoscopic myomectomy. J Am Assoc Gynecol Laparosc. 2001,;8: 495-500

Spies JB, Bruno J, et al. Long-term outcome of uterine artery embolization of leiomyomata. Obstet Gynecol. 2005; 106: 933-939

Goodwin SC, Spies JB, et al. Uterine artery embolization for treatment of leiomyomata: long-term outcomes from FIBROID registry. Obstet &
Gynecol. 2008; 111: 22-32
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990-1003
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Improved NPV over time

FUS

Study results show that:

MRgFUS durability equivalent to other
accepted leiomyoma treatments

Incidence of serious adverse events after
MRgFUS is low and appears to decrease
with increasing physician experience

MRgFUS compares favorably with other
alternatives to hysterectomy including
abdominal and laparoscopic myomectomy
and uterine artery embolization (UAE)

MNPV percentage
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Non-perfused volume (NPV) eveolution

80.0% -
80.0% -

T0.0% -

60.0% -
20.0% -
40.0% -
30.0% -
20.0% -
10.0% -

2006 2008 2010
Years

* References: FElizabeth A. Stewart M.D., et al Focused Ultrasound Surgery of Uterine Leiomyomas Provides Sustained Relief of Leiomyoma Symptoms,
Obstetri€s-& Gynecology Aug 1, 2007; 110 (2) ; Okada et al. Ultrasound in Obstet Gynecol 2009-Av. NPV ratio 46.6% (N=287) Leblang et al. AJR 2010-----Av. NPV ratio

55% (N=80). Matzko & Trumm, 2nd MRgFUS Symposium 2010-----Av. NPV ratio 59.1% (N=41)


Vorführender
Präsentationsnotizen
This slide compares different treatment options and lays them out according to how invasive they are.
Drug therapy (GnRH agonist) is a temporary measure that significantly reduces the fibroid size, but only for the duration of the regimen. It cannot be taken for more than 3 months at a time, and the fibroid then commonly rebounds to at least its original size and symptoms.



Post-MRgFUS Pregnancies
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Total number of pregnancies
Mean age

Age range

Average months to conception

Total deliveries
- Of them vaginal

Elective pregnancy termination
Spontaneous abortions
Ongoing pregnancies
Unknown

Average baby weight at term delivery

109
36.1
27 - 49
8.8

54% (59)
63%

9% (10)
20% (22)
8% (9)
8% (9)

3.27 kg

Data from Bouwsma et al. Yoon et al. Rabinovici et al. Morita et al. Hanstede et al. Gavrilova-Jordan et al.

Rabinovici et al. and per reported to InSightec



Increasing benefits for women’s health FUS
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Improved efficacy:
B Ability to increase treatment volume for enhanced clinical results
B To expect: Better long-term results, reduced alternative tx
Broader selection of patients
B Improved ability to treat patients with large and vascular fibroids
B Ability to sculpture the beam around obstacles
B CE approval to treat Adenomyosis patients
Reduced treatment time
B 3D Automatic treatment planner
B Elongated sonications of up to 70mm
Superior ergonomics for patient and physician
B Improved design for better patient comfort
B Streamlined interface

08.12.2012 M. Matzko



Clinical Case FUS
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Patient age: 40 years old

Symptoms: Heavy menstrual bleeding, blood clots
and pain.

Fibroids Intensity: Hypo/Iso-intense with bright portion on T2w Images
Results: 100 % NPV with no adverse effects

) :" " -

) 3 .

"
!
\ ol
& ' '

A . ‘”— q

Sagittal T1w+c Sagittal T2w Sagittal Tilw+c

Pre-Treatment Post treatment


Vorführender
Präsentationsnotizen
Important point: 5 degrees of freedom enable us to improve the focus ( got transducer closer to skin line) so there was more energy density on the focus, needed to treat hyperintese areas, which are more vascular. 


Clinical Case FUS
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Patient age: 43 years old

Symptoms: Pressure feeling on bladder
and heavy pain.

Fibroids Intensity: Hypo/Iso-intense with bright portion on T2w Images
Results: 100 % NPV with no adverse effects

4

@

Sagittal T1w+c
Pre-Treatment

Sagittal Tilw+c

Sagittal T2w Post treatment


Vorführender
Präsentationsnotizen
Important point: 5 degrees of freedom enable us to improve the focus ( got transducer closer to skin line) so there was more energy density on the focus, needed to treat hyperintese areas, which are more vascular. 


Clinical Case

Patient age: 45 years old 5 axis motion increased

Fibroids volume: 140cc energy density in focus-
Symptoms: Heavy menstrual bleeding, blood clots allowed treatment of
and pain. Hyper Intense areas.

Fibroids Intensity: Iso-intense with bright portion on T2w Images
Sonication time: 180 minutes

Results: 75% NPV with no adverse effects

. /

Sagittal T1w+c

. Sagittal Tilw+c
Pre-Treatment SEfagEl] vy

Post treatment

Courtesy of Inbar Y. M.D., Sheba Medical Center, Israel



Vorführender
Präsentationsnotizen
Important point: 5 degrees of freedom enable us to improve the focus ( got transducer closer to skin line) so there was more energy density on the focus, needed to treat hyperintese areas, which are more vascular. 


Clinical Case- Proximity to Bowel and Sacrum

Patient age: 48 years old

Fibroids volume: 240cc

Fibroids Intensity: Iso-intense on T2w Images
Symptoms: Heavy menstrual bleeding and bulging belly.

Sonication time: 180min

Results: 91% NPV with no adverse effects

Sagittal T1w+contrast Sagittal T2w
Pre-Treatment

Beam shaping allowed
treatment close to
sensitive organs and
reaching the fibroid’s
superior portion

Sagittal Tiw+c
Post treatment

Courtesy of Inbar Y. M.D., Sheba Medical Center, Israel l ” Si g h [ B D

Bringing therapy into focus



Vorführender
Präsentationsnotizen
Due to the bowel in the upper corner of the fibroid, it was necessary to shape the energy beam (by closing elements) to avoid passing through these sensitive structures, but still treat the upper portion of the fibroid.
We don’t believe that Philips has this capabiity.


Clinical Case- Hypo-intense Fibroids

Patient age: 45 years old
< v e No-pass zone LEDR- to

Fibroids volume: 120cc avoid sonicating through a
transverse large scar-
tilting and aperture
Symptoms: Frequent urination e Sonications through the

2 yrs post-myomectomy with large scar scar- with transducer up

Sonication time: 193 min and without tilt- low _
energy density on the skin

Fibroids Intensity: Hypo-intense on T2w Images

Results: 83% NPV with no adverse effects

Sagittal Tlw+c pre tx Sagittal T2w pre tx Sagittal Tiw+c post tx

Courtesy of Inbar Y. M.D., Sheba Medical Center, Israel l ” Si g h [ B @

Bringing therapy into focus



Vorführender
Präsentationsnotizen
Since the scar was relatively small ( insignificant) the ability to elevate the transducer and to reduce the energy density on the scar was used to pass directly through the scar ( with lower energy) 


Clinical Case - Scar in Beam Path

Patient age: 43 years old
Fibroids volume: 50cc with large scar in beam path

Symptoms: Heavy menstrual bleeding, blood clots
and fluctuations in menstrual cycle.

Treatment time: 55 minutes

Results: 90% NPV with no adverse effects

Aperture control and 5
axis motion enabled
safe and effective
treatment through the
scar

Axial T2w Axial T1+contrast
Pre-treatment Post treatment

Sagittal T2w
Post treatment

Courtesy of Inbar Y. M.D., Sheba Medical Center, Israel l ” SI- g h [_ B D

Bringing therapy into focus



Vorführender
Präsentationsnotizen
 5 axes motion enable us to reduce the amount  of energy density on the skin and therefore sonicate through the scar. By closing aperture we were able to treat the part of the fibroid near the bowel.(upper part of the fibroid),


Clinical Case

Patient age: 28 years old

Fibroids volume: 200cc hyper-intense

Ability to perform
effective treatment for
hyper-intense fibroid,

Symptoms: Heavy menstrual bleeding, blood clots, due to increased energy
fluctuations in menstrual cycle, and tight feeling in pelvic density in focus
area

Treatment time: 3 hours

Results: 80% NPV with no
adverse effects

Coronal T2w Coronal T1+c Post treatment

Courtesy of COGP, Moscow, Russia / ”S igh t B 02

Bringing therapy into focus



Vorführender
Präsentationsnotizen
Wonderful case of heterogeneous fibroid showing how we have expanded the patient suitability.


Clinical Case

Patient age: 47 years old

Fibroids volume: 130cc

Symptoms: Heavy menstrual bleeding, blood clots
and fluctuations in menstrual cycle.

Treatment time: 1 hour,
40 minutes

Results: 90% NPV with no
adverse effects

Courtesy of COGP, Moscow, Russia

Ability to perform fast
and effective treatment
with complete ablation
of fibroid in 1.4 hours

Sagittal T2w Sagittal T1+c Post treatment




Clinical Case - Post MRgFUS pregnancy

§agitta| T_2-weighted MR MEFER

[A

(A) Before treatment shows two major

fibroids (F1 and F2) which caused an Fl
S-shaped configuration of the

endometrial cavity (EC)

(C) One year after treatment with
MRgFUS both F1 and F2 have

decreased in size, although F1 P
decreased more. “

o~ gt

NOTE: the repositioning of the C
endometrial cavity, due to F1

shrinkage. The endometrial cavity can

now be visualized in its entirety in the

e
same plane. -
‘\'\'-:
.):
F2 |§1', -

Courtesy of COGP, Moscow, Russia



Vorführender
Präsentationsnotizen
While the link between uterine fibroids and infertility isn't fully understood, many women with uterine fibroids and infertility give birth to healthy babies after having their fibroids surgically removed (Myomectomy).  The non-invasive ExAblate system precisely targets fibroid tissue without causing damage or scarring to the surrounding healthy tissue, suggesting that it may be a safe approach for women with fibroids who want to preserve their fertility.
Accumulating clinical evidence shows that women have been able to conceive and successfully deliver babies after undergoing ExAblate treatment for their uterine fibroids. To date, 17 women delivered healthy infants at term without complications and with an average of seven and a half pounds birth weight. Ten women delivered vaginally and seven delivered by caesarean section. No treatment-related adverse events were reported in those earlier cases.� 
In May 2008, the FDA cleared the company to conduct a clinical trial to evaluate the efficacy and safety of the ExAblate utilizing MRgFUS for the enhancement of fertility in women with non-hysteroscopically resectable uterine fibroids who are diagnosed with unexplained infertility. This trial is ongoing.




Pregnancy after MRgFUS

39 yo. Nulligravida.

Treated July 2008:
Intramural 16 cc- 40 sonic.- NPV: 95%

Subserosal 8cc- 8 sonic.- NPV: 40%
1st pregnancy: 4 months after treatment. CS at 41 weeks due to previous myoma.

Baby weight: 3800 g.
2nd pregnancy: 2.5 years after treatment. CS at 39 weeks due to face presentation.

Baby weight 3430 g.
Y 9 9 Courtesy of H. Millan, MD, Instituto Cartuja, Seville, Spain

InSightec =>>

Bringing therapy info focus



Vorführender
Präsentationsnotizen
The patient had undergone a previous myomectomy, and underwent MRgFUS after 2 years of infertility.
Two fibroids were treated with MRgFUS resulting in high NPV.  The patient got pregnant and delivered 2 babies – first 4 months after MRgFUS and the other 2.5 years after the treatment.  She delivered by C section due to issues related to the previous myomectomy


Pregnancy after MRgFUS

. )
4 '

s~ ot

41 yo. Nulligravida. (the last one with oocytes from donor)
Previous myomectomy

Treated September 2010:
Intramural 130 cc-70 sonic.-NPV 80%
Pregnancy: 7 months after treatment (frozen embryo transference)

Courtesy of H. Millan, MD, Instituto Cartuja, Seville, Spain



Vorführender
Präsentationsnotizen
The patient underwent a previous myomectomy and 3 cycles of IVF without success.�She got pregnant 7 months after MRgFUS with frozen embryo transfer.  The patient is still pregnant with no complications.



Adenomyosis

e 40 patients reached 12 months follow
up with significant symptoms
improvement which is consistent after
the treatment and during the follow up
(P<0.01).

e High safety profile, and no serious
adverse events.

Symptoms severity score change in adenomyosis patient (N=40)

5 mm
T2-w MR image T1-w MR image immediately
Before MRgFUS after MRgFUS showing the
adenomyosis tissue is not
enhancing

Mean QOL During Follow-Up

Months posttreatment

=4—Basline uterus<350 cc (n=23)
—#—Basline uterus>350 cc (n=24)

Graph shows Symptom Severity Score data of 40 treated
patients at 12 months follow-up

Published paper: Fukunishi H, Funaki K, Sawada K, Yamaguchi K, Maeda
T, Kaji Y. Early Results of Magnetic Resonance Imaging-guided Focused
Ultrasound Surgery of Adenomyosis : Analysis of 20 Cases, JMIG, 2008.

QOL [0-100]



Clinical Case: Adenomyosis

Patient age: 39 years old
Adenomyosis and tiny fibroid
Symptoms- menometrorrhagia
Sonication time: 160min
Results:

FocalAD NPV 79%

Tiny fibroid NPV 100%.

Courtesy of Inbar Y. M.D., Sheba Medical Center, Israel
Before After

InSightec =>>

Bringing therapy into focus
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