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21 July 2006 1 ULTRASONI C TREATMENT OF CANCERS Field of the’lnvention 5

This invention relates to the treatnent of cancers. It relates particularly
to the use of focused ultrasonic energy to treat cancers/tunours in the
breast, and in the organs through the clear acoustic w ndow of the

abdomi nal and supra-pubic routes. Background of the Invention 10 Cancer is
alife-threatening nedical condition that is deserving of serious

scientific and nedic | v igation with a view to finding inproved
curative treatmnents. a{’hﬂﬁéﬁgﬁﬂwrﬂgcw%%m formthat occurs

I n wonmen. O her comon susceptible sites in the abdonen - affecting both
men and wonen - are the kidney, liver, 15 colon and stomach. Two broad

cat egor iKigd@f theknvention eat ment are: direct surgical manipulation on the
affected tissue and non-invasive treatnent. Non-invasive techniques utilise
nodalities such as X-rays, |asers, mcrowave, hypertherm a, cryoablation

etc. 5 the selT®fd inQbnth réfates b 8 (REREMI S f HRfRBrst '}?reﬁt%q%nicﬁa} to IR and -

position of the target area. U trasound is known t e userul “&s"dne form
of hype®f Heqused uligisarjr energy o dttat camstvimersrs hoteviseast,aa mothe otgans

fl exibl c i desi r.ed ti.al digtribution of ultrasound energy
within '?Hé gtf{llgggeﬁag%?ﬁﬁce‘fvﬁlfio‘ﬁﬂ%@% @%8@&%&?%& f‘f?é?r‘plr}l]%éo‘gesfi xed focal depth.
and frequency of operation. Al so, the size of the focal region may not *
match the size of the tumour. To treat the 25 whol e abnornmal region, an

ul t r asofagkgromnd of dheInventien nechani cal |y scanned over the target area.
Besi;ges this, the residual anmount of energy residing in dispersion zone and
its overlap during scanning over the. target region may result in
undesirabl e Kaheespist 8 life-thichieniay emletticald cOAdiBh thitS &l@eserving of serious

scientific 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 Ulirasound 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 High Intensity Focused Utrasound is a non-invasive tec nlﬁhe capabl e of

‘sel ective destruction of tissue volunes within the body. The aimis to
produce damage in 21 July 2006 2 the focal region of an acoustic beamin a
predi ctabl e and reproduci bl e manner, while sparing overlying and
surrounding tissue. A specific nulti-probe technique, such that the
individualgprobes are excited in unison, at conparatively | ow power |evels,
i s knowrfhe @ie‘egmrqﬁlaa agbustivi beakminva pdicablehand feproduiblel Madite, What ment
of bral |s escrihed.in the publication: Chauhan, S, Davies,

| CRBABE Bl ciying Sad TRBIRRE i, Jeofeptisanltyseteiormias Fushihadin
Neurosur:g&aviﬁuaw:bbaﬁzeabfcstedm{uu% 8ot as outlined
in the publication, is not dlrectI? ap ﬁ?%@%%%kWU&R%§h$% %@%ﬁpn
abdom nal and breast cancers. There are |nportant anat om cal differences
bet wgen t he t and head, not.ahly the bone envel opi ng the
bray\ﬁ As sui@n@%%e &rﬁ% OWP SpRKda ﬁhvm Hitin 12 et‘FFéhB‘F“éPﬁ Tedn aNseTSabl e
wi t hout is elenotibed i the publieatioh: ChEuhaak'Y, Daviddi B.1.1 Tows, M, a%' hmp
mani pul ate the orientation of the ul rasoni ¢ tranhsducers. ébdonen

it is tROcH§eBLrobRPysinn éordﬁﬁ%bwé Nevregurgeryu§itiasomics) o3, mwewoo: here

are int at OI’I of the ultrasonic

probes gg]géé&?&fgeﬂfs%ﬁgwgrﬁo Jec bemtﬁep g%%% apﬁﬁ%%ﬁo&he[rga@pgm de a

f or m of abdwminetiand breass cancers. tTMéIﬁﬁﬁmﬁtfﬂaﬁﬁﬂﬁa%rﬁxchﬁﬁﬁ’e&%@ssb&ﬁeém%ove the
and reduce the unwanted danmage to nor nal

efficacy of 'such a it
ti sdlie. DOHAR RIS, dgﬁ ‘%lsﬁ\ﬂ?Fbeilb he boge fenvelpping ghe thraif. t s prchsant
i nvent | aﬁmeaa&r&oualqug e B 002t S Gncll Ehiisl B3SO G feoat Mo

of a cancer in subject tissue, conprising
mani pul gailhgThis lamitselie obilityvo menipolats thetorRARILE of ARAMIFROhiARESerd hat are

25 mechg aII f ocyuse o tg a con-focal region, to sight said focal region
on at ﬁ’a men, it 15 s that pose obstacles to an acoustic window, however there
are mterstlces between the ribs that make orientation of the ultrasonic probes easier.
15 '

It is an objéct of the present invention to provide a form of focused ulirasonic
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

In a first aspect of the present invention, there is provided a method for use
during ultrasonic treatment of a cancer in subject tissue, comprising the step of:
robotically manipulating an array of two or more ultrasonic treatment probes, that are

25 mechanically focused onto a con-focal region, to sight said focal region on at least a

portion of a target tumour whose site is determined by ultrasound.

. In a second aspect of the present invention, there is provided apparatus for the
ultrasonic treatment of cancer in subject tissue, comprising: an array of (i) two or
30 more ultrasonic treatment probes, that are mechanically configurable to be focused.

onto a desired con-focal region, and (ii) an ultrasonic identification probe; a robotic
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portion of a target tunour whose site is determned by ultrasound. In a

second aspect of the present invention, there is provided apparatus for the
ultrasonic treatnent of cancer in subject tissue, conprising: an array of
(i) two or 30 nore ultrasonic treatnent probes, that are nechanically
configurable to be focused onto a desired con-focal region, and (ii) an
ultrasonic identification probe; a I’Obgtl c 21 July 2006 3 mani pul ator,
carrying said array, and operable to nove said array and thus sight said
focal region; and a programed controller which operates to activate said
probes and cause notion of said robotic manipulator in a manner such that
t he i denhidipslaiol, the tissue
to determ ng t he si %eﬁgﬁa@fwwﬂﬁ%ﬁmg% gﬁgﬁgra?raggﬁﬁﬁig%&h?ﬁ%%es are

si ght ed feeal iicgipritand h@rtbgemmﬂd@gntmllerm}nm Oig:sated tdncnahtelseﬁqirol&s padti on of
the tar nd. .ar ctivat tp abl ate said _portion Qf the target

t unour . ﬁse H,{Sﬁb‘ﬂ ?ﬁgls g @‘f mANDUAL U2 TRANDET, SY e that (the: eptifigstioni ded a jig

array Qﬁdﬁiblsyarfnedi oviért dt 36N h poitioRI RO s Q@@&eﬁﬁfﬁ@rthéklfwof Srafigept r al
shaft; two or npre segnmented collars, in a stacked manner rotdfably of

sai d shdPHouLsApd the drsatatent probes alﬁlsiélébdl sucly theh Sedica region edincideshyitli ast eni ng
means; 3¢ [S§P£ NG| ext endi each sal d collar, and
provi di ng nounp{)ﬂrtlléﬁgm nt %&gﬁgg |aﬁ%a%b"fakpqoli}?a%s"i“ PO dRe pl ane
or t hogotagetttamea. d shaft; a respectl ve arm attached at the end to a
respective nmounting poi nt and a respective probe holder attached to the
other end of each said arm Brief Description of the Drawings 1In the
drawi ngs: Fi gireihled SsRcP8F SHE f uf.g treat rrent assenbl y;
Figures 2A, 2B andr f 8 per spg)c%slg@e}ﬂ\x%%\(\ﬁ(gl otﬁer% Is g%%lded y in three
f assembly for ultrasomc treatment probes comprising: a central shaft; 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; a respective arm attached at the end

to a respective mounting point; and a respective probe holder attached to the other end

. of each said arm.

Brief Description of the Drawings

In the drawings:
Figure 1 is aperspective, 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;

Figure 5 is a perspective view of the robotic manipulator assembly;
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configurations; Figure 4 is a schematic di agram show ng the range of
controll ed novenent that nmay achieved by the robotic manipulator; Figure 5
is a perspective view of the robotic mani pul ator assenbly, 21 July 2006 4
Figure 6 is a schematic bl ock diagram show ng the control circuitry and
interface to the robotic manipul ator4 Figure 7 shows the clinical
treatnent assenbly in use; Figure 8 is a perspective view of a franmed cup
el enent of the surgical treatnent. 5 apparatus; Figure 9 is a schematic
bl ock di agr afi@¥e b2 sehsmatic egk dipgram Pwmsethgeﬁa@rc&&ucmuweaaﬂn@tmfaceand

Fi gure gpﬂg}gqun la&‘)rdl splay representing surgical planning using a

gr aphi c user ace 10 Detail ed Description An enbodinent wll be
descri bed wi ﬂgmeﬂehmﬁetchnicbhréanﬁaitmtnlﬁmbrse;ast cancer. In particular,
a met hod of &reat a clinical treatnment assenbly, a robotic mani pul at or
15 and cont r S1§4E aam&wg&%&‘gw 19 Aefagred Gup) clepaeri ¢ dhe sraical reatment! d be

undegst gaghrafggwever, that the invention is not so limted. The various
aspects are equally applicable to the treatment of other forns of cancer

t hrough sof t Figuss Qds acschematic dlooki civgram biiitied bperatienabodbe of theestigioni al so
can be %l‘%ﬁllpll chI |n a purely diagnostic node. 20 Mechanical and El ectri cal

- Arrange shows a surgical treatnment assenbly 10 in broad
detail. An Om@émgmws%a& did rABREAL duRHc A pRARK rranged
to receive the patient's br epfﬁt sﬁﬁll"% @ CEWP g%@%aﬁlﬁcﬁ

user interface.
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 foﬁning 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




subj ect breast is received into a half-hem spherical frarreza J&:"ﬁf&“&% to
descend into a tank 25 16 containing a coupling nmedium (e.g. degassed
water). The patient's breasts are isolated fromthe couplant by an elastic
menbrane form ng a boundary of the operating wi ndow 14. Suitable fornms of
menbrane include.latex or polyurethand. A robotic nmanipulator 18 is sited
partially underneath and partially within the tank 16, and carries the
ultrasonic probe assenbly 30 used for the treatnent of the subject breast.
Qper at i okeatioaiitheoframel &addthegolsdit martrilaion] & sisuclethalthe subjucttbechsowill he base
of the eraf. table:.12. The relat.ive 21 July 2006 5 |ocation of the
frane 13?%"?4@%"{1&@6?8%%?‘?80%‘?@9?Ec{bé’ilci%’n}péﬂ%‘lfch that the subject breast
will be within the range of notion of the robotic manipul ator. Turning
then to Figure 2A, a first formof jig assenbly 30 is shown. A central 5
shaft 32 has Twniag thayieebigute 24) 4 firg foun o8 fig a8®nihly 30 geshdwn. aAsteatrkied

ft, ~FE | | t at e .about d be fi L nt
post 1 orttal 325 ke seamet cfiffes 34, 5 35 il if B atiskeHanmer e s etis nown)
Each collh dotlsr cintraaeshouf) anil b Y o DsTHRARA thd Zhafd iypicafi%ibyw op and

bottom nmounting nenbers 35, 39 in the stack provide an offsét “su t hat
al |t hr esreyephBe dikp (unf ishevm). fashicoHe hesiatiached de iti smouvatingomerabieri 35, e

hori zont | I l.ar, 3 I . e..havi conmon
origin) ﬁa&%ﬁnﬁﬁf@%&t}%@“ﬁ%‘%ﬁﬂ%&ﬁég 30 incSadf nbiice PR 35, 37,
39 i's arthatraihhifbe ndnbofiproaidetaltofitiog poiid thadfs dhiothted n MeTbAMRaIHfane?8. 50,
into which is t{:lecei vgd respective ultrasound transducer probes. These
prob@s gbrough thegentral epllar 30 Gire. ihavinggareonumon prigle EFxteadingt from G t he
probes Gasg ' ks [ A [ he rel ative
posi tioni ng o%%tg %1262?%29@1)6% hﬁgﬁﬁ%&h%ﬁﬁf gg%e%[?&?lod'q’%g’ %Ea’?? %1163‘%%(%“.(1& the -
i nter- mfothchisg speveattd 48n50,riewpehich ierdceived haspedtivendtranisd dlnsddder 44
These rela})tivi I‘eng&hs %g@tgrm e the angles of the sleeve 46, 48, 50 (and
thus t h@™ 98 ERESEPEOYSE Sheth 89 areshpest segh in Mg 2bhe hori zontal plane. The
enbodi nent of Figure 2A differs fromthat of Figure 2B

15 The orientation of the probes can be adjusted to give a desired con-focal region by
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 p;dbes 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 region is
ach;eved._ 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 ufilised — the




20 in this regard. For the configuration of Figures 2A an§12]§y299316
symmetrical focal region is achieved. For die 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 fghem spherical volune of space; this
broadly representing the volunme occupied by a breast. The resultant shape
of focal region can be manipul ated further by the choice of probe, such
t hat snaletisiphus teeclnict anerzsed apbh the dovatien andNdatised shdps «fhthe sabject t hat

the 30 _m ninu ey of treatnment prohes is two, since . a degree of
super i myyEP l&?nhn {OtRRY Wer5-ed depire Sgﬂ%aliffg‘&‘ﬂéegl%%a?“@&dahyl yay Hgﬂ@ t han
three praB®sr, Wk A8 rélhtived GiRBtatiohRe drlprdblsy 2006 6 decision is a clinical

one based upon the |l ocation and | ocali sed shape of the subject turnour
itself. In other words, a desired spatial focal region is designed by way

fot nber , d rel ati i ent at i f th bes. § Th
Ut enprent v dbis it eRE e LGS a6, s @amorea SRRl il PPEes.
oper at i Rgedafind!{H SfSorRht PMWEZ afd'd fécal @6sth Bt N8P SThe #RalEbion M ahocal

region of an " individual probe is oblate in shape with typical dinensions
of 18. nindividual psoheus oblpte inishaperwith typical gimesionpel Bamim andhbS5 desi fethe
flexibilli e | £V i n.the shape, sjize and ., ener di stribytion

i thin CHURERRBCRRCE 8] ds5irkd ReROTRG cehb? BrBtes s Nt Feand o
conf i guiedérgy istribietionl withimOthieCconafdeal! teglvonl bP Briththg BRPFRbEY th A Po6iKic52, 54,
56 superinposes in a con-focal manner so that there 1s, in conbination, a
heatlP ng CeMHEI0Byf f i ci ent to raise the tenperature in that focal region to
abl ate the targeted cancer cells. The surrounding 15 tissue, through which
the respective ultrasonic waves pass, is spared. O course, once the probes
are fixed i nThe alttagonie ridiation Sorarthy re3psctive probes SN, 56 superimposes in a

con-focal manner so that there is, in combination, a heating effect sufficient to raise the
- 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 jig assembly 30 within the tank 16. The shaft 32
supporting the threé probes 52, 54, 56 mounts from a carriage 60 that is able to be moved,
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shaft 32 that can 'nove' the focal region in space. In ot Her  wor S, a

cancer in the breast typically is of a far greater size then the foca
region, and thus a path needs to be 20 traversed by the focal region in
order to ablate the entire turnour site. This function is achieved by the
robotic mani pulator 18. The shaft 32 7s adapted to receive at its free end
a further ultrasonic diagnostic probe 58. The purpose of this probe 58 is
to provide an inmage of the target tissue as a 25 function of distance,

t hat cam beonisdidbleonatekr,ne tl[adsirizbntal plancodartidibod o plasform @R oby mﬁbﬁﬂeﬂ by the

treat ment praobes, as Wl _ be ex ned, in f r. detail bel Referrin
t hen ton?ﬂt%tf%egﬁl? éﬂ%‘o@ 67 frong ﬁ‘g ﬁ?fi/é‘? $hat passes, oy sae‘ﬂate‘éc hema'? ic
di agr amgapdiotnt 4Rt & thehalE eP M fak 1%f Ee’i‘ﬁgf‘a gsseﬁ&ﬂﬂ%@%\n &sﬂ TheGfgkon of

the 30 robotic mani pul ator 18 and the jig in theTtank 16.
The shabthSch@u;bpfb|6E1|tndpetrhtatetdrh}eaaﬁmhabésctﬁﬁal 1hdtor Eﬁ Phe natsryfstapm 8 isarr i age

60 t | be nmove 1. Ju ontrollab nner
Che. hor CoTiAT By i Ehe ehRrsecrp (At moms B nvésical Sl ibwmoer 62 K Yoy or 63,
The pl atfrtfeMefbdtrical MG P4l caiked the!EiigEe F0ab thebdordudRbbipaRSRIbINHOUEN 2
wat er - tlr%r:;;i jIOI nt@ﬁ6 |£y£he gasgw;;ht&?utagégl& te;gdggtl rilq‘%llfdrrliva rotary
st age 68¢ eblantageéne Zae¥ motwn, € ave 3 atraw oal en

| ect t { 68 f

70"t hat “RERient oo Seb R mPuHC R e 5 B aRmaitbley 1 ° 1 79°

el ectri Qﬂéw@agrﬁﬂxpﬁ,@esbdtﬁqnﬁﬁ@ﬂmag@ adlletsd. be controll ably noveable in
the vertical plane. The x and y notion can be achieved by a screw thread

or B&lt-driven arrangenent. Q her arrangenents, apparent to one skilled in

the art, als S this.. ) bot | ¢

mani pul at or ?sﬁg hﬁlgvgl w%nﬁbﬁu‘%’\%ﬂ%@%@\@“&% ﬂi‘%gngo%%e?i@ be

mani pul appropridt¢lipprotedied ﬁ:amlqv.ﬂae'dgﬁe&. be appropriately protected from water
i ngress.

(DS(

Figure 6 shows an electrical schematic diagram representing control and signaling

15 for the robotic manipulator, and the treatment and diagnostic probes. A PC-based
compﬁter 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 oufput 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 6-servo

unit 92 drives the 6-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 incIudes 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 5_8 returns an ultrasound image of a scanned field as a function of distance. This
30  image signal is provided to the inpuf data bus 108. ‘
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Figure 6 shows an el ectrical schematic di agramrepresenting cdftrol and

signaling 15 for the robotic mani pulator, and the treatnent and di agnostic
probes. A PC-based conputer 80 is programmed to control the operation of

t he robotic mani pul ator and the probes in a manner that will be described
bel ow. It has an output control signag bus (of any inconvenient form

whi ch provides control signals to three servo-controllers, respective
being for the 3-axis nmovenent of the robotic manipulator. The x-servo unit
84 20 drPwgmostineand &réagnenmdt or 86. The z-servo unit 88 drives the z-axis
nmotor 90. The O-servo wunit 92 drives the 0-axis notor 94. The control
signals also control the respective anplifier units 96, 98, 100 that

provi de powergj i i n 56. Each of
Phe motore  Surgs7GisoR foSuekRE SLbs, 10 BEWKE i P Her e Wy Bory ot
opti cal nPsensd@srthe Opsratimgitabledie. t Freet subjeot/bibest iareceivad ity thel feadd ap 13 te.

di st anc f eedbac i gnal ..on t.he i t.data bus, 108. _ A diaghostic drive
ani o1 Heeshd draaen BeiRung vindpot HE Seinkghigeeied Bt gbelatls mapbnpdge. 55
returns e frbdPeRH 08 id SHRES @ detai BRAN | lvihePS ri ' frdaff ance.
This 30 imagge signal is Er ovided to Che ?’nput ggitngl E)t‘jgc"%gﬁegfr%%y 2006
8 Di agn@sns ¢53 enfingrinehxing hi9. fihg tank 16 is iidled withedegassgl waler 456 rdligingQ i n use.

A subj ect i 1 on th ting table 12. Th
Cuj obt slEBon @SR ARy ottt o fa iy eRBEi UiRbisaRy The dggh  ne

- oper at i mgsenibiyl 00/ hibé been AR tRelcbifi@Red bad id tnd¥R bR rié robdie f ramed
cup 15.is shown in detail in Fi %ure 8, having a rim 117, and three arcuate

ar md 011 soagplater 18 ldiagnomics aml/orfreatment fs then tederfakéred wi t h degassed wat er
116, providing a nedium couplant for effective transfer of ultrasound
energy into the breast. The jig assenbly 30 has been nechanically.

pr e- conflliggmostit dfodei s under control of the robotic 10 nani pul ator 18.
Di agnostics and/or treatnent is then undertaken.

The diagnostic mode is used to identify 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 prdpagate 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 planning 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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Di agnostic Mdd The di agnostic node is used to identify the21l‘181a2 Ion-of, and

shape of cancerous 15 tissue in the breast. This is achieved by use of t he
di agnostic 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 performa
slice-w se scan of the breast. The breast is nmapped to a coordinate system
operating in three dinensions (typically a Cartesian system. Such a

di agnostic procedure can be useful to diagnose turnours in the breast,
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are required to ablate the target tissue. The typical exposure levels are 2 8 sec with a

subsequent cooling of 10-15 sec at a given exposure site.

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.e. 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 fo 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




: : 21 July 2006
operation of the apparatus (discussed above) or by other, convént 1 onal

imaging io nodalities. The joint power levels typically are in the ranges:
100- 150 W (electrical), which manifests itself into an acoustic intensity
-in the exposures (i.e. lesions) forned that are required to ablate the
target tissue. The typical exposure | &els are 2-8 sec with a subsequent
cooling of 10-15 sec at a given exposure site. 15 In the on-line surgical

pl anni ng@st he subject, in an anaesthetised state, is firstly acconodated,
as di scudsichiis g siglecfane ¢ singlgyslice) of the igeaphical iser titatfacecld6tshhwinigng

operati ' r tep 124) whereby the robotic mani pul ator defines
Its cooﬁg?glgf%g&gérg%g%{ Step 126). The diagnostic probe 58 has a role here

in proximty sensing or |localisation with reference to the site. 20 It is
now necessary to accurately rel ocate the turnour, i.e. notwthstanding that
thi's has bedhepBysigianbes the chpice of siting egingly legipnmitingjassterigeof lesiops i028) .
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spatial accuracy with respect to the actual |ocation of the subject
tunmour. The physician now has a pseudo three-di nensi onal image of the

breast from (80e v st of Hesidrusclutsi twen 6b idertifiednthen ¢lansrgicalcprotaingd shay
detg m ned. Th cted area_ of the breast

hysi cL an _now, demarcates the_aff
st : _ *which is
(stdp 1507meREs by eplseiqrofichtmend<Berey e g PBSEed fegmmpbBrobs 205 whi ch |
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showi ng the process of demarcation. The physician has the choice o6f siting
a si ngl &hqrebpténmanipylaiey cais be centealled byltes plyrseidnto “fire’ and then site the next
lesion, or the robotic manipulator can execute all lesions in a programmed manner. The
treatment 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, 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 strihgent 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 reaéh 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 i,ntervention‘in a specific tissue (i.e. in a breast, as
described above) and after patient registration and homing stage, the robot is configured

30 tomove 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




5 a single plane, or siting lesions for the whole vol une & PKE®r nour
before applying the focused ultrasonic treatnent. One of the
considerations in making this choice is that the shape of the tunpur may
change after treating any individual |esion. Once the set of |esions has
been so identified, then the surgical jprocedure may to conmence by
application of treatnent energy to the configured treatnent probes, 52, 54,
56 (step 132). Such treatnent can be in an automatic or nanual node. In

ot her wdredsovidedeo restrivt it metiomin thitoireaiily b he Py bostrdlyhdwiseR & cian to
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t he precarious nature of human anatony a ogy, an

sui t abl yhitdb¢ exgantissnedit eay sthgs ofdnferwentiondwing the &isiomirtg progessur gi cal / nedi cal
robot must be the subject of a stringent safety regi men. Mechanically, the
robotic systemis configured to nove in a restricted and well- 25 defined

wor k- envel ope\nofiiee @faﬁtfb&ﬁe ¥ ke SRMRPAIRRA Gh ﬁ@eeﬂg?%}éﬁéi%:lancéntetﬂcﬁl%passes

the human torso, and thus is capable to reach and tr ers/tunours
t hr dgh Pecdres.  The Srratmpridbmisally compsisese git vxppsire hofa2-Sseas tolloveshidy

trans-a ] r ' I | nterstices However,. fo specific
i nter velr%?@glﬁé r?déﬁl'&s%eg???@b%i S?Eﬁlg te ?t.’eelfogf’wsa?cﬁ‘?r Xp‘:é’grmﬂlé@c‘?]ichéﬁatabove)
and af t ¢hre qnatgyesab-systginsto thé probesdis dofhii mﬂhﬁgtﬂgeroﬁolﬂwveb.lsﬁer&tfonp ckgured 30

to nove the jig assenbly 30 only in a subset of the available work-envel ope
wi th suiteinbgt Plasssathedigassembly Hhat 2 suitapde lagioning pesitiaa, yhe porver toviheches and

nmechani ¢alot iTHRLIPTKR tﬁﬁxwva%f}th% Y86t 22080t more during the application of ultrasonic

15 energy.

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 surgical 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 efféctively 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 guidé

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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. be provided to restrict the nmotion in that area only. The prirmary control,

however, is to restrict the trajectory by software. For instance, in the
case of breast tissue, an annular cylindrical area is allowed as 'go' .
area. The radius of the 'no-go' inner cylinder is sane as the franmed cup
15, followed by a 'go' outer annular t2ng area wth extended radius 5

equi valent to the focal depth of selected ultrasonic probes, followed by a
'no-go' area in rest of the tank. This is done to ensure the probes

envel opigeptiviredensd dimas ¢ven efithe ader ofoonly R0tminhtes. oF aexamipks s pliysivish St age
of interyention during the,lesionin rocess. . Anqt her safety feature can be
i ncor por‘_:gﬁ 5%05820 tpﬁ%gr%'ﬂélpgylﬁg W%m%‘tl&teﬂu‘ﬂi Zesml‘é%?fr"’d’f?é( ronpigach pihst Hent

typi cal lije affoRted $SioR An@XRES BpEmBing?a BoWBE o abint O¥Siin yzon%ogl.lﬁ’epg dead

time. The power supply to the robot is accordingly programred such that

t he enercgpossin - Bieseduped dimeymdpr staesthétis id benedioial thuthe sepjeaty ' r obot nove’
opergtion. Once the robot places the jig assenbly 30 at a suitable

| esi Oni ng position, the power to the robot is 'cut-off. tn this way, the
robot can noiNuidréusdlieraiidpnt RAd apsdificatiohs) hsGhould bE %?ﬁé}kﬁt toloneS@idin The
enbodi ment described is wth reference to treatnent of breast cancer,
however theast.ccan be pade withoutdenarting fronpthe brosdrinvaative canceply ough abdoni nal  or
trans-pubic routes are contenpl ated. The surgical assenbly would need to
be nodified to provide 20 the appropriate acoustic wi ndow onto the body and
the jig assenbly al so may need to be reconfigured to better suit the gross
physi cal anatony of the treatnent site. Enbodi ments of the invention offers
specific advantages in that there is precise control over the ultrasonic
energy to effectively ablate the site of tunours. Precise 25 |esions may
be obtained 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 adjustnments is nade possible. The ability to treat the
entire volunme of a tunour under: autonmatic robotic control renoves the
requi renent of the physician/radiologist to have the extensive experience
of visualising the three-dinensional region and nanual |y guide
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30 a probe to the next suitable |ocation/plane. Traditi ona% gﬁ'rgery on a 2

cmtunmour may take up to 2 hours to perform In contrast, treatment by the
present apparatus may take a 21 July 2006 12 greatly reduced tinme, even of
the order. of only 20 m nutes. For exanple, the physician can chose to
program and place any two subsequentjsl esions far away fromeach other in
the affected region and thus optimsing a | ower or absent 'cooling zone'
after each exposure. The reduced tine under anaesthetic is beneficial to
the subj@etms:5 Numerous alterations and nodifications, as would be apparent
to one skilled in the art, can be made w thout departing fromthe broad
“inventive concept. 21 July 2006 13 Cainms: 1. A nethod for use during the
ul trasortic t Acmbied forake duS@ ERIuliribofid RcBBient bBS Uhcer HLHIMdcEtifGe! he step of
robotically.manjpul atjng an array of two or nore ultrasonic treatnent
probes, cf’ﬁ‘é’f'm t:hg*‘tf"r%@‘uani cally focused onto a con-focal region, to sight
said focal radHofliomh 1 : e siteis
determ ned by ult rgsggﬁf{hﬂ{aﬁ%&%ﬁrﬁ%ﬁg‘g& glgmc e&@r&@ﬁ?ﬁ%ﬂﬁﬁ%ﬁ@%ﬁri sing the
f ur t her @& TBgfhanicallypemsedantang coméocahfpaipn, to sightyteid fonalagegionen ableestat her f ocal
regi Onsp&fﬁoﬁafgta}g%fﬂﬁ%uf YEite def&n%é&%@e{soﬂcﬁ' med in claim2, wherein
said mani pul ations are perfornmed as a se€ries of step-w se notions i.n one
pl ane. 4. A nethod as clainmed in any one of the preceding clains,

conprishng t i nt.hey. . f er m.ni the site.of 1 .target tunour
bymtjl tr%'sgun‘g, éﬁé@o@?%ﬁ%&%?e%%@”%@?iﬁgﬂﬁef @e%%’inﬁﬁ‘lp P’Fﬁg{hgn array.

areay 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

series of step-wise motions in one plane.

4. A method as claimed in any one of the preceding claims, comprising the forther
step of determining the site of the target tumour by ultrasound, prior to the step of
robotically manipulating an array,

5. A method or claimed in claim 4, wherein the step of determining the site of a
target tumour includes:
ultrasonically scanning at least a portion of subject tissue in a series of step-wise

slices to derive a pseudo three-dimensional representation thereof,

6. A method as claimed in any one of the preceding claims, comprising the further
step, preceding the step of robotically manipulating an array, of mechanically configuring

- said array of probes to give a desired convergent con-focal region.

7. A method as claimed in any one of the preceding claims, comprising the further
step, following the step of robotically manipulating an array, of activating said probes to
ablate said portion of the target tumour, '
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5. Anethod or clained in claim4, wherein the step of determning the site

of a target tunour includes: ultrasonically scanning at | east a portion of
subject tissue in a series of step~wise slices to derive a pseudo

t hr ee-di nensi onal representation theggof. 6. A nethod as clainmed in any one
of the preceding clains, conprising the further step, preceding the step

of robot call ni pul ating an array, of mechanically configuring said
array of hprob%én%dgﬁsfga“&e‘g&?lwsd’&w gdf activeting glemis pedgined with A et hod
~as clai ”Pﬁdétﬁn@ibﬂp%t@gﬂfan{e’]@?s Bétﬁﬁﬁgﬁé]ﬁe?ﬂeﬂnﬁs gonprising the further

ep o

. 2 dOF e, -
step, followng the s roboticafly manipulating an array, of
activating said probes to ablate said portion of the target turnour. 21

July 2006 8. ' I clai.m 7 erein.said activating step
i's perfgfat ecf‘%e%ﬁﬁagggegetglrl?nia{r%g’ \551?%%83 ?P%%F%’Pclﬂ‘éﬁﬁﬁrﬂrmoﬁﬁoﬁahe t her nal
dose. 9.froquersyinoavensnddrefimred i n cl ai m 8, wherein said paraneters include
one or nore of frequency, power and on-tine. 10. A nethod as clained in
any one of the preceding claimA, conprising the further initial steps of
def i ni nd0a s&fmethod ki clgined e kopene @it prloseduphhingG, SRk Id ARG ep- 11. A
met hod %&-ﬁls%hgﬁid l.n. Cl aj#m 10, .when dependent on at | east claim7, wherein
said robopd "15’} B P Sfeworking envplopg &y s robolia manigeletinshon such t hat
both steps cannot  occur sinultaneously. 12. A nethod as clainmed in any one
initial step of l|ocating

of the evi pus .cl ai .conprisjng the further,
and ori iﬁn at‘i8 r?betﬁ(’r‘ﬁasgfﬁwegﬁ‘bl clging, g@ vége depandentvoa atdeashiolainn ¥ hekereizuch
t hat - sasald tobbfCinakipfBEdn B 1ikierld MRl . ' id array.
13. A nethod as cl aj ned ?rﬁ%ﬁlgﬁﬁ%ﬂ@gtggﬁa@ eg‘?ﬁhgh?@g{%ﬁ%%@cancers in
t he br ¢H&HL s @Pe‘?!ﬁb’arat us for the ultrasonic treatnent of cancer in
subj ect tissue, conprising: an array of (1) two or nore ultrasonic
treatnent probes, that are nechanically

12. * A method as claimed in any one of the previous claims comprising the further,

initial step of locating and orientating the atray and a patient relative to each other, such
that-said target tumour site is within the range of motion of said amay.

13.  Amethod as claimed in claim 12, restricted to freatment of cancers in the breast.

14, Apparatus for the ultrasonic treatment of cancer in subject tissue, comprising:

an amay of (i) two or more ultrasonic treatment probes, that are mechanically
configurable to be focused onto a desired con-focal region, and (i) an ultrasonic
identification 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 cause
motion of said robotic manipulator in a manner such that the identification probe is
scanned over at least a portion of the tissue to determine the site of a target tumour,
and the treatment probes are sighted such that the focal region coincides with at least

a!p_ortion of the target tumour and are activated to ablate said portion of the target
tumour, '




. . . 21 July 2006
configurable to be focused onto a desired con-focal region, and (11) an

ultrasonic identification probe; a robotic manipulator, carrying said
array, and operable to nove said array and thus sight said focal region;
and a progranmed controller which operates to activate said probes and
cause notion of said robotic mani pyjsator in a nmanner such that the
identification probe is scanned over at |least a portion of the tissue to
determne the site of a target tunour, and the treatnent probes are

sih ght ed Buch Tfhhaappahamfoi‘calaim_el}i,Owh&réihnﬁdiclli&:bnwnebd@tivdt@asiid I?bot%djorti on of
the tar -fumour and are activated to ahl ate sai ortion of the target

t unour . q%‘“f:[h‘%f %B@q atid Spegato Hhecte %{Mffg)ss af other ol fTegiongieeingidings aj d

cont r ol Iveith the tdrped tusougai d robotic manipul ator to sight and operate the
treatment probes at other fecal regions coinciding wth the target tunour.
16. Apparatus as clained in claim15, wherein said controller activates
said rolgli c AppRitubdl 8faBiiedh chifA’s| ferdin SILHMLRE A4 QN5d! BufRe P! ane to
sight and operate the treatnment probes in aggregation to coincide with the
target DAREGatoras p erigs| efnsien-wise Apetionatin ona plaeatonsight i and aupgraten theof cl ai s
14 to 1 | j I.C, ' t er at.e cause the

i denti f%%%gﬁ%%ﬁ%%ggggﬁbg?m%gwg% pt'?lgf’tﬁgwmgfmﬁﬁéﬁmgeum ect tissue as a
series of step-wise slices to derive a pseudo three-di nensi onal

‘represeppati f 1o . ratu S, clajnmed in,any on f clains 14 to
17, V\he?}éi n ‘gg? a£r ?gfl%lﬁgdprng\%g ong SO%nfz%'ﬁlﬁnﬁcé‘? ﬂ9 SBHE E‘f’ﬁ‘gcﬁgkcﬁcgi ve a
desi r edmpgipalator egerates imtanke fg itlentifiostioneprobarion@en ai least a0forfidiCof theour . 19.

LY i ed | | @i m 18, - I aid ult t t t b
PODAT 3 45,25 ShiY TP Joe b2 e WSS L LRS00 G LSt ent probes

representation thereof.

18.  Apparatus as claimed in any one of claims 14 to 17, wherein said array of probes

.is mechanically configured to give a desired focal region matching to the determined site
~of the tumour.

19.  Apparatus as claimed in claim 18, wherein said ultrasonic treatment probes have
predetermined parameters determining the thermal dose.

20.  Apparatus as claimed in any one of claims 14 to 19, further comprising a
procedure table upon which a subject can lie, having an acoustic window therein at which
said subject tissue is sited.

21.  Apparatus as claimed in claim 20, wherein the acousﬁc window is arranged to be
aligned with the breast of a subject. '

22.  Apparatus as claimed in any one of the claims 14 to 21, wherein said controller in
programmed to define a safe working envelope for the array.
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Predeterm ned Paraneters determ ning the thernmal dose. 20. Apparatus as

claimed in any one of clains 14 to 19, further conprising a procedure

tabl e upon which a subject can lie, having an acoustic w ndow therein at
whi ch said subject tissue is sited. 21. Apparatus as clainmed in claim 20,
wherein the acoustic windowis arranged to be aligned with the breast of a
subj ect 22. Apparatus as clainmed in any one of the claims 14 t6 21, wherein
said controller in Programmed to define a safe working envel ope for the
array. 8. Jul%pmt}w as]:Bmﬂﬂ in Alapa 22 wherein saidodofiéller Rurthefin®deks WEr €i n sai d
controII t i nt ck aid .treatnent propes and_ said robotic

mani pul a éﬁrt Qrﬁ 5 HE tS g i’gﬁ °. JRangpslaior &9 tbé{)ﬁ’ﬁ!ﬂ%eén‘"é’@uéf’yopeﬁie dajig
array amuitdnyodsl;m ultrasonic treatnent probes conprising: a central
shaft; two or nore segnented collars, in a stacked manner rotatably of said
shaft and adapted to be fixed in a chosen orientation by fastening neans;
a respecii veﬁmglmdmsejmmgf,ﬂﬁggogﬁ%e% «%%Bﬂn % col lar, and providing
nounting point, said nmounting point [yl ngf ina co pl ane orthogonal to
said shaft; 2 ehaflye arm attached at the end to a respective nounting

poi nt; and t‘{,@gp%;égé b ot her .end of each said
arm 25 An assenbl i gmé}fégl rs}eo@lgﬂl’%?és%%% fﬁ%%véf%lt'aﬁbﬁ' %aﬁaﬁfsgla#’l e of chosen
| engt hs adapied tAl‘?eﬁéf Obﬂsasomrmmaémmmnﬁgmeanqne of cI aim24 or claim 25,

further corrp5| g@z % a ultraso r unt i poi nt
| ocated at an end ofq‘?ﬁﬁj Eﬂ? béi Wtlding £68 ek il COlRRE, A Frovidthe
- mounting point, said mounting point lylng in a common plane orthogonal to said shaft;
arespective arm attached at the end to a respective mounting point; and

a respective probe holder attached to the other end of each said arm.

25.  Anassembly as claimed in claim 24, wherein said arm are of chosen lengths.

26.  Anassembly as claimed in either one of claim 24 or claim 25, further comprising

an identification ultrasonic probe mounting point located at an end of the shaft.




