200200342-4 2 1 JAN 2002 1 ULTRASONI C TREATMVENT 20 QR0 3ede2i—oh 1 he
| aventi.on 5 This invention relates to the treatment of canhcersZ 11 {JANEXBZ es
particularly to the use of focused ultrasonic energy to treat
cancers/tunours in the breast, and in tEe organs through the clear
acoustic wi ndow of the abdom nal and supra pubic routes. Background of the
Invention 10 Cancer is a life-threatening nedical condition that is

deserving of serious 'q.?&ig' rﬂ“ﬁrx i\. %llll?l ' jON With a viewto
finding inproved curatisgié rea lqrrg%its. greas (Qg?ég?&lﬁ?%)he nost frequent

formthat occurs in wonen. O her comon susceptible sites in the abdonen -
af fecting hoth nen_and wonen - are the kidney, liver, 15 colon and
stormach. TAdipf hednventign i es of cancer treatnent are: direct surgical

mani pul ation on the affected tissue and non-invasive treatnent.

Non-invasi ve techniques utilise nodalities such as X-rays, |asers,

m crowdve, hypdhishinvention relates adthettreatmerit of carders. detedates partiailathitocthe 26e

depends up t he,stage,. size, shape and position of the target area.
Utr asound’?ir}gc%ﬁ%\)#a%?’é‘ct%‘e{%'epu SABFRES/ PRS0 I‘Eepéﬁeﬁﬂe?’%g an t; prgags
focused ! BaEN AR cToar BONSHE HindB oA abdbifikallanf ¥ifiaGuble BGRA! | NG a desi ed

spatial distribution of ultrasound energy wt treatnent field. Thi s
I s because they have a fixed focal depth and frequency of operation. Al so,

t he size he facgl.reaion my not nmatch the size of the tunmour. To treat
the 25 wh aéi‘ﬁ'ﬁ%&far@‘h?@gie ﬁ?“an ul trasoni c beam needs to be nechanically

scannad over the target area. Besides this, the residual anount of energy

residing in dispersion zgne and its overlap during scanning over the
target region cqreipy pt liferfhreatening meadicah sondisionsthat, is t deseryingr of i serjowsor mal

t1SSue.  gcientific and medical investigation with a view to finding improved curative treatments.
Breast cancer is the most frequent form that occurs in women. Other common
susceptible sites in the abdomen — affecting both men and women - are the kidney, liver,

15 colon and stomach.

Two broad categories of cancer treatment are: direct surgical manipulation on the
affected tissue and non-invasive treatment. Non-invasive techniques utilise modalities
such as X-rays, lasers, microwave, hyperthermia, cryoablation etc., the selection of which

20  depends upon the stage, size, shape and position of the target area. Ultrasound is known
to be useful as one form of hyperthermia. Single focused transducers, however, are not
very flexible in creating a desired spatial distribution of ultrasound energy within the
treatment field. This is because they have a fixed focal depth and frequency of operation.
Also, the size of the focal region may not match the size of the tumour. To treat the

25 whole abnormal region, an ultrasonic Beam needs to be mechanically scanned over the
target area. Besides this, the residual amount of energy residing in dispersion zone and
its overlap during scanning over the target region may result in undesirable hot-spots in

the overlying normal tissue.

30 High Intensity Focused Ultrasound is a non-invasive technique capable of

selective destruction of tissue volumes within the body. The aim is to produce damage in
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30 H| gh Intensity Focused U trasound is a non-invasive technique capable of
sél ective destruction of tissue volumes within the body. The aimis to
pr-oduce damage in J:1Patent Specifications1083911spec v2.doc 2 the focal
region of an acoustic beamin a predict Zbl e and reproduci bl e manner, while
sparing overlying and surrounding tissu&. A specific multi-probe technique,
such that the individual probes are excited I n unison; at conparatively

| ow power use
O PO h ke e 8 e Vel AE bl A BUBRIY Bl
Chauhan, Spatﬁng/omlyh& dnd, suhomdmg/hésuz ‘A sépebiﬂctmuihq)roli@twmﬁ@d?lsmhmw m
for H FU ha éled sur U trasonics, vol ? 33- 44i 001 Thi s
approach, B Ii'fﬁ e g e’f %BWF%@FWP*F’%“YF&Y QY PR¥ knogie to the
treatnent of abdomi nal and breast cancers. There are |rrportant anat om cal
di fferences between the 10 human torso and head, nobst notably the bone
envel opi ng the (Ihueaé,mmpksofsﬂlisﬂmom approash i-dforusedn dbe treatmienidafibraia caheerd+ai n

b L1y ¢ 08 e dn e roblifion: SHeD S aries o Lo ckitee (Wohns i Miple)
the abdomgpcuidd Probd S?stérhlfér HiRU-basINaRshRsd rgz UIRafi3CP61539, 83 44N IG0Y.

however there are interstices between the Ti that nake orientation of
t he ul t r askins eppyeasheas anilinedrin ﬂlspuhhcatsomms ml!tjtbmcﬂy)apnliwblprt@ﬂmeahmmM i on

to provide focu asoni ¢ tre t .of cers t eks to
i npr ove tﬁga‘é?lﬁla&@@ BC?Stsc(?‘% #glﬁ’éﬁ $tp Jmpoita r@ﬁ@ Hﬁ ge to
nor maliot | dfmen BfdsoSedriieyd olfnoﬁﬁwﬁothmyeﬂfel BoheT Bvel dpifd ithe® 'brﬁhschﬁss%h,anﬂm hod
for the ultrasgonic treatnent of a cancer in__subject tissue, conprising the

steps of -iminesdiaie arqustic Mandqv fo the hraingis swailableryithopt remavingsa sertionf the
bot i cal lg e
by obes. t ptt™ Thf e Bk 665 b BarfpulbtIng bribRidor bt 8RS CRLERRYS,

sai d f ocallnrthgaldonmn, itis iflearbs that pose obstacles to an acoustic window, however there

are interstices between the ribs that make orientation of the ultrasonic probes easier.
15
It is an object of the present invention to provide a form of focused ultrasonic
treatment of cancers that seeks to improve the efficacy of such a modality, and reduce the

unwanted damage to normal tissue.
20 Summary of the Invention

The invention discloses a method for the ultrasonic treatment of a cancer in
subject tissue, comprising the steps of :
diagnosing the site of a target tumour by ultrasound;
25 robotically manipulating an array of two or more ultrasonic treatment probes, that
-are mechanically focused onto a con-focal region, to sight said focal region on at least a
portion of said target tumour; and
activating said probes to ablate said portion of the target tumour.

30 The invention further discloses apparatus for the ultrasonic treatment of cancer in

subject tissue, comprising:
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portion of said target tunour; and activating said probes to ablate said
portion of the target tunour. 30 The invention further discloses apparatus
for the ultrasonic treatnment of cancer in subject tissue, conprising:

J: 1Pat ent Specifications1083911spec_v2.goc 3 an array of (i) two or nore
ultrasonic treatnent probes, that are chanically configurable to be
focused onto a desired con-focal region, and (ii) an ultrasonic diagnostic

D e 2 20t laf A BT 06 or GreY G oAbl piBed MRCLRhE bRy ©

said array and sal region; ahd a progranme ntroll er
whi ch opercahfgurhisle a0t be dfocusedi shtpr ldesiradn dors-focdl eegien, amdi(lipranohitrasditg i C

mani pul ator in a manner such that the diagnostic probe is. scanned over at
| east a pdHagUBHICHORGe tissue to diagnose the site of a target tunour, and

t he treatnent ' Eﬁjwﬁ : gt ' cOL 0] W th
at least a porta%gpg(fs t ufﬁé(?ggt g%talgrmu ’%é&gﬁgc@%@&ﬁo g%?‘g(?e

sai d p6rt iths sight séid foeal pepfior; andbur . The i nvention yet further discloses a
jig array assenbly for %gtras ni ¢ treat ment robes ¢ ri sing: central
Shaft: 15 tvio drPrRSmEReCRmUr Ffgh,PReTaics, to; Aeivata sail PEADRS auf SR A of

sai d_shaf inotRAGE rgblitRmshipdlale id 4 Kfafinrsush ﬂﬁ@ﬁferlii%do% PFobe' s dindedvePi N9
nmeans; a respective nounting nenber extending fromeach said collar, and
provi di ng at kasim portiop oif the tissue do dingnoserthe sisé of altargettumous, andrthe treatirent
O {000 58 AR O RS8T a8 PR e o
Ej ?gwohltgagr t@fieumGihd e ictivated téiblute sBid poktidesfahé Birgd? furRburl he Drawi ngs In the
The invention yet further discloses a jig array assembly for ultrasonic treatment
probes comprising:
a central shaft;
15 | two or more segmented collars, in a stacked manner rotatably of said shaft, and
adapted to be fixed in a chosen orientation by fastening means;
a respective mounting member extending from each said collar, and providing
- mounting point, said mounting point lying in a common plane orthogonal to said shaft;
arespective arm attached at the end to a respective mounting point; and

20 a respective probe holder attached to the other end of each said arm.
Brief Description of the Drawings

In the drawings:
25 Figure 1 is a perspective view of a surgical treatment assembly;
' Figures 2A, 2B and 3 are perspective views of a probe jig assembly in three
configurations;
Figure 4 is a schematic diagram showing the range of controlled movement that
may achieved by the robotic manipulator;

30 Figure 5 is a perspective view of the robotic manipulator assembly;
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25 Figure 1 is a perspective view of a surgical treatnent assenbly; Figures
2A, 2B and 3 are perspective views of a probe jig assenbly in three
configurations; Figure 4 is a schematic di agram showi ng the range of
controll ed novenent that rmay achi eved hy the robotic mani pul ator; 30
Figure 5 is a perspective view of the rdbotic mani pul ator assenbly;

J:\ Pat ent Speci ficati ons1083911spec v2.doc 4 Figure 6 is a schematic bl ock

di agram show ngs:}. | i LocihCUl ke ' fage: 1o the roboti

mani pul at or; F%gl%l &g @%ﬁ%@%@eﬂﬁﬁ élllr%l aaﬁ{ %ilro g@%ﬁt%ggggle%h% e [:'e, aﬁ?gur e
8 is a pene prabbotic magipulaforp framed cup el ement of the surgical treatnent

5 apparatus; Figure 9 is a schenatic block diagram of the operational nbdes

of the surgi calfiguredshowsthe cigicabireptmentiassemphlydn wses anpl e di spl ay

representing suyg l: Rl ' ' | hnter f
Det ai | ed Descr:#g@l‘rg% : % enbod rfcgﬁ%&\%\}fﬁ ﬂ%rgpéélé‘g‘g%lleg%g?%?jﬁsrﬁfeé%?grr%é%tng t he
t r eat mdnt apparbtusast cancer. |In particular, a nethod of treatnent, a
clinical treatnent assenbly, a botj.c mani pul ator . 15 and controllin
arrangenent s t Hé$%WP or1S\& ?qheﬁ‘éﬂ‘ai’&lo‘i‘%%?ml?fo'gﬁ&GP@“B’éaldH@@qufdbﬁ,suﬂﬂﬁﬂgver,
that the iyeRdntOMgi S not so limted. The various aspects are equally
applicable to the treatnent of other forns of cancer through soft tissue
acousti c w ndowigure Edsheivsasample lisplay representing surgicabplamring esing plgraphidat i n a
purely dia nosé?_'dc node. 20 Mechani cal and El ectrical Arrangenent Figure 1
shows a s i‘cal af?’eat ment assenbly 10 in broad detail. An operating

10

_ Detailed Description

An embodiment will be described with reference to the treatment of breast cancer.

In particular, a method of treatment, a clinical treatment assembly, a robotic manipulator

15 and controlling arrangements therefor will be described: It should be understood,
however, that the invention is not so limited. The various aspects are equally applicable

to the treatment of other forms of cancer through soft tissue acoustic windows.

Embodiments of the invention also can be applicable in a purely diagnostic mode.
20  Mechanical and Electrical Arrangement

Figure 1 shows a surgical treatment assembly 10 in broad detail. An operating
table 12 has an operating window 14 that is arranged to receive the patient’s breasts. The
subject breast is received into a half-hemispherical framed cup 15 to descend into a tank

25 16 containing a coupling medium (e.g. degassed water). The patient’s breasts are isolated
from the couplant by an elastic membrane forming a boundary of the operating window
14. Suitable forms of membrane include latex or polyurethane. A robotic manipulator 18
is sited partially underneath and partially within the tank 16, and carries the ultrasonic
probe assembly 30 used for the treatment of the subject breast. Operational controls are
30  housed within a cabinet 20, mounted on the base of the operating table 12. The relative
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table 12 has an operating wi ndow 14 that is arranged to receive the
patient's breasts. The subject breast is received into a

hal f - hem spherical franed cup 15 to descend into a tank 25 16 containing a
coupling medium (e.g. degassed water). The patient's breasts are isolated
fromthe couplant by an elastic nmenbrane formng a boundary of the
operating window 14. Suitable fornms of nenbrane include |atex or

pol yur et hane,. A rgbatic nipul ator. 18 .is sifed rtially underneat b, and
ar a1y Wt gt ffdtan 15 i e RipRlic hnidulrt 16 B baP e Sy biBHBERE ML ) 5
used for theevithie eeTaide ciimdtivn cfuhd ABbtiOHRARulatéder ati onal controls are 30
housed wi thin a cabinet 20, nounted on the base of the operating table 12.

The relative J:1Patent Specifications1083911spec v2.doc 5 |ocation of the

frame 15 and t . e ' t | t | ect, breast
will be within eg(r?%éﬁ‘gté’r%%l“%@’oaﬁhﬁ#%?ﬂﬁ‘g°?§§%F%e@%%;’p§ﬁ§§w. AT%%ﬁg
then te Fishalk 82 Rds theeefsepmbnted ooltare B4, 36y 38 anaiged)in 3Gtackedmaiier off thestanal 5
shaft 32 has, three segnented collars 34, 36, 38 arrang&’ in a stacked
manner on Hagh celiarrqan rofatg-gbout jand be fixed tnfonositiopnm the shaft, yapicalkeby pareb

osition QRS ' I Qtta%%ﬁ . -1 wn) .
ICI%ach col | gr has t'g??ié%&%og)é{?%\ﬁ@{ %ac%afgﬂaé ne eﬁwé%mwﬁnﬂ%ésm%ﬁgﬁ%?g?and
bot t om no38t i Tig. twprdnd rbottdm mdAnting membetsB 3Prin\thel stack prdvideesn offsdt suchhat
all- three S provide a unting. point that is co-located in the -
hori zont al'ﬂ%gﬁﬁ@efgﬂm"{a%é‘ ‘E%‘H’?‘ﬁ”&lp%‘!flqg"ér‘s %‘Bﬁ{cl"‘t.eg in fhe hogigo Lﬁlﬁﬂ%n
originy i im]-ﬁéo' ; + RO U e D08 , 37,
39 igsr!gn %ﬁ .O,tﬁﬁf,gﬁ%ég?rt{?e)ﬁ%ee endhn%(:‘n%\i/\l/?lli?(ih | 'arﬂsﬁteevgg ?(%% }395 50,
i nto whi chnounting peint efieach spasuting snembier 35,031 39tis am st 66, 42, g pisdhe et end:

probes 52, . .50 are best .seen in Figure 2B. 15 The.orientatiqon of the
probes carf fﬁvéﬂ%]stfsﬂsget%é’ é?vg&’afng’eg’ 8ds E%Qﬁ’lvfééﬁwe?té‘@ 'blﬁ'a'wnd&ﬁ@#w&t ive
posi ti oni pgobek. Thesepidhies 42, 5436 affbost §deni®Fipagd 28O the shaft 32 (i.e. the
i nter- probe angle), and the respective lengths of the arns 40, 42, 44.

These relative Iengths determne the angles of the sleeve 46, 48, 50 (and
s g 5P e A5 02 et sl bl 1 G0 oh B gt
the relative positioning of the arms 40, 42, 44 with respect to the shaft 32 (i.e. the inter- -
probe angle), and the respective lengths of the arms 40, 42, 44. These relative lengths
determine the angles of the sleeve 46, 48, 50 (and thus the respective probes 52, 54, 56)
from the horizontal plane. The embodiment of Figure 2A differs from that of Figure 2B
20  in this regard.

For the configuration of Figures 2A and 2B, a symmetrical focal regioh is
achieved. For the example of Figure 3, in which only two probes are in use, a focal
region of an irregular (thin) shape is achieved. The range of adjustments described

25 allows a focus region to be identified within a half-hemispherical volume of space; this
broadly representing the volume occupied by a breast.

The resultant shape of focal region can be manipulated further by the choice of
probe, such that small clusters of cancer cells can be sighted. It is envisaged that the
30  minimum number of treatment probes is two, since a degree of superimposition must be

achieved in the focus region. Equally, more than three probes may be utilised — the
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20 in this regard. For the configuration of Figures 2A and 2B, a
symetrical focal region is achieved. For the exanple of Figure 3, in
which only two probes are in use, a focal region of an irregular (thin)
shape is achieved. The range of adjustments described 25 allows a focus
region to be identified within a hal f-h&€m spherical volune of space; this
broadly representing the volunme occupied by a breast. The resultant shape

f f I ' . ' by 1 ' . h
hat sl 10eEio0: 88 cfificiTiHe basdibon b 15, e CioGalRpS Rufls of WS
the 30 mtRinguNitssHIDRI othbr WoRlR] ARtirdd spatal fodall :6Bionsik WeSighedlBy Wy ¢if the
superinposition nust be achieved in the focus region. Equally, nore than

t hree prodaunhenytypreang elafive grientation of the probesnt .

Speci fications1083911spec_v2.doc 6 decision is a clinical one based upon
the location and | ocalised shape of the subject tunour itself. In other
wor ds, sa desi r €Thes prehinddint f probls regpically | dre destrgeutporeyl, epheritalt bowl niypesr
type and relatjve orjentatign of the probes. 5 The treatnment praqbes

typi cal | y QPeEAtBEdp JniseR b2 dMHZ angdeforelAepBoof 0% y §8gnm. dhe fogal negiom ofian son
at 2 Miz gpgh uﬁpﬁﬁ‘a e %%Hieﬁ{ S Ee with dﬂl@nﬁ(ﬂﬁ?f 185 Adqls In the
probe 1s o ape |

I ndi vi dual late 1n's typlca nensi ons of ‘mm and
1.5 mm | multiple prob¢ appreagh; dixe desined dlexibilityhmndses achieled |inthed shdpey sizaand e
achieved in the shape, si.ze and ener di stribution within the con-jfocal
egi on by DFTed- At Siftindhe crtdocel ugip by GencR e bR, & pEvinc

ul tras@ni Gopfigh@atib®n fromthe respective probes 52, 54, 56 superinposes in

a con-focal manner so that there is, in conbination, a heating effect
sufficient to raise the tenperature in that focal region to ablate the

targeted cancerpcelds. The . .surraundin 15.tissue owgh which the
respective ultr eolﬁ{xiso\%:vr aﬁ% gr,on} theg‘S?F&‘a‘.’e Hogﬁsofé’gggf ggﬁgger%ossf. Ubds are
fixed i nt aodlfogl kdnert $o that thete/is)RVeiibihativh, h heatifghéfdct sefficlvat to Rise theVe'

the focal region in space. In other words, a cancer in the breast )
temperature in that focal region to ablate the targeted cancer cells. The surrounding

15 tissue, through which the respective ultrasonic waves pass, is spared.

Of course, once the probes are fixed into alignment it .is only movement of the
shaft 32 that can ‘move’ the focal region in space. In other words, a cancer in the breast
typically is of a far greater size then the focal region, and thus a path needs to be

20 traversed by the focal region in order to ablate the entire tumour site. This function is
achieved by the robotic manipulator 18.

The shaft 32 is adapted to receive at its free end a further ultrasonic diagnostic

probe 58. The purpose of this probe 58 is to provide an image of the target tissue as a

25  function of distance, that can be used to define positioning of the focus region achieved
by the treatment probes, as will be explained in further detail below.

Referring then to Figures 4 and 5, these show, respectively, a generalised

‘ schematic diagram and a detailed mechanical arrangemeht drawing of the location of the
30 robotic manipulator 18 and the jfg assembly 30 within the tank 16. The shaft 32
supporting the three probes 52, 54, 56 mounts from a carriage 60 that is able to be moved,
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typically is of a far greater size then the focal region, and thus a path

néeds to be 20 traversed by the focal region in order to ablate the entire
tumour site. This function is achieved by the robotic manipul ator 18. The
shaft 32 is adapted to receive at its free end a further ultrasonic

di agnostic probe 58. The purpose of this probe 58 is to provide an inage

of the target tissue as a 25 function of distance, that can be used to

defi ne posjti.Qni F | LoV t es,
as wil pbéﬁéfp%@ﬁ‘g??%“?&r@%%%%ﬁvﬁgﬁ% gﬁ%}%ﬁgﬂiﬁﬁiﬁ%ﬁﬁs 4
d 5, thessost® latforh 62 ¢ unk areffhaft <@ Bwaitet- a
ggt ailed ne hr;ni \(/:v’,[‘hefgrﬁr:f nge nmdreem'eﬁgr of, the Ioc;t?éim(?r:;ug01cs thggm30 robotic
mani pul at G18E PP i, th a‘i’%"ﬁs‘é Ky topmingting of atrghey soge fe Thaisiegs2

supportin r éged fnh }g@{f% o | 1S
ablog to bgaﬁn%géﬁfgh%\?:éfgg?%?\? pe@fl?l catelincé)ns 5{3@%8535306\1\‘/ .%%gyg&g%ﬁgtés
cont r ob| alsherieddyyre furthen cartiegd @0 thad ntomhtspram e veatical pﬁtfomla?qnhbehrf’m mﬁ@@t gﬁ
[ [ t t
That. pass et eryieed migten s Bty Sriaesd o b eomaalbbt maygata h tho,
term nati RgriREl flah€!t ah¥ B hAPG MStion! Bsh BE ABMBev&Phy 8Sschdd® tRbBa br ﬁélt—ﬁgvpﬁa :
rotated by a further@ﬁlel ectrical notor 69.. nguédotglrly stage 68 Is cl:lgrrled
by a f urt latangemment.aQthey arratigements, appardnt énone skilled indhe art,zel$ooarepossitider Iv2. A
ygt further el ectri.cal n&to 74 cau tsothe carriage 70 to be controllably
moveabl e i MotHe 2 G%’??flxcgi ptf)é?ltéc.mﬂgﬁlg L IRPEIEYEEi on can be achi eved by a
screwsphread or belt-driven arrangenent. Qther arrangenents, apparent to
one skilled in the art, also are possible. In this way a 3-axis (x, y, 0)

roboti ¢ mani pulPiainly, the slementseaf theprabiotic mmgnipulator ewishinnthe @tlktn;s?rfobb@ ic
mani pul at L1 appropriately protecte rom wat er
I .ngress. %f’%fl%%&lé&s‘ﬁg@g%g#&ﬁ%fmglé%gg‘schennt I ¢ diagramrepresenting

control and signaling 15 for the robotic mani pul ator, and the treatnent

i i b A PC-base
and di agnost ' }fgruge g ghows an electricaﬂ schematic diagram representing control and signaling

15 for the robotic manipulator, and the treatment and diagnostic probes. A PC-based
éomputer 80 is programmed to control the operation of the robotic manipulator and the
probes in a manner that will be described below. It has an output control signal bus (of
any inconvenient form) which provides control signals to three servo-controllers,
respective being for the 3-axis movement of the robotic manipulator. The x-servo unit 84

20  drives the x-axis motor 86. The z-servo unit 88 drives the z-axis motor 90. The 0-servo
unit 92 drives the 8-axis motor 94.

The control signals also control the respective amplifier units 96, 98, 100 that

provide power to excite the respective treatment probes 52, 54, 56. Each of the motors

25 86, 90, 94 of the robotic manipulator includes a form of optical encoder 102, 104, 106
that provides a relative location (i.e. distance) feedback signal on the input data bus 108.

A diagnostic drive unit 110 provides excitation to the diagnostic probe 58. The

probe 58 returns an ultrasound image of a scanned field as a function of distance. This
30  image signal is provided to the input data bus 108.
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conputer 80 is programmed to control the operation of the robotic
mani pul ator and the probes in a manner that will be described below It
has an output control signal bus (of any inconvenient form which provides
control signals to three servo-controllgrs, respective being for the
3-axi s nmovenent of the robotic mani pulator. The x-servo unit 84 20 drives
the x-axis notor 86. The z-servo unit 88 drives the z-axis notor 90. The

0-servo  Ubbnddficfbsd B% ;,);1{;, 0-axis motor 94. The control signals also
control the especttlive grrp ffier units 96, 98, 100 that provide power to

excite the respective treatnent probes 52, 54, 56. Each of the notors 25
86, 90, 94 of e r tic ni pul at or i nclydes a form.of optical encoder
102, 104, 106 bﬂ%%fe o dbe Futeigal assem %&ﬁﬂ?b‘ﬁe-(ﬁ@lmlﬁﬁtélegrfé‘@)dqvéé ck
signal on i 3. 3 ¥ oed iH ; kqdgs
excitati or%;’ {)}%)tﬁ%?ggﬁ%gl%%bgﬁ%&%g&%ﬂrlgﬁ eiS‘.)Béarlg%% ﬁé&g(ri\egﬂi?ggound
i mge 6f alesesnd thrgugh thecbperatingfwindow dd beingisuppertekby #hietastiG tnemtagre Ei4gnal

is provid to the input data bus 108 _J: 1Pagtent Specifigcati pps1083911spec
V2. oo 5" emel pie P e deiel i ille 5 Efine ol Wir e li¥ecacutiei ) 10
i n use. Aasubjl e8endiheh 4 ARE 1 19 \Thetinkel 6 isHIRASK it de RREAL 16N probRithEa 12
The subject breast is recerved in the framed cup to 5 descend through

t he oger atmediumpicauplont) for leffeatives trpnsfer ef ubgasamdﬁmw dntoethb rhaeast. 1 {Phe JTﬁe
‘ : . > P ; e .
o cuat o Dol 30 alfbebe’ cthalicarly by Uifords 13" Mo ool Bf e oglif noc e

wat er 1016 manipnlator I8) Diaghostics ahd/oripdatmbntiiothefiflubdetdker. transfer of

ultrasound energy into the breast. The jig assenbly 30 has been
mechani cal ly pre-configured and is under control of the robotic 10

mani pul at g@@g@%st ics and/or treatment is then undertaken. Diagnostic
Mode The diragnostic de is used to identify the location of, and shape of
cancerous 15 tissue in the breast. This is achieved by use of the
di agnostic pr O.%e%ag%istfchmioae & lrls%g (e)qdentify the location of, and shape of cancerous
15 tissue in the breast. This is achieved by use of the diagnostic probe 58 which is arranged
to propagate an ultrasonic wave to a known depth into the breast and then progress in the
z-axis to perform a slice-wise scan of the breast. The breast is mapped to a coordinate
system operating in three dimensions (typically a Cartesian system). Such a diagnostic
procedure can be useful to diagnose tumours in the breast, without subsequent
20  implementation of the ultrasonic treatment, since it may be the cell cluster is a benign

lump or cyst, or chosen to implement an alternative modality of treatment.

Planning and Treatment Mode

25 Referring now to Figure 9, a block flow diagram shows the logic flow of pre-
surgical plarining and on-line surgical planning. Central to the pre-surgical and on-line
surgical planning is the provision of a graphical user interface 120. In other words, the
pre-surgical and on-line procedures are undertaken by the physician solely by use of the
GUI 120. '

30 '
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to propagate an ultrasonic wave to a known depth into the breast and then
progress in the z-axis to performa slice-wise scan of the breast. The
breast is mapped to a coordinate systemoperating in three dinensions
(typically a Cartesian system. Such a diagnostic procedure can be useful
to di agnose tumours in the breast, w thout subsequent 20 inplenentation of
the ultrasonic treatnent, since it nay be the cell cluster is a benign

| u or cyst, - ' . .nak | | eat ent .
Pl anni ng. and’ Treg PREsGbigeh plRlc Ealkcifbs b §iipRteatitn DR BFU Myt T

di agr am sleffest the ¢hermal dost|(step A22)0r Fhess pagintstdrs phohitie the eRoflicalpdwéideddls gi cal
pl anni ng. Central to the pre-surgical and aon-line  surgical planning is the
provi si on '@ indivigpal grobes, (cg,lggl,atqdnggpfthggcq@gpahlntegglﬁéfeqmwgqr blation in a

2
pre-surgi -aﬂg ﬁ b CRINLES Al PhYS: £l olely
by use of (i’tg{?g \ éhf}édégﬁgg&g’ IPa e%t@%@#ﬁ%% |o§r¢§1?%8‘§8§?sp %31%%53@’9
The pr é- sexposnrd tiplea prabegorismtetion] anésot)xﬂﬂenﬁhmrtpeﬂtm' eedtire AThe I&xptisul‘d? Ehfamd F]emsret ers
that effect the thermgl dose (step 122). These pajaneters include the
el ectri cal(&ﬁwaefmlg\‘?e? Py Slﬁenaﬂcﬁim of; thse cancerymour; a8 dedweed Hy the
acoust i calkadi | L ' | . i ' gan
Cypo, t ak Ol gR lobld el iy bl A g 300 el h TP b
exposur e fdeed, the sheracteristic af thentunsud can bel determimadpfromt aidingnddtie madoefir e
paraneters__depen n the shapg,. Siz d extent of the cancer/tyunour, as
deduced bf)P?‘ﬁggn_r dﬂ!ﬁ S8PEH n@’éﬁ" tgﬂ"{}'re' o 5 e Oths g cenyentional imaging
anal yqbs/ ¢icudliés. SThejbintdfivdi devdls typiclllfedre %9 ¥R ranp&d900.150NW (electrical),

characteristic of the tunour can be determ ned from a di agnostic node of

oper at i on Which manifesisatsalf info eaiaseustis drfengityin fharxpogures ier lesivushformedinat

I magi ng 1 1ije Lol Ot. . | evel lcally. are in the.ranges:
100- 150 v\%%ﬂ%g‘?{é‘% {é’aﬁl?xl%@%{‘%%&n%sﬁﬁqﬁyg iedl bPore He&ﬁlsa% 768 e withdhg: ¢ y
in the expuseqest (dolibg of €0i18re} af Dgivenl expgvstre sitee required to ablate the
target tissue. Thé typical exposure |levels are 2-8 sec with a

—

15 In the on-line surgical planning, the subject, in an anaesthetised state, is firstly
accomodated, as discussed with reference to Figure 7, then an initial robot homing
operation is performed (step 124) whereby the robotic manipulator defines its coordinates
system (step 126). The diagnostic probe 58 has a role here in proximity sensing or
localisation with reference to the site.

20

It is now necessary to accurately relocate the tumour, i.¢. notwithstanding that this
has been performed in the pre-surgical planning stage (step 128). This is achieved
through use of the diagnostic probe 58, that is robotically manipulated to image a series
of two-dimensional slice (typically saggital) through the breast. The physician is able

25 now to confirm the pre-surgical planning (or make adjustments to the relevant
parameters), but otherwise has confidence that the robotic manipulator has spatial

accuracy with respect to the actual location of the subject tumour.
The physician now has a pseudo three-dimensional image of the breast from

30  which the location of a tumour can be accurately determined. The physician now

demarcates the affected area of the breast (step 130). References is made here to Figure
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subsequent cooling of 10-15 sec at a given exposure site. 15 In the on-line
surgi cal planning, the subject, in an anaesthetised state, is firstly
acconodat ed, as discussed with reference to Figure 7, then an initial robot
hom ng operation is perfornmed (step 1239 wher eby the robotic mani pul at or
defines its coordinates system (step 126). The diagnostic probe 58 has a
role here in proximty sensing or localisation with reference to the site.

20 It is WIEGE ; - el Y3 hterfacs : .
notvvithstgtr%vi ng Eﬁ:ﬁ%%l%legraﬂ%ggé’gée%%ggrér %?gﬁeeggr%ﬁﬁ% e pr efeé'ﬂaFgf‘%%Fh%Y‘é‘ﬁni ng
stage (st e pR8pss ofidemarcatiamhi eved t hrough use of the diagnostic probe 58,
that is robotically manipulated to image a series of two-dinensional slice
(typically saggital) through the breast. The physician is able 25 nowto

confirmthe prer lﬁkﬁﬂnlﬁkmﬁ&e(d}&én % ?ﬂ%%ﬁ]ﬁgﬁ@ Ealgséljﬂﬁ Jf?%s?&én?)gfrl has

paraneters), but otherw se has confi ero C manip
spati als5 eacsinglapjang ohsiting tesions tfor theavimit velumecufahe ommamir befre applyingt the

t . The physi.ci w h do t hree-di i onal_ i f th
br oast 1 oipesy tisBic HRAaE , BB A e conbidiiont G el ng it PRgige  tha the
det er mi necshagd 6 thE iimdiir dithy Chdhgd ST anyi8dididuarfesignar ea of - the breast

(step 130). References is made here to Figure J:1lPatent
Speci fi cations1083911spec_v2.doc 10 10, which is a single frane (i.e.

demar cati on. ) TRonripe B lefBls NAEbeqse ieRffed thort 42 “ufblop pheliBneg {1 ng

as seriges cdlrhart byapplication af eflent elergiEto 86 csﬁﬁdg@&l {restiensprbbes, sA&4nhol e
vol une of the tumur before applying the focused ultrasonic treatment. One

of the comd @epaEehnSuchtreatmaentcanrhedn ansutamatic oraenuahmoden dm ethst wonds,

tumour ma i tyl § G b\ |- @I t “ie; f
| esi ons hc}aﬂsl& eeﬁsso |ﬂ§%ar'1:{n|r¢a?leﬂcf{%tnﬁgﬁe4 ﬁgm\sétﬁi‘g?igg}ﬁ%r@%egﬁgﬁnnégg ext
comence Hesiap i itlxatobotic nfanipulsdémmntexecute gii lésiorislie agerofragiuicddninnent Thet
probes, S%i'eagg'ént ends when the last frame is reached (step 134).

15

For the present apparatus, the concept of safety is grossly different from industrial
‘ robots, that aren’t designed/configured to work in vicinity of human beings.
Surgical/medical robots are required to function near and ‘inside’ humans,l with human
co-operation and intervention, thus safety principles cannot be adopted directly from fully
20  autonomous and versatile industrial machines. Due to the precarious nature of human
anatomy and physiology, and thus the suitably selected medical for a particular treatment,

a surgical/medical robot must be the subject of a stringent safety regimen.

Mechanically, the robotic system is configured to move in a restricted and well-

25  defined work-envelope. The practical work-envelope of ‘the manipulator encompasses
the human torso, and thus is capable to reach and treat cancers/tumours through soft
tissue windows in this region (such as breast tissue, trans-abdominal, supra-pubic and rib
interstices). However, for a specific intervention in a specific tissue (i.e. in a breast, as
described above) and after patient registration and homing stage, the robot is configured

30 to move the jig assembly 30 only in a subset of the available work-envelope with suitably

demarcated ‘go’ and ‘no-go’ areas. Safety limit switches and mechanical interlocks may
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56 (step 132). Such treatnent can be in an automatic or manual node. In
other words, the robotic nmanipul ator can be controlled by the physician to
"fire' and then site the next |I|esion, or the robotic manipul ator can
execute all lesions in a programed nann?r. The treatnent ends when the

| ast frame is reached (step 134). 15 Fotlt he present apparatus, the concept
of safety is grossly different fromindustrial robots, that aren't

desi gned/ conf i t k in.vicinity of .h bei-ngs, i cal /.medi cal
obots. ar o STPEE to5ieh e B Bt ates ontie TG PHAta fontroh BB o ©°
Co- oper at irpdirigtle itFAjRN0FP byl DRwakd) UBorSinktahde, B tHCdabé BF biast 1sud) inddmilapd

directly fromfully 20 aufononmpus and versatile industrial machines. Due to
t he precardytindriead areads aflowedas ‘g0’ aneat Thy radies ¢fithe ' n-gejyinnerreyliiderds stme

sui tably sel ected di for rti cul ar freat ment a.surgi cal./ medi cal

robot nust® eh’ﬁ‘g‘f’gﬁ%‘}’g@ f%lﬁovgeadsﬁ Fné%n?&?a%‘&%?,a‘}%ﬁ ?*FS?‘.%" ¥ ‘é‘h‘?%éé . the
roboti g sYgubalens tocthe ol aeﬁsthtdfsalemed hﬁra@oﬂi@?f s, followedi byl ‘ho-gd5aktafih ned
wor k- envel ope. The practical work-envel ope o

t he mani pul at or enconpasses
t he human regofthe tanky Thisds donede sagretheprohes enveloping ﬂ@aﬁcma@ﬁtmﬁs

t hrough saqf; ' §EHE | Bl ] L Qn.: . tissue,
trans- abdg#tr}%g# sup?‘%&%%ﬁtagﬁaf@t%v&lﬁg{lg' S gg‘%@?@%\g@géﬁ for a specific
intervention in a specific tissue (i.e. in a breast, as described above)

and after patiept yegistration and_ hom ng stage, the robot is configured 30
to nove the ji EntASLy Jlgalyr Fan beqincoporttedyin e engrgy | deploymest ite dhgel ope

With suit defgr AR Ta X valo JUNE Yo PHo Ta) g L. i.iches and
nmec haf#c aﬁml)lynqts'er Iq(;i?k{si@atr@gn ¢ %ﬁ%@g ngo%%lg' ?ﬂa% at | (%e?%g% 1%%%%2015)20-(330@?11
be provi desoling/desst timet Thh@owet supply to the avbat i accondipgly Pregramined rsycle tat r ol |

however, is to restrict trajectory by, software or i,nstance, . n the
case of bitbestersy Sliystepfotfnnicbes s fprhanh uEie w17 aRbpRaye GRERISE Oge
area. The tha@ébét phices IR jip Asdbinbly 3064 a_CMiitaméqesibﬁn%aiasiﬁoﬁ,sme%ﬁér%&ﬁe cup
15, followed by a "go' oufer annular ring area with extended radius 5
equi val entrobq is frat-pHaaln thisovay, dhe rbpicannot giore during the ppplisation pHiltasenic by a

“NO-gq5 gy

The embodiment described is with reference to treatment of breast cancer,
however, as foreshadowed, treatment of other cancers through abdominal or trans-pubic
routes are contemplated. The sufgical assembly would need to be modified to provide

20  the appropriate acoustic window onto the body and the jig assembly also may need to be

reconfigured to better suit the gross physical anatomy of the treatment site.

Embodiments of the invention offers specific advantages in that there is precise

control over the ultrasonic energy to effectively ablate the site of tumours. Precise

25 lesions may be obtained to give effective destruction of only the tumour cells. A
reducion in the duration of intervention, and precise control in terms of crude and fine
adjustments is made possible. The ability to treat the entire volume of a tumour under
automatic robotic control removes the requirement of the physician/radiologist to have

the extensive experience of visualising the three-dimensional region and manually guide

30 a probe to the next suitable location/plane. Traditional surgery on a 2 cm tumour may

take up to 2 hours to perform. In contrast, treatment by the present apparatus may take a
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rest of the tank. This is done to ensure the probes envel opi ng the decended
breast can not hit the organ/tissue at any stage of intervention during

t he | esi oning process. Another safety feature can be incorporated in the
energy deploynent to the .10 probes. The treatnent typically conprises an
exposure of 2-8 secs, followed by cooll%g/dead tinme. The power supply to
the robot is accordingly programmed such that the energy sub-systemto the

probes is dormant dyrjng any..robot noye' erationz Once .t robot. pl aces
Phe st o sseubipieed e e oh Biecomiepimin S0 oauteofor ombls bR ting
robot is grath ¥ pla o 'sBbquéit NediGs faPiRay Ebin Ehch lbther i
applicatigﬁHg?&%ﬁ§P§ionlgha 5 ene?gy?sThe gnbodinent dé?gribedcis &?Pﬁ

r ef er ence the affeeted regivn aind thus optimising: &, lowen oz \absent a'codling: zone) afisd each
treatnment of oth cancer,s. t hrough abdom nal .trans-pubic routes are
cont enpl at%ﬂ?s‘qﬁgw?‘?gﬁ“%%gﬁﬁgwe ﬁ'i“‘dls%gg%{ct‘ﬂt%g"eﬁ% *fed to provide 20
the apgropriate acoustic wi ndow onto the body and the jig assenbly al so may

need to be reconfigured to better suit the gross physical anatomy of the
treat nent site Nundgous akerationsfandimodificatioms.oss wouldrbe anperant ifq opelskilledges in
that there is precise. contr yer 4 he ul.tr 0L.G: to effectively
abl at e thgh%ﬁ$émB$ePﬁﬂﬁﬁp Pug@%%ﬁﬁgfﬂﬁ%ﬂFgg?%ﬁéwﬂgv%gﬁﬁg%%ained to give
effective destruction of only the tunour cells. A reducion in the duration
of intervention, and precise control in terns of crude and fine

adjustnents is made possible. The ability to treat the entire volunme of a
tumour under automatic r-obotic control renoves the requirenent of the
physi ci an/ radi ol ogi st to have the extensive experience of visualising the
t hr ee- di nensi onal region and nmanually guide 30 a probe to the next suitable
| ocation/plane. Traditional surgery on a 2 cmtunmour may take up to 2
hours to perform In contrast, treatnent by the present apparatus nay take
a J:1lPatent Specificationsl1l083911spec_v2.doc 12 greatly reduced tine,
even of the order of only 20 minutes. For exanple, the physician can chose
to program and place any two subsequent |esions far away from each other in
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the affected region and thus optinmising a | ower or absent “cooling zone'
after each exposure. The reduced tinme under anaesthetic IS beneficial to
t he subject. 5 Nunerous alterations and m)dificaml ﬁHI Inmﬂﬁlﬁe appar ent
to one skilled in the art, can be made w t hout m m e broad

i nventive concept. J:1Patent Specificat 1%n5108391’15p‘ec tv2Mdoé 13 | 11111 |
1212122 g 21222 110 1Yl Cdains: 1. Anethod for the ultrasonitc
treatnent Qf . a cancer in subject tissue, conprising the steps of : 5

di agnosi néﬁﬂ%“'si te of a target tumour by ultrasound; robotically

mani pul ating an array of two or nore ultrasonic treatnent probes, that are
mechani cal | y focused onto a con-focal region, to sight said focal region on
at |east d. porA methodifoxthe yltraspuje treatmantpf a gangernin subigct isgue Lomppsingdhe ¢ o
abl ate sai ortion of the target tunour. - 10 2. A nmethod as clained in
claimi, @geﬁ'g?fsi ng the further step of manipulating the array to sight on

one or snore ot W@Bﬁﬁﬁ&e@lﬁbﬂﬂ%@&tﬁﬁbﬁkﬁﬁﬁm&ou&lﬂﬁour. 3. A nethod or
clainmed in claim2, a]Ihjere_i n said mani pul ations are perforimed as a 15

series of stepIohetisalimanipylating aparpy ghsvo ar margipspiciseatmntprabesnthahy one
of the pr i ' i iy t f | ' ht
Carger tunbiebbhafially Boush G568 4 e ool Ehiok o SR RANTE LBy Bl 161 £
subj ect t ippftioh ofisaid targes temoaf; antlep-wi se 20 slices to derive a pseudo
t hr ee- di nensi onal, representation thergof. 5. net hod as clained in any one
of the precedi AGHYAtREsd Brohes to gi?lﬁtgsgw&omﬁq?épetaggeé&m«pgr | owi ng t he
di agnolgi s step, of nechanically configuring said array of probes to give a
desired convergent con-focal region.

2. A method as claimed in claim 1, comprising the further step of manipulating the

array to sight on one or more other focal regions of said target tumour.

3. A method or claimed in claim 2, wherein said manipulations are performed as a

15  series of step-wise motions in one plane.

4. A method as claimed in any one of the preceding claims, wherein the step of
diagnosing the site of a target tumour includes:
ultrasonically scanning at least a portion of subject tissue in a series of step-wise

20 slices to derive a pseudo three-dimensional representation thereof.

5. A method as claimed in any one of the preceding claims, comprising the further
step, following the diagnosis step, of mechanically configuring said array of probes to
give a desired convergent con-focal region.

25
6. A method as claimed in claim 5, wherein said activating step is performed with

predetermined probe parameters, determining thermal dose.

7. A method as claimed in claim 6, wherein said parameters include one or more of

30 frequency, power and on-time.
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25 6. A nethod as clained in claimb5, wherei n—sard—aetivat+ng-step is
performed with predeterm ned probe paraneters, i) ' | dose.
7.- A nethod as clainmed in claim6, wherein sai dlmﬂﬁruﬂ"“gnlllﬁmgg one or
nore of 30 frequency, power and on-tinme. J \Patentc L - m s =

Speci fications\ 08391\ spec v2.doc 11111134117120111J1 11111 111111 CL S 14
8. A nethod as clained in any one of the preceding clains, conprising the

further initial ste of .defi.ning a safe workj.ng egnvel ope for sai.d..robotic
mani pul at i%n jst‘géﬁ.‘eﬂﬁfds“}ﬁ ﬂ@f‘}?&dﬂé?gepsl _ P’i‘?_"%‘il'é??fag?s’\ﬁﬂ ety it o i ¢
mani pul at i;8a] Sepsfdetininl @Gafesw eneldpé KrisiiiroBsticHakiphlaaén fiep.h st eps
can not occur simultaneously. 10. met hod as clained in any one of the
previous clainms conprising the further, initial step of |locating a patient
in an orientatipn such that gaid tanget funpu ite is.whthin -th ge of
ot on_of ai o AMepd bsianed 3 ot B0 hetef Stk ol miahindelils ebodi BT 0
treat nBnt ith SADSARIVatibAsudAGhAbRABiteps chd nol'$RRAf siidtahevusiyne ul trasonic
treatment of cancer in subject tissue, conprising: an array of (i) two or
nore ultrasonic treatnent probes, that are nechanically 15 configurable to
be focusedonto | &ﬁﬁ) 0, eQd pn, M : I |
di agnosti gwprot{}a?negﬁfdo ol cC %%ﬁ%ﬁ%‘geogg &gé}r%%élsal d&)ar %{/@gﬁl opgrr’abl e
to nove sdhitiabstepyf ooslingtdpitient igfah opiehtdtién swdh thatGhidrtargettinmup sitgisawititn
controller_which gperates to activate said probes and said cause 20 notion
of robot i dheranepaf motien phsad ##her such that the di agnostic probe. is

scann over at least a portion of the tissue to diagnose the site of a

target tunmour, and the treatnent _
11. A method as claimed in claim 10, restricted to treatment of cancers in the breast.

—

12.  Apparatus for the ultrasonic treatment of cancer in subject tissue, comprising:
an array of (i) two or more ultrasonic treatment probes, that are mechanically
15 configurable to be focused onto a desired con-focal region, and (ii) an ultrasonic
diagnostic probe;
a robotic manipulator, carrying said array, and operable to move said array and
thus sight said focal region; and
a programmed controller which operates to activate said probes and said cause
20  motion of robotic manipulator in a manner such that the diagnostic probe is scanned over
at least a portion of the tissue to diagnose the site of a target tumour, and the treatment
probes are sighted such that the focal region coincides with at least a portion of the target
tumour and are activated to ablate said portion of the target tumour.

25 13.  The apparatus of claim 12, wherein said controller activates said robotic
manipulator to sight and operate the treatment probes at other focal regions coinciding

with the target tumour.
14.  Apparatus as claimed in claim 13, wherein said controller activates said robotic

30 manipulator as a series of step-wise motions in one plane to sight and operate the

treatment probes in aggregation to coincide with the target tumour in that plane.
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pr_obés are sighted such that the focal region coincides with at |east a
portion of the target tunour and are activat d—portion of

the target tunmour. 25 13. The apparatus of clai ' i d
controller activates said robotic mani qgl at Ord]'m”mﬂﬂ'!mﬁm ate the
treatment probes at other focal regions®coincidifngcwihnsthne target tunour.
14. Apparatus as clained in claim 13, wherein said controller activates
said robotic 30 manipulator as a series of step-w-se notions in one plane
to sight and operate the treatnent probes in aggregation to coincide with
t he targetls unoAppdrsitus M8t cligiiedein duyl lBakesht cRBEREIIRI ®atl 40 whiREs Shils pstotie 2. doc
15 11112112121311212 I~011 12121 11 111 15. Apparatus as clained in any one
of cl aji ms msnipylaton operates & sause the diagnesticrrohe in sean at least gportignsef the sebieste t he
di agnost | G dOREa bt bddlulst fibesto AL 8hsBldcl Mifbeiicfifibnal biSdiGtaRon®
series of step-wse slices to derive a pse 46 thr ea-divensron :
represent aghereof. 5 t hereof. 16. Apparatus as clainmed in any one of clains 12
to 15, wherein said array of probes is nmechanically configured to give a
desired focal region matching to the site of the diagnosed tunmour, 10 17.
Appar at us g cl fs Abitied i Gy WRE bF LAIGS 5!t 4, AR § -gfaﬁ—%gfs?gﬁoﬁ%&obes
have predetermned paraneters determ ning thernma ose. T . paratus as
cl ai med i ris angchamicallyf configunesl t2give al desifedrfobalr regimnpmatching ta théSsiterafcthdur e

t abl e upon,.whi ch subject can |lie, having an acoustic w ndow therein at
which  sai a%ﬂﬁfQJ%FmPFssue is sited. 19. Apparatus as clained in claim 18,
whereifp the acoustic window is arranged to be aligned with the breast of a

subject. 20 20. Apparatus as clainmed in any one of the clains 9 to 19,
wherei n sak’d cofppastieas ¢laimed in claim 16, wherein said ultrasonic treatment probes have

predetermined parameters determining thermal dose.

18.  Apparatus as claimed in any one of claims 12 to 17, further comprising a
15 procedure table upon which a subject can lie, having an acoustic window therein at which

said subject tissue is sited.

19.  Apparatus as claimed in claim 18, wherein the acoustic window is arranged to be
aligned with the breast of a subject.

20
20.  Apparatus as claimed in any one of the claims 9 to 19, wherein said controller in

programmed to define a safe working envelope for the array.

21.  Apparatus as claimed in claim 20, wherein said controller further interlocks said
25  treatment probes and said robotic manipulator so that neither can be operated

simultaneously.

22.  Ajig array assembly for ultrasonic treatment probes comprising:
a central shaft;
30 two or more segmented collars, in a stacked manner rotatably of said shaft, and

adapted to be fixed in a chosen orientation by fastening means;
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e —
e

programed to define a safe working envel ope for Appar at us
as claimed in claim20, wherein said controll e\m “‘“lé“‘!%m‘)cks said 25
treat ment probes and said robotic nmanipul at or didt. neit her*can be
operated sinultaneously. 22. Ajig array assenbly for ultrasonic treatnent
probes conprising: a central shaft; 301gwo or nore segnented collars, in a
stacked manner rotatably of said shaft, and adapted to be fixed in a
chosen orientation by fastenin ans: J:1Patent .. . . .

Speci fi cat i ons POSSREE ¥f>é’&<’_"s?§¥'%3’&eq§ﬁeffﬂeffﬁ%hﬂm fach said Goflay, and;providing
respect | vendiRing baﬂx&rgﬁimﬁémﬁihg%ﬁu ing iPATABHON piind oﬁﬁb%cﬁ{al toail ghagtyi di ng
nmount i ng point, Said nmounting point Iying in a _comon_plane orthogonal to
said shaft; a ragespectivemmmatiached aftheendie amspestive mountingoidcand/e nount i ng

a1 ann 5 205 TRpoRtiopy Baer abia S e SRE e s oS B 07 %2, re of

chosensl engths. 24. An assenbly as clained in either one of claim22 or
claim 23, further corrgri se a di a‘gn_osti c ul tasoni ¢ probe nounting point

| ocat ed at23an emjassemblyeassipimed imelaim 3% vherein spid armiareef cheserdgnefhs. s pec
v2. doc :
24.  An assembly as claimed in either one of claim 22 or claim 23, further comprise a
| diagnostic ultasonic probe mounting point located at an end of the shaft.
10
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