US 20150305821A1

a9y United States

12) Patent Application Publication o) Pub. No.: US 2015/0305821 A1

LACOSTE et al. 43) Pub. Date: Oct, 29, 2015
(54) IMAGE-GUIDED THERAPEUTIC AGIB 5/0295 (2006.01)
APPARATUS AND METHOD OF A6IB 18/12 (2006.01)
PREPARATION OF AN IMAGE-GUIDED AGIB 18/02 (2006.01)
THERAPEUTIC APPRATUS FOR A6IB 18/18 (2006.01)
TREATMENT OF TISSUE AGIB 18720 (2006.01)
AG6IN 7/02 (2006.01)
(71) Applicant: Theraclion SA, Malakoff (FR) A61B 5/00 (2006.01)
. ) (52) US.CL
(72) Inventors: Francois LACOSTE, Gentilly (FR); CPC . A61B 19/50 (2013.01); AGIN 7/62 (2013.01);
Sylvain YON, Bagneux (FR); Thierry AGIB 6/00 (2013.01); AG1B 8/00 (2013.01);
PECHOUX, Paris (FR) AG61B 5/055 (2013.01); A61B 5/0059
(2013.01); A61B 18/12 (2013.01); A61B 18/02
(1) Appl.No:  14/654,585 (2013.01); A61B 18/1815 (2013.01); A61B
_ 18/20 (2013.01); A61B 5/4836 (2013.01);
(22) PCTFiled:  Dec. 20,2013 AG61B 19/5225 (2013.01); AGIB 5/0295
. (2013.01); A61B 5/748 (2013.01); A61B
(86) PCT No.: PCT/EP2013/077805 2018/00563 (2013.01)
§371 (e)(1),
(2) Date: Jun. 22, 2015 (57) ABSTRACT
(30) Foreign Application Priority Data An image.-guided therapeutic apparatus (1) comprises a treat-
ment device (2), preferably a HIFU transducer, for treating
Dec. 28,2012 (EP) oo 12199678.9  tissue, at least one imaging device (3) for guidance of a
treatment, a mechanism for providing an image (4), a display
Publication Classification (5) for displaying an image and planning mechanism (6) for
planning a treatment. The planning mechanism (6) is adapted
(51) Imt.CL to create a lesion representation (9) of a lesion that will be
A61B 19/00 (2006.01) created in tissue on the image (7) and to overlay the lesion
A61B 6/00 (2006.01) representation (9) over the image (7). The size and/or shape
A61B 8/00 (2006.01) and/or position of the lesion representation (9) is changeable,
A61B 5/055 (2006.01) in particular, depending on the characteristics of the tissue.




Patent Application Publication  Oct. 29, 2015 Sheet 1 of 6 US 2015/0305821 A1

-
N
:\v
kN
\
v\
N "
3
)J
>
‘!’.
________ - :
o de
¥
:
[1e) i
;
A
} : A
4 : <
: )
3 A A
v i
1 : LE
oy
" ¥
4
¥ ¥

SRS |




US 2015/0305821 A1

Oct. 29,2015 Sheet2 of 6

Patent Application Publication

. .\\.\.\\\\\
\ : \\..\\\\M\“\

2 L Z

.

e
&
a;\
%
m vf\f(\,.w.r-
NN _
5, 7
., 7 “\\\\ﬁ\\\\\
", \.vw\\u“\
S 7 o
-~ \\\\ i -

‘ s A e 7 s \\\\\\\\\\x\\\ ‘
7 ok s
o \\\\\\ . %& .. a
\\\\“w\\\\ Z
oL

o . -
-~ - \\\\\ \N

7

7 \\\\\\\\

\“
- .



US 2015/0305821 A1

Oct. 29,2015 Sheet3 of 6

Patent Application Publication




Patent Application Publication

e

Oct. 29,2015 Sheet4 of 6

03
o
£y

H
N
$
H
H
3
3
N
1
H
H
H
L
i
H
N
H

=
NG
- k) M
oo

i) BUUTOA LD
gl bro |

US 2015/0305821 A1

Fig. 48



US 2015/0305821 A1

Oct. 29,2015 SheetSof 6

Patent Application Publication

b \.“.““.wN w\\ss o *A\\nﬂﬂwnwﬂwm.\ﬂ..\n\ o -
o \\W\\\\\\W\%\\\\\\\N\N\W\N\M&M\W\

7

7

\ .

- \\\\\ \N\\m\\\\\\\ -
.

7

.
. .

\
2
77
.
77
.
7

.
S




Patent Application Publication  Oct. 29, 2015 Sheet 6 of 6 US 2015/0305821 A1

Fig. 5




US 2015/0305821 Al

IMAGE-GUIDED THERAPEUTIC
APPARATUS AND METHOD OF
PREPARATION OF AN IMAGE-GUIDED
THERAPEUTIC APPRATUS FOR
TREATMENT OF TISSUE

[0001] The present invention relates to an image-guided
therapeutic apparatus and a method of preparation of an
image-guided therapeutic apparatus for treatment of tissue
according to the independent claims.

[0002] It is generally known to treat tissue non-invasively
or minimal-invasively by high-intensity focussed ultrasound
(HIFU) or radio-frequency ablation systems (RFA) or by
cryotherapeutic devices or by laser or by microwave. Clinical
procedures are typically performed in conjunction with an
imaging procedure to enable treatment planning and targeting
before applying a therapeutic or ablative level of energy to the
tissue.

[0003] InUS2012/0150035 a method and an apparatus for
selective treatment of tissue is disclosed. Before actual treat-
ment an image of the treatment area is provided and the tissue
is segmented into components. Depending on the tissue com-
ponent areas are treated or are excluded from treatment. Such
asystemis not able to properly treat all areas within the region
of interest of the image. In particular, the effect of the HIFU
treatment may be smaller than anticipated.

[0004] It is an object of the present invention to avoid the
disadvantages of the prior art and in particular to create an
apparatus and a method enabling an optimized treatment
planning within a region of interest of treatment of tissue.
[0005] Theobjectis achieved by an apparatus and a method
according to the independent claims.

[0006] In particular, the object is achieved by an image-
guided therapeutic apparatus comprising a treatment device,
preferably a HIFU-transducer, for treating tissue and at least
one imaging device for guidance of a treatment. Furthermore,
the apparatus comprises means for providing an image of a
region to be treated and a display for displaying this image.
Additionally, the apparatus comprises planning means for
planning a treatment, wherein the planning means is adapted
to create a virtual lesion representation of a lesion that will be
created in tissue on this image and to overlay said lesion
representation over said image. Characteristics of the lesion
representation such as the size and/or the shape and/or the
position of the lesion representation are changeable, in par-
ticular in dependence on the characteristics of the tissue.
[0007] Such an apparatus is able to adapt the lesion repre-
sentation to the characteristics of the tissue and thereby treat
different areas or types of tissues optimally. Hence, the appa-
ratus becomes more efficient and safe.

[0008] The image on the display can be provided by an
imaging device, such as the imaging device for guidance of
the treatment or by any imaging device used in advance of the
planning.

[0009] A lesion representation according to the invention is
a virtual optical representation of the lesion that will be cre-
ated by the treatment device.

[0010] The planning means can comprise a manual adjust-
ing unit usable by an operator for changing the characteristics
of the lesion representation.

[0011] A manual adjusting unit enables the operator to
change the characteristics such as the size and/or the shape
and/or the position of the lesion representation based on the
image and the experience and/or knowledge of the operator.
The treatment is thereby optimized and adapted to the actual
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region to be treated. In particular, differences in treatment
between healthy and cancerous bone tissue or between dif-
ferent types of tissue can be made.

[0012] The planning means can also comprise an automatic
image analysis unit to define and/or change and/or adapt the
lesion representation of the treatment, preferably of the
HIFU-treatment, preferably in dependence on the character-
istics of the tissue.

[0013] An automatic image analysis unit enables a fast and
reliable determination of a lesion representation depending
on the tissue within the image. The automatic image analysis
unit can comprise image analysis software and preferably
further prestored data on tissue detected.

[0014] The image analysis unit can determine the location
of tissue and its characteristics such as its probable energy
absorption, such as acoustic absorption coefficient or thermal
conductivity. The tissue characteristics could also comprise
its stiffness, which can be assessed by elastography. The
tissue characteristics could also comprise the presence of
blood vessels, which can be assessed by Doppler imaging or
by contrast enhanced ultrasonography (CEUS). Those values
are used to size and position the lesion representation as close
as possible to the predicted lesion thus helping optimize the
treatment. A threshold function could be used to determine
that a specific area of the image corresponds to a specific
tissue type such as bone or blood vessel.

[0015] The apparatus can further be designed to allow a
segmentation of tissue.

[0016] A segmentation of tissue is the fragmentation of the
acquired image into image areas representing specific tissue
types or organs, such as bone, skin, blood or vessels or glan-
dular tissue or healthy and cancerous tissue. By such segmen-
tation a clear allocation of tissue characteristics to specific
image areas and a specific lesion representation for different
areas becomes possible. Based on the specific lesion repre-
sentation a specific treatment for those different areas also
becomes possible.

[0017] The apparatus can be adapted to link the lesion
representation created by the planning means with treatment
characteristics, wherein the treatment characteristics com-
prise at least one of

[0018] power
[0019] pulse length
[0020] acoustic frequency (in case of an acoustic treat-

ment such as HIFU)

[0021] repetition rate
[0022] distance between pulses and position.
[0023] An adaptation of the above mentioned treatment

characteristics enables an optimization of the treatment
parameters based on the lesion representation.

[0024] The characteristics of the tissue can comprise at
least one of

[0025] thermal characteristics

[0026] blood flow

[0027] coefficient of absorption of energy

[0028] tissue type

[0029] volumetric blood perfusion.
[0030] Thermal characteristics can comprise conductivity

or specific heat for example. The coefficient of absorption of
energy comprises for example acoustic absorption coefficient
in case of an HIFU-treatment or electrical resistance or
impedance in case of a radio frequency ablation system.
[0031] The use of those characteristics of the tissue lead to
an optimize treatment result.
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[0032] Theimaging devicecanbe chosen from the group of
[0033] Ultrasound transducer, possibly including Dop-
pler or elastography

[0034] MRI (Magnetic resonance imaging)
[0035] X-Ray scanner
[0036] Optical imaging devices.
[0037] Such an imaging device delivers accurate informa-

tion over the tissue and the tissue types which is needed for
accurate therapy.

[0038] The treatment device can be chosen from the group
of
[0039] HIFU (high intense focus ultrasound) transducer
[0040] RFA (radio frequency ably system)
[0041] Cryotherapeutic device
[0042] Laser
[0043] Microwave ablation system.
[0044] The imaging device and/or the image provided can

be designed to provide an image containing characteristics of
the tissue of interest, such as its stiffness, its blood perfusion,
the presence of dissolved gas or microbubbles.

[0045] The imaging device and/or the image provided can
be designed to provide an image containing three-dimen-
sional data of region of interest.

[0046] The assessment of three-dimensional images leads
to a better accuracy of the treatment.

[0047] Theobjectis further achieved by a method of prepa-
ration of an image-guided therapeutic apparatus for treatment
of tissue, preferably using an apparatus as described before,
comprising the following steps:

[0048] Providing an image of a region of interest
[0049] displaying the image on a display
[0050] analysing the image, preferably on the display, to

detect characteristics of tissue in the region of interest

[0051] overlaying a lesion representation over said
image
[0052] adjusting characteristics of said lesion represen-

tation within said apparatus, in particular based on

detected characteristics of tissue of the analysed image.
[0053] This detection of the characteristics and the analysis
of the image may be done automatically as a computer based
analysis, semi-automatically as a computer assisted analysis
or manually by the operator.
[0054] Such a method leads to a more accurate planning or
a treatment which is better adapted to the tissue to be treated
and by this leads to better treatment results.
[0055] The adjusted lesion representation can be linked
with treatment characteristics comprising at least one of
power and pulse length and acoustic frequency and repetition
rate and distance between pulses and position of a pulse,
preferably a HIFU pulse.
[0056] A link between the adjusted lesion representation
and the treatment characteristics leads to an accurate repro-
duction of the lesion representation in the actual treatment as
lesion.

[0057] The characteristics of the tissue can comprise at
least one of

[0058] thermal characteristics

[0059] blood flow

[0060] coefficient of absorption of energy

[0061] tissue type

[0062] volumetric blood perfusion

[0063] location of a treatment area.

[0064] temperature

[0065] stiffness
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[0066] dissolved gas or microbubbles content
[0067] An adaptation of the lesion representation based on
the above mentioned characteristics of the tissue leads to a
more accurate and safe treatment.
[0068] The image of the region of interest can be taken
before treatment and/or further images can be taken during
treatment. It is in particular possible to use imaging methods
such as e.g. PET, scintigraphy, elastography or to use image
fusion combining the images of different imaging methods to
infer the characteristics of the tissue to be treated.
[0069] The characteristics of the tissue influence the cre-
ated lesions. Based on the tissue the lesion representation is
hence chosen such as to optimally conform to the actually
created lesion.
[0070] An image taken before treatment enables an accu-
rate planning. Images acquired during the treatment enable
the guidance of the treatment but may also allow the adapta-
tion or an ongoing optimization of the planning of the treat-
ment even during the treatment.
[0071] The tissue characteristics can be determined based
on pre-stored data from a memory of the apparatus.
[0072] The tissue characteristics as physical values can be
pre-stored and taken from a memory of'the apparatus as data
based on the image taken in the region of interest. This leads
to an accurate planning and a safe treatment.
[0073] The image of the region of interest can be analysed
automatically by an image analysis program so that the char-
acteristics of the tissue can automatically be determined.
[0074] Theuse of an image analysis program and the auto-
matic determination of the characteristics of the tissue lead to
reproducible and accurate lesion representations and thereby
to a safe and efficient treatment.
[0075] The extent and position of the lesion to be produced
can be determined by means of simulation based on charac-
teristics of tissue and on the treatment characteristics so that
the characteristics of the lesion representation can be prefer-
ably automatically adapted to the results of the simulation.
[0076] A the lesion representation based on the simulation
of a treatment leads to safer and more efficient treatments.
[0077] The simulation can be conducted by a thermal and/
or acoustic simulation program which calculates the size and
shape of the lesion representation from the parameters known
such as tissue characteristics and treatment characteristics.

[0078] A location of the tissue can be determined three-
dimensionally.
[0079] A three-dimensional determination of the tissue

enables more accurate lesion representations and leads to
safer treatments.

[0080] The size of a lesion representation created by a
treatment device can be adjusted in a first step based on the
characteristics of tissue and preferably in a second step the
position of the lesion representation can be adjusted.

[0081] The adjustment of the lesion representation based
on characteristics of tissue leads to more accurate lesion
representations and safer and more efficient treatments. A
further adjustment of the position enhances the safety of the
treatment.

[0082] The Operator ofthe device may adjust the treatment
with the help of the lesion representation. In particular treat-
ment characteristics such as the power with which the treat-
ment actuator is operated or the energy delivered by the
treatmert actuator to the tissue or the position of the actuator
can be adjusted.
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[0083] Such a treatment is more effective and safer for the
patient and leads to a better reproducibility of the treatment.
[0084] In the following embodiments of the invention are
described by means of figures. It is shown in

[0085] FIG. 1 A schematic overview of an image-guided
therapeutic apparatus

[0086] FIG. 2 An ultrasound image of a region of interest
[0087] FIG. 3 A schematic view of localisation of pulses
[0088] FIG.4a Anoverview of variability of created lesion
volume

[0089] FIG. 45 A photographic representation of lesions

created in an experiment on ex vivo ox liver

[0090] FIG. 5 A schematic view of a planned treatment.
[0091] FIG. 1 shows a schematic overview of an apparatus
1 according to the invention. The apparatus 1 comprises a
treatment device 2 and an imaging device 3. The treatment
device 2 is adapted to conduct a HIFU-treatment of a region
of interest in tissue. The imaging device 3 is adapted for
guiding the treatment by ultrasound images. The apparatus
further comprises means for providing an image 7 of tissue of
the region of interest in a preliminary phase of the treatment.
The image 7 can be taken by animaging device 4 which s part
of the apparatus 1. Itis, however, also possible to use images
taken previously in an imaging device separate from the appa-
ratus. In this case the means for providing the image 7 are
formed by a memory in the apparatus on which the images
can be stored. The image 7 (see FIG. 2) can be displayed on
display 5. The image 7, see FIG. 2 is segmented into different
tissue types having specific tissue characteristics. The appa-
ratus 1 further comprises planning means 6 such as a calcu-
lator for planning a treatment by overlaying a lesion repre-
sentation 9 over the image on the display 5. The lesion
representation can be adapted in size and/or shape and/or
position depending on characteristics of the tissue in the
region of interest.

[0092] FIG. 2 shows an ultrasound image 7 of a region of
interest. The image 7 is segmented into different tissue types
by segmentation lines 8. Lesion representations 9 are dis-
played within one tissue type. In this example the lesion
representations take the shape of connected ellipses, dis-
played over the hypoechoic thyroid nodule to be treated by
HIFU, each ellipse representing a single HIFU pulse.

[0093] FIG. 3 shows a schematic view of different locali-
sation of HIFU pulses in an experimental setting. A treatment
device 2 treats tissue 10, comprising bone 10.1 and liver 10.2.
The extent of the lesion created in the liver 10.2 varies with
the distance of the focus to the bone 10.1 surface. Based on
this finding, the adaptation of the lesion representation during
the planning process based on the tissue type was developed.
[0094] FIG. 4a shows an overview of the variability of
created lesion volume based on different energy settings of
the treatment device 2, see FI1G. 1. The graph is a result of a
treatment of ex-vivo ox liver. [t can be seen that the volume
and the variability of the lesion increases with an increase of
energy applied. Hence, the lesion representation overlaid
with the image of the region of interest for planning of the
treatment should be adapted based on the energy applied
before treatment during a planning step.

[0095] FIG. 4b shows experimental results giving an over-
view of the variability of created lesion volume based on
different treatment depths (i.e. position of the focus with
respect to the surface of the bone of the treatment device 2, see
FIG. 3). A HIFU treatment with a frequency of 3 MHz, a
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power of 80 W was carried out on an ox liver ex vivo. During
HIFU delivery the bone was facing the coagulated tissue.
[0096] Thelesionsappearin brighter colour as compared to
the untreated ex-vivo ox liver in dark colour. The top picture
shows an end view of the treated tissue (i.e. the surface of the
tissue in a plane perpendicular to the acoustic axis, facing the
bone). The bottom picture shows a cut along a mid line of the
first 4 lesions to estimate the depth of coagulation. The cut is
made in a plane parallel to the acoustic axis, the scale in the
bottom picture is located where the bone surface was during
the experiment (c.f. also FIG. 3). It can be seen that the shape
of the lesion changes with the position of the focus with
respect to the bone surface. Hence, the lesion representation
should be adapted based on the type of targeted tissue during
a planning step.
[0097] FIG. 5 shows a schematic view of a planned treat-
ment. The treatment is conducted with a HIFU treatment
device. The planned treatment is optimized by positioning
lesion representations 9a, 95. A “V”” mark 11 indicating the
acoustic cone created by the HIFU treatment device stays the
same throughout the planned treatment, where the tip of the
“V” represents the focus of the transducer. The lesion repre-
sentations 9a, 95 differ depending on the tissue type treated.
The lesion representation 9a is appropriate when the HIFU
beam intercepts the bone surface, the focus being located 3
mm below that surface. Note that the lesion is wide, but not
deep.
[0098] The lesion representation 95 represents the lesion
obtained in soft tissue when a HIFU pulse is directed at a bone
surface, the focus being 3 mm below that surface (see FIG.
4b). The lesion representation 95 is deep but less wide.
Through the complete procedure the focus of the HIFU treat-
ment device remains at the same depth. The focus is posi-
tioned within the bone tissue under the bone surface. The
lesion representation 9a has a broad shape in a direction
perpendicular to the direction of propagation of the HIFU
waves, while this lesion representation’s 9a height is compa-
rably low. The lesion representation 95 in soft tissue is shaped
elliptical with a greater height but more narrow than the lesion
representation 9a. The lesion representations 95 or 9a shapes
will be overlaid on the image, depending on the type of tissue
to be subjected to HIFU pulses. The size or shape of the lesion
representation may be defined by the operator, e.g. by using a
mouse or on a touch screen. It also may be defined by select-
ing a lesion representation out of a library of typical types of
representations. The information relative to the type of tissue
(i.e. soft tissue or bone surface) may be given by the operator,
for example graphically, or automatically, using automatic
detection of tissue type. Furthermore, the distance between
single HIFU treatment pulses may be adapted to the tissue
type. The distance D_ between single pulses in soft tissue is
smaller compared to the distance D, between single pulses in
harder tissue, such as bone tissue. It is also conceivable to
adapt the lesion representation if the region of interest com-
prises inhomogenities such as gas inclusions or if character-
istics of the tissue change during the treatment, such as hypet-
echoic marks.
1-19. (canceled)
20. An image-guided therapeutic apparatus comprising:
a treatment device for treating tissue,
at least one imaging device for guidance of a treatment,
means for providing an image,
a display for displaying said image, and
planning means for planning a treatment
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wherein the planning means is adapted to create a lesion
representation of a lesion that will be created in tissue
and to overlay said lesion representation over said
image,

wherein characteristics of the lesion representation are

changeable.

21. The image-guided therapeutic apparatus according to
claim 20, wherein the characteristics of the lesion represen-
tation include at least one of a size, a shape and a position of
the lesion.

22. The image-guided therapeutic apparatus according to
claim 20, wherein the characteristics of the lesion represen-
tation are changeable in dependence on the characteristics of
the tissue.

23. The image-guided therapeutic apparatus according to
claim 20, wherein the planning means comprises a manual
adjusting unit useable by an operator for adjusting the lesion
representation.

24. The image-guided therapeutic apparatus according to
claim 20, wherein the planning means comprise an automatic
image analysis unit to define and analyze and adapt the lesion
representation of the treatment.

25. The image-guided therapeutic apparatus according to
claim 20, wherein the planning means is adapted to create a
segmentation of tissue.

26. The image-guided therapeutic apparatus according to
claim 20, wherein the apparatus is adapted to link the lesion
representation created by the planning means with treatment
characteristics wherein the treatment characteristics com-
prise at least one of:

powet,

pulse length,

duration of the energy delivery,

repetition rate,

distance between pulses and position, and

acoustic frequency in case of acoustic treatments.

27. The image-guided therapeutic apparatus according to
claim 20, wherein the characteristics of the tissue comprise at
least one of:

thermal characteristics,

blood flow,

coefficient of absorption of energy,

tissue type,

volumetric blood perfusion,

coagulation temperature,

stiffness, and

dissolved gas or microbubbles content.

28. The image-guided therapeutic apparatus according to
claim 20, wherein the imaging device is chosen from the
group of:

Ultrasound scanner

MRI (magnetic resonance imaging),
x-ray scanner, and
optical imaging.

29. The image-guided therapeutic apparatus according to
claim 20, wherein the treatment device is chosen from the
group of:
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HIFU (high intensity focussed ultrasound) transducer,

RFA (radio frequency ablation system),

cryotherapeuthic device,

laser, and

microwave ablation system.

30. The image-guided therapeutic apparatus according to
claim 20, wherein the imaging device and/or the image pro-
vided is designed to provide an image containing three-di-
mensional data of a region of interest.

31. A method of preparation of an image-guided therapeu-
tic apparatus for treatment of tissue comprising the following
steps:

providing an image of a region of interest;

displaying the image on a display;

analyzing the image to detect characteristics of tissue in the

region of interest;

overlaying a lesion representation over said image; and

adjusting characteristics of said lesion representation

within said apparatus of a treatment device.

32. The method according to claim 31, wherein the
adjusted lesion representation is linked with treatment char-
acteristics comprising at least one of:

powet,

pulse length,

duration of the energy delivery,

repetition rate,

distance between pulses,

position of a pulse, preferably a HIFU pulse, and

acoustic frequency in case of an acoustic treatment.

33. The method according to claim 31, wherein the char-
acteristics of the tissue comprise at least one of:

thermal characteristics,

blood flow,

coefficient of absorption of energy,

tissue type,

volumetric blood perfusion,

location of a treatment area, and

coagulation temperature.

34. The method according to claim 31, wherein the image
of the region of interest is taken before treatment.

35. The method according to claim 31, wherein the tissue
characteristics are determined based on prestored data from a
memory of the apparatus.

36. The method according to claim 31, wherein the image
ofthe region of interest is analyzed automatically by an image
analysis program and the characteristics of the tissue are
automatically determined.

37. The method according to claim 31, wherein the treat-
ment characteristics are determined by a simulation based on
characteristics of tissue and the lesion representation.

38. The method according to claim 31, wherein a location
of the tissue is determined three-dimensionally.

39. The method according to claim 31, wherein a size of a
lesion representation created by a treatment device is adjusted
in a first step based on the characteristics of tissue.

40. The method according to claim 31, wherein tissue is
treated with a treatment transducer having adjusted treatment
characteristics based on the lesion representation.
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