., e3e (6TY_"20 SEP 2002 *166166* Hi gh Intensity Focused UItrasoun SE ennn?
for Scanning and heating Tunors Technical Fiel d‘ Wmmmmmw on re es to
an ultrasonic therapeutic apparatus, particular enS| ty focused
ultrasound ( HIFU ) scanning and treating systemfo'nsetewmr which is an
apparatus utili zi ngﬁh iound intensity w.th high ener in the H FU focal
region to scan and t @l ntensitydk ocused dditrasonmd Sy ground U trasonic
wave is a mechanic energy with good directivity WhICh can penetrate into

t he human body. People j to the treatnent and
di agnosi s of diseases | %%&mlﬁg%ﬁwéﬁﬁﬁ%%\ﬂwgﬁysi cal therapeutic
appar at uses such as A-ultrasoni c apparatus, B-ultrasonic apparatus, etc.
were made. The conmon feature of these apparatuses is that they produce
very | ow Jechmitcal Rtebhsity in the target tissue; usually the average
intensity is below 3WcnR2. In the past 20 years, great achi evenents had
been made in the field of ultrasonic diagnosis, and ultrasonic therapies
wer e devel operhigimdintion yelaadtd fenltxaesnic qhéragduyic aph aMCbarhbﬂaﬂnglﬁlgns in

t he devel gxﬁ :L}t fof u t son| C}i@ﬁ not heragé and hlq?(h in enS|t Lh{asonl o

t her apy i $'EHEIQTYS ( Lscenning and peating ?” Bat the
heat - r esi gh apgaataé uﬁl@iiﬁg Ehe%hhd; 1ﬂt&1sﬁ9%ﬁ1rh1§l|i1 eherfy & themef ﬂ%hl eBlonte VWen
the tenperature is between 42.5 and 45 degrees centigrade, the cancer cells
di e wi t hi fcaBpnditicat the twpon tissuase nor rral cells are injured slightly and the
injury is reversible. By utilizing this difference between cells and the
thermal effect produced by ultrasonic wave, the ultrasonic

t her not heTaghmigal Backgoeurslt us was produced. By retrieval, it has been found
that the patent invention CN91105010.8, -- "U tra-high speed extrinsic
ultrasonic high tenperature therapeutic apparatus” -- belongs to the kind
of apparat us lﬁda'asdmwdvatsoa/mechdmm mdrg;t suii gmgdm:bienﬁviqf whiuhscapqieaairrate

i nvention,is t at.me und i nt.ensi t ert t (
oo "t he it e B SR Pyt bep B Aoty WuEbObi o6, G s 308 e -
then the @fﬂfgh&m@-@ﬂ diseases d6n®hgd, Bent i) altraortié Phi/s16a1rthera ?é\ﬁlcd@ﬁﬁmﬁiseby the
di ffusion of heat produced at the oint. However, the effect of the

appar at us S¢ rultrasquict 3pperisn @sOfed §1C. WEI§ Hiadect 1S/ eCTBRABer
ch 308 I wisn -9 nPaERdesn §t decTh

cel I's ar e fgingb lof i€ AppiRatites iOthat By FREdICE vely lbﬂ)eso%ﬁ&%%néfﬁﬁﬁ thdtrgdihe

increase of tenperature on the marg nis relatively |ow The mass of

cancer it $igsue; usudllyr tgavarage rintensipe is belews hWem’s fInibapast fzﬂuzﬁam great

difficult aEIﬁe\%ﬂ%'isoha@%e%hﬁﬁcfe i the RS F Llflﬁas@éﬁdﬂﬁ osig hﬁ}d‘ﬂﬁrdsgﬁﬁgs' ve

t enperat ure neasuring technique or tlssues In arts

especi al | yherapieswers deestopad gradualipaad thenrvsry qulelasetp . htt@mregmtsmrethgr adl ent
wWithin th f I I

or der 't o acroidmelt of SRR B Sy MR 16N WRelly. Wibbnl BEisEY s

unavoi dabisgecidiytobivioms] ar ge anmount of normal tissues are injur ed, 4. B—type
echo detector is used within very short intervals between therapeutic wave
beans to catch echo and to exam ne the A-type echo inage of the degree of

t ar get daidvbglicall nesearghdrs daverdstovetal thhhihe heat-esistances pf cammker cetisgis-pobrari ng

than that of normal cells. When the temperature is between 42.5 and 45 degrees

centigrade, the cancer cells die within 30 minutes while the normal cells are injured
slightly and the injury is reversible. By utilizing this difference between cells and the
thermal effect produced by ultrasonic wave, the ultrasonic thermotherapeutic apparatus

was produced.

By retrieval, it has been found that the patent invention CN91105010.8, -- “Ultra-high
speed extrinsic ultrasonic high temperature therapeutic apparatus" -- belongs to the
kind of apparatus mentioned above; the outstanding point of this patent invention is

that treatments with sound intensity for a certain point ( e.g. the center ) of the target is

NN - -
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circuit and sanpling-conparing circuit are used; because only two2 0 SEP 2002
successive A-type ultrasonic inmages are stored, it is difficult to observe
the therapeutic effects directly; also it will nake the apparatus
conplicated. 5. The therapeutic head can not aimat the target to carry out
scanni ng r be used
Co treat LRocqBprepBfdiinbARaRel sld (RHARTA frect (Uedimat) stk

i rregul ar by Hegpdiffusign @éggat pseducad gbthe ointr Boweverethe fomt:oﬁthel apparatusris .

i ch i noGt EnaiR afle (IR HERC 2 PRI ol AE DR mARICERT, °L TP

st ress onthehmargss ©f i th¢ icencenfmassyrbuhdht &icnéase) oﬁttennperatuae gt thef mlargimnis

tissues; ip.th t, a realtinme a tic distance-ne r ordlng
pr obe andrezatfvﬁg'r Lgéve[]np?%hev\g\%s B@S?H"afeﬁ%"ﬁi @‘Bén éﬁ@’%?@ f’aé’%aOfe S si bl e
r ef er encediffisioni i3 diffilltt o el Ahdahérbds ttaﬁpmture: @kadlaﬁatheommfnv@me

nt in tw wave bea of the _relat] in the

reference poi nmean ve focus
coor di nat a@%w&t@ﬁ]ra??au?%tmw ”ﬁ%reﬂ%a?skm cepd2ps e&éh%g?éyneepee}aily| enent

i s made, ARAsRIMERUST RempéiGturd Shitbse’ AP tERPGafRE Keradibnt RALHAE OMSt héat
di stance-neasuring record i mage to, coinci de and then di spl aci ng the

ment i oneddiRisionpelume, kjeméfoal@mdmﬂltfﬁwlt Boblaant 3.0ieorder fospubthe Beegnlen

refer encecme#ﬁqasphﬁ&érdﬁmﬂa@ lﬁa&uﬁﬂf 19f1?]tuh§vcﬁ&'£ﬂé‘|ﬁf’alt'tth@ 1Y fognd the
nentioned target are nm t o col ncli e appar atus can used to gl ve

| ocal i zeanlﬂ'@gtﬂﬁﬂws ateoinjypedist B-typgracho deigctor & ugsg within ivery shorbintesvalpart s of

human bod 7

shows theK%tEJagg%@}ep%eﬁft“?g)gb% ane@ ACE%RQE@%%%&]#? Figérs% ?%gg%éﬁélpgutl c
elqw pnent gf iy depree aﬁtalrr]grm dmﬁage dL&inggr&adnerbaﬁ)e tHis pmpesu;ypeic}laﬂ emag@st?_ﬁngg ic

i ves. t nETHORHOARIBEroP LB oL i e DR RIS I8 RUCHETES ATDRE oi gnal
of the fi jRfaseHidtfahtaHRe Efo%ﬂl@tni@.}ﬂlfﬂéﬁlt ne obElé?vd tHeviheghpsitithaffecdd dirbailys econd
gr ade base frequency, .the driver drives _the ultrasonjc probe to get

ul trasoni 8lsp eyl Wlfen‘ihﬁ appasatys egmpligateds éc&%@etaneutr%bqaém @°M%atdhet he

first gragggeils Ewah@sc‘éﬁ‘{iﬁ H‘fo@gﬁi@ﬁld S@Yhetllaﬁ é@pﬁ@ﬂﬁﬁﬁt‘ i8 limhitdd@ HaRhot
gener at or as wel | he refl lected wave of The second Ul trasonjc wave

gener at edbpysehéo meetr ét@ow@s?ﬁr ppiat-lipe, cbranched; stripesbaneds Or «7thesr iregslagake a
perfect Compdakkall oPlarkleiARANLLY shldidiaois. and | mage- di spl ayi ng

ul trasound. 'int docunent, 14 nbdes are listed. In recent years, in order
to avoi d the di sadvant ages of t her not her py, peopl e have nade a | ot of

it rasound ( G et Biain, CRPRROM ] s, AN BOABRRas o

by the pr shehuimb at tiedfargeslof Huovenaliesuag & Camy dui ’ﬁteehmnty It pususttesy os ever al

regi on wi Hit R DisR og FRA T AL R o b B ROt ke RO spRE bl e

region i nstmnammsmmsdlstmqeanwsummg ebeordihg oprobe >afid dememsumenvaxgr beam )

occurs, and cavitation or i brati on ogc H ti.ss S|nthe
Poonl *r eoBtneabt pineo e tssl indd HRIE efofobd dnak M sel oy AR RE AR 1 Moone
has t hr eetheardtieal 166mioA®E 0nt fdférefice pointif Owo HQvE bedrs; dytrhéame @ f trdelatipe of
juvenile eIIsF Jt _is nore sensitive . .tq ultrasonic e.than .t he nor nal

t

tissues. 2cUsiF dBj egcopringts sxystenh Avdnthsotsferencs masls K othsgpredetefmingds ¢ yseqd

poi nt - | 'i KgisPlasérhér Uk ifade, nd 1By EAiRinghgRevisiblArdferend@ sfarks” of ithe bfsustipape of
tree-branches; 3. the nali gnancy degree. of the tunpr cells on the margin of

the tumor lséanﬁ?'g??éﬁ‘uqnlSaFPCPWatlmFSF fi;ecomngide gnd tthen (displacingyihe, meptionedat ment
of tunor EHe?a?iéﬁné SefcRhtbt ﬁﬂtlloﬁ% médﬂoHEd’ fied ah@ese&ﬁfd”l?k‘er%ﬁc%sﬁﬁrk% heiddade
reduced as far as possible. The followmng are t tculties in using

H FU t echangdecusof tqfethc therapausic Waveabeamytand rthe gyensioned tagetyprer avdaite wave (
focal reg mﬁéﬁ nd
short axis kgﬂ?mehe f(}%usgté%giﬁgbne ‘?rsruégttg %?ve lgtzz}lﬁeﬁ)?e et:f%‘ra%ljggtg %l %g%esm?o be
treated sﬁ@epmlcbbowtosﬁtmr@agaofh'anmwwS@)@‘a’smoﬁl%rﬁbasMpe of the tunor can
be determned easily; 3. it should be possible to carry out scanning
therapy for irregular tunors, and there should be various scanning forns
for medical worEeopeano patenbsmmbér ERO7IAMAAL Ishows sthe bélaraaberpstics ovfiman

real -time nonitoring on 4




.2 0 SEP 2002 the therapeutic effects. If B-node ul trasound scannex (i SERSsz@?
for nmonitoring, strong ultrasonic reflection interfering B-ultrasonic inage
shoul d be avoi ded, 5. the nmedium used should be a special |liquid; the
characteristic of its acoustic inpedance should be simlar to that of human
tissues, amdsodis tRaapsutit Ceqdin@muaBiyOfe A bfDErst igtddeCbase féiflenéy, mé! ! not
interfere with the focused sound field. General Description of the

| nvent i ontherapewtin wiraseundrgeneratos hias she property: of raserance @seillption. ehet drisgr nent

for tunorg. .t : S i IS bV i I
pr ovi do. achy G WelepenhiBRLORAS EnBlardi 3 Wik wih e iy AR GBI BP e P
treati ng gradebsse fisquemantsimg thodreing gignahef thy sécomi geadedmsel frequenoni the waves
to form a,space- poj,nt Wi th. hi ner focal reqi.on). the ener .0of the
Fogi on' SRR SFBRI BPioobrehe it ot R SRRl the tatecHE Feibtes to >
70 degr eethecefieetgd avkve dethedfist grdte hlasdnid ®@verprodudeddsy e eidrseutibe t unor
tissue w tgrién t he human bogy to c}%[ﬁr#l oué scann%q?er rmverreﬁgt, g@?rant eei ng
that its PMoRSUnABMErales, as &eflhes | epted VAYE ph ter second HEURORIS Wal® or der
to realizgedehedB9\ie RUFROHE, probe THY InQ¥htos hae fiade dffortfOR{aRE d Perfdre
invention: the high intensity focused ultrasonic systemfor scanning and
treating EQIPNAQIAL| thegapsuld Hiirasoyne r gk imagerdisplayinge wliraspurbwiy tBeur ce, a
B- node ul jsasanipd 454 &fe lied!l ti - di mensional digit-controlled notional
appar atus, a vaduum degassor, a therapeutic bed, and a conputer operation
system of which, the conbined probe conprises a therapeutic head which
generates therapeutic ultrasonic es,.and i mager di spl ayi n r obe of

B mode ul tr adBAtANSYSn N O b o e i amtas o heriometit, Doble Ttie 1
made up omatiéiracidt ddfhsedrcheal o ¢lod areghreat of cranckrnwitk lkighl iatedsity fooused

di nensi on rotati coordin . upper,. end_of the conbi ned obe is
connect ed*t'8%¢ (J'glﬁﬁr)éfn 8 cglﬁe%tlﬂﬁm&%ﬁ,et}}?p aﬁ%‘ﬂ”ﬁﬁ’?‘%ﬁgﬁyzﬂ? E}ééﬁ wat er
bﬁg; at t iwghn‘éldtﬁreiy m;w hwjlfui'agefbenﬁcgﬁﬂ}ﬂsﬂy beﬁhalllbeéﬁrhlSWﬂ\'Ib)' 8 fbalsed bﬁmgdou nt ihng
the water ba 2); the r end. of the water 2) is connected. to the
hoad of ¢ HECSHIER: AR BPIDET PRce, TR AcHR IREG JHEDan A4sraps SOBE-IIRS t ho
not i onal  gyert BIDOWIM s tBrrhél; 98 tHe T&iGH id@intdneeisA iecpdtuicOdlEdlitioat @>amd two

di rensi onal rotational coordinate; the conbined probe (3) is also connected
to the hi GFBreescefEigEade el aequrs candofiitaien o empehpnicph ¥ibmatigsy eceits padBeind
probe is Bl RdhobchlRefofikd @imabeh an@theldiasORiRipad probe and connected to
the B-node ultrasound sCanner; the notional system (4) is connected to the
digit s 2 Q ~EP 2002 controlled scanning system the water bag (2) is

ted t : : o ] - 9) i
ceparately odnmaipaey RGIASR oot mabldf AU FXABLY DERER (%) 1 ¢
B- node ul made apnef gwemileecellsy )it isdingret sansititve db | Wtasooinwiave) thans thermgrdda) and

t he vacuu a . B- e d 0 | S u ; entral
part " of ¢ NS UERara Lttine HEAAE hitatl ASGLRE eRbEReims o LB A RO R 0 " The
space- poi distr{bution| b.riaghe shaper efda bigdmiays, ichén theeshape of iteefbrarivhed;al 3. sthev t hi n

t he i mage-di.spl ayi,n | ane .of B-npde ultrasou scanner .. The, ul trasonic
wnve- on t PIRERSGY £ageE oF TeiBmeb A e hh PARER L O BRES hieher BARABIFT Lo be
treat ed ath@d cote sfgshemmpdred to the skin by neans of the open water bag; the
medi um used for this coupling is a kind of vacuum degassed wat er whose
acoustic inpedance is simlar to that of human body and whose acoustic

attenuation iWhén tHel Reat@B¥ntNBR U tiskie iPedrtied GLEVInNjurNOf The RBHNE @ds@et riC
not or of the nptional apglgr atus_nentioned above drives the tract _base to

move on t FROWHDY reduged as fppas peyible. o follewing arpdhendjlfasnltins ingistg Il | ed by
the | ocat {Lnigd & freatttinfbrst 248 highCerleASApdiR oS uIEAdNnid Qrg{r@?'fbc?a? ré%?@n )

cl osed-1oop control of the notiomal syStem the nufti-dinensional nbdtional
appar at usmust beoformed,apd theeratioristwieeni thé lang daxisegndshort detist o fhe ddcus regien ai n

number of &l 6o gl.ToNthONAl HRLABE ABRAIABNE TR vidlhle o1l he AuRRRY Poveer

source menti one ove conprises a signal source, a sig nmodul at or

magni f i er ancashape ofitheguiboxgancbe determingdzsasily| ek tiv shoulhipgpassible ipenamaiout
controlle i I I .devj . i gpa
rodul at or 522 R EEY B 3B ang Bikte BdiE B Ui Efind Wit B0

si gnal sowmedial wotkersftachoask. 4.Heshonidbe possibinit pebformmagalitime monitbeng bgnal
source i s connected separately to the threedi nensional electric supply,
magni fier, display device, nmanual controller; the magnifier is connected
respectively to the three-phase electric supply and the matching box; the
mat chi ng apparatus gives out 0.2 - 0.3MHz high frequency continuous or
pul se el ectric supply; the signal source gives out high frequency sine wave
signal of |ow pressure small current, which is adjusted by the signal
nmodul ation electric circuit into continuous or 10 - 1000Hz carrier wave
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6 2 0 SEP 2002 water punp and the water bag of the conbined prdb§; SERe2002
controlling electric circuit is connected separately to the circul ating

wat er punp, regulator of water tenperature, and the vacuum punp; the

conbi ned probe and water bag are connected separately to the circulating

wat er punghe tﬁ@r‘aﬁe@i&pﬁfeﬁsuif B%Q&’é:ﬁﬁragtﬁﬂﬁsdcfaini‘e"i‘tlk Q@ed) Tbr%Bﬁ"tonﬂQ%&oﬁQe wat er
Is used as the nmediumfor ultrasonic couplin Under t he cont rol

i nf or mat i blrﬁramrw eaflerction Byerfasing Bfulirasomie umag ild heaveided,tS. dbmmedum@d
scanni ng ﬁé’eﬁtsﬁgﬁﬂrﬂe f%&ﬂ?11§%18pﬁfe3>%mf£9{e%n@{9ﬂt§Eéo%sﬁé‘ﬁn%{/&é?r&e@ngl%uﬁ’& gpe in

motion to carry mensi onal scanni n hat two
or three simﬁanm thaabf huraamtisayes, randtitseacbustic afteheationi shopldrlieolitmbckodhattlhe

t tt i i nt f th
conbi ned BRIV G SRS SR AHET « ho'l nvent i on The ol 1 owing ar e

t he advantages of the above therapy: 1. No surgery needed, little pain
suffering; 2. the tunor scanned and ablated by H FU remains within the
body; nedical researches show that when the treated tunor tissue is left in

the body Gen&aMDEcHBHGE Helle IfRniioATUNi ty of the body; and can eventually be
absorbed by the body and fibrosis occurs. Wien the system nenti oned-above

Is used, the tunor tissue is searched for by the sector scanning plane of

the B-ult ras‘?ﬂ:‘cﬁz@? fcgttﬁ%r te@fﬁﬁc&lhrﬁofic%ﬁﬁeﬁ @%%ﬁ@?ﬁe@ﬁn&r@ fIP LEh&Fs R DY the

medi cal wor ker regl on rapeut iC ad 1s set at a
| ocat i on BAFUhtegumase of davrioning phlama/eomort sdoprovide adiigh idensity foeusedier

t hr ough

conputer , TS pyRE b Baliii shd Redhehlof B imEAIELE Bh R pystehf

di gi t - contaused elirasmacl Iwaves $gsfd>mmaaspdc&lpombwﬂﬂ1hhgh rememgye(focad rhgiad);tthecarry
ey R e e
Because t fie> |70Qﬁ§te@§1 céitighdtR; beidds, thedbeud région is Badd weshtérathaturasr tisué t he

t herapeuti ¢ nn&g and |tds movenent parallels with that of tocal ion, so
the scannagt BRdY: 19cCaTYOUL SERRINIRES FOYEMEH, SHAfaNteRDS Eltyltﬁﬁﬂfgént ees

that the RaRAdovERIhORNRHEHRS tddléat HcAOMoRY MOVement within the body. In
order to maKe certain that the above-said design can be carried out, the

foll ow ng procedures are adopted; the design is further explained by
figures. [y order to realize the above purpose, the following design is adopted in the invention:

the high intensity focused ultrasonic system for scanning and treating tumor comprises
a combined probe, a high intensity power source, a B-mode ultrasound scanner, a
multi-dimensional digit-controlled motional apparatus, a vacuum degassor, a
therapeutic bed, and a computer operation system, of which, the combined probe
comprises a therapeutic head which generates therapeutic ultrasonic waves and a
image-displaying probe of B-mode ultrasound scanner; it is mounted on a motional
apparatus which is made up of three-dimensional rectangular coordinate and one or
two dimensional rotational coordinate. The upper end of the combined probe is
connected to the central hole of the therapeutic bed through an open water bag; at the
middle of the therapeutic bed there is a big hole for mounting the water bag (2); the
lower end of the water bag (2) is connected to the head of the combined probe (3); the
combined probe (3) is mounted on the motional system (4) with three-dimensional
rectangular coordinate and two dimensional rotational coordinate; the combined probe
(3) is also connected to the high frequency electric power source (6); the B-mode
ultrasound probe is mounted on the central axis of the combined probe and connected

to the B-mode ultrasound scanner; the motional system (4) is connected to the digit-



.2 0 ~SEP 2002 Figures and sinple explanations The follow ng are the figures
for the description of the invention Figure 1. Figure to illustr& @ 35’%2002
structure of the invention Figure 2. Figure to illustrate the structure of

the conbi ned probe of the invention Figure 3. Figure to illustrate the

functions c&l‘ftrotlllag Féa%%‘r EEYsT pr}gquﬂerzlba (g%é %nfl&téd[ tJo"tﬁ% { @ga?!r?% ( soni ¢

hi gh frequency e ure acuum
degassor fhegcomapiBer, opératiome sgdberft| (@ersepamlyd cogreated of tltehhlghoﬁ'pqueacy

operati ng stem The Enb nts T structure U s for .treating
Cnor | o aRiEh T e (6 T Bafiund tainer (o debesiEnilsRimpeq
there is smlﬂ(gjomtﬁ@padmmdgagoi he water bag (2); the lower end of the
wat er bag (2) I s connected to the head of the conbined probe (3); the

combi ned probe (3) is nmounted on the notional system (4) of

t hr ee- di mensitgpad_{ehansdLad Pﬁﬁﬁr' di ?eda&gtﬁe"‘&n aFFﬁﬁ lo?RL tHe?ﬁp%hh@”al

coordinate. The electric powe erapeutic ultrasound 1 n

combi ned peagdhthrowgh adiusmenteit lbguftrﬁéeeﬁ tlhét the\snaogmxmtr(fqpaknqgmn) pm(bmed:ed by

t he high

mount ed orF {eanaaye ettty AP B ihage tia Mg Ak of B bRERUMBLAEE, [ 2,
by the B- saatrerulThe alitasonic mmarnttmg)surfacre Qﬂﬂae Bombmuedqambecmllmrg@l under s
conveni en t of
ot onal - oataiiB e el sl sREBATh B ity BeRls Sk B Tl RBY IR °
digit- anhrediulngdseihﬁm rtl\m@oap]sﬁgam 4 &nd a?le%ouamedegamd(\ﬂater whiké laemhswf:t E
vacuum degassed wat er ose, acousti.c . ce is simlar.to, t of human
! ssues. - FROS AR frlag 45 GO (A KoY PRE NIBBLICoSE FLenBRaN sdtiiby "t he
vacuum degassor (5), it is circul ati ng and recycled by the apparatus. The

coordi nation anong Y(bé (7), (8), and (5) i.n their wrk as well as the
| ocus of ezamﬁanﬁgoft rtaaélysca% tbwefpamgeeie%ﬁe THRIOE (o the anefipnah @aPRasAMEt er

(9). s Hleﬁuéx%ﬁ a%QQedeWE% tRd fritd 1blaigeﬁio (?xflovtehﬁl tﬁ@ﬂm ff@& 'Pﬁ@ﬁ%l {02 aldiPyntnby

figure 2. The image-d ayl ng probe of the de ultrasound scanner (1)
i s nount emomnpmteamrgrqblﬁd bm ¢ha loeatipnesangor “ﬂmakezs the éncah@@sgnﬁa@ reglige f ocal

region ( a u ause

t he sounda{%n?ens 0% éor{tﬁ ?%og{él Hrsglagzgng%E&%ucedn@ﬁ&%%@raggga fﬁga(fhead S

100W cn® appatﬂﬂaoﬁb\/\fmddny tive roembirtation ey eepeat additibntdfea temain muingdevefi n t he

focal regi.gon ver 70 de rees centigrade ); the high tenperature

| eads to (Sjlgélgr@?lgﬁl%}?ﬁ]gﬁ&wﬁ@@m?ﬁ f the tissues and further increases the

hi gh sound i npedance there; so strong echo |light beamis produced in the

B-ul trasopjc,i e. In this way the .special |ocation of the thera tic

poi nt | can IHE PRIy BReT SAECE PREESIcEkay POBIeS Ariknah STty Aar e

ref |l ect edniduRedrj iemyghified, e neaichinge bok, @r tyeespiabe. eldemxz@ep;ﬁy,t ai @amedl ami cs

(14) is m)unt?d at the_back end of th t({] ra ed\utlc ,Pﬁad
controller, an interface of computer, and a 1sp1a)P evice. The s1gnal modulator is
connected separately to the three-phase electric supply, signal source, interface of the
computer, and the magnifier; the signal source is connected separately to the three-
dimensional electric supply, magnifier, display device, manual controller; the
magnifier is connected respectively to the three-phase electric supply and the matching
box; the matching apparatus gives out 0.2 - 0.3MHz high frequency continuous or
pulse electric supply; the signal source gives out high frequency sine wave signal of
low pressure small current, which is adjusted by the signal modulation electric circuit
into continuous or 10 - 1000Hz carrier wave signal. The vacuum degassor mentioned
above is a vacuum degasification circulating water apparatus, which comprises a
vacuum pump, a circulating water pump, a water box, a regulator of water temperature,
a water bag of combined probe, and a controlling electric circuit. The water box is

connected separately to the vacuum pump, regulator of water temperature, circulating



el ectric supply driving the piezoelectric ceranic to produce ultr@s®br8EP 2002
wave is provided by the cable (16). The whol e conbi ned probe is nounted
within a shielded shell (13); The water bag base (12) and water bag (2) are

nmounted at the front end of t he shi el ded sheII on the core of probe (15)
there is [ gfsq] core
Is the B- rmd%”p ? rsdgg dflfjen Jil)é Eé&)&g B%bcgﬁﬂén %f}]eey?@gg@e

assenbl ed connenied rseparetetyr tqo &ret tsraulm\mg dsatert puunp ,amgehltdrl ofgwater Imdpa:ranurer ed uce

t he m)verren of bod 03| aused respjration because ther

carried oﬂ{l H’r?dvélf’ulf B}S’d l??ﬁgprﬁg%lﬁ%cﬁﬁh%ﬁ% agr%%geggip?qa ar’iglgﬁgsl des,
the skin efe d‘mﬁtb,tinQWi}ErlpaIﬂpn d&ﬂs&tpbaﬂmtcaﬁdudtd ddgasificatitromswar, Wdrethe SO t he
refl ex inJéVuiﬁyég guc% %‘ﬁ e h| intepsity ultrasound goes through the
ski n surf J@ET &s fheqnedivm fpfulirg F“I"r?é‘ﬁ‘ggon animals, it has been proved
that this assenbling nethod is a practical design. The technical paraneters
of the conbined detector; 1. Focal distance: 40 - 280mm 2. The wor ki ng
frequency of Wmnder ﬁhfreqoaffehpf mformatign-prergssing system, sheppglti-gimensionah digat-of ¢ he
focal reg I é,ﬁﬁfg‘ P 2002
| ong di anlgglgFOHCE st %‘n aﬁ}ﬁeesstﬁ ﬁggl @;ﬁ;ﬂﬁgaﬁ %tﬁg?%%@nf%ér%gﬁger of

t he focal masighde camy et mmmmlmensm@hsqanglnarrm\@menwoihmwomgh@es The
functi ons 4 the | NE
pover soufnersldrel TR el SPubiaE iy fABorREE of 14 B Hskd Bl

t her apeut bodyhbwnthetfocad megiom( space-poinn}of the combined protter asound and forma high
intensity focal region, so that the tunor there is damaged. The

nmuf ti - di mensi onal scanning systemdrives the conbi ned probe to carry out
scanni ng MRMULHFRNAppLEctishdd tHeTavémieal regi on to produce scanning |ocus to
damage the tunor. E)UI’I ng the process of therapy, the |location and shape of
the tunor and the change of therapeutic grey scale are all nonitored by the

B-node ul t rasme%nem&gem%fm& hav &gk Wdhe absed Mer 10w§&§dybyeea€@ns of

the screen of the B-node ultrasound scanner. The % process of the

t her apy i ditipeip suffegugit- ghe éwn%acaemépam@uablptfégbsaﬂlﬂgsnem@w whlme cal
wor ker s ag@a MRS ?&e%hé%o%ﬁén thIhﬁaéambpasﬂe\f@ b tBE bbiye
eve toc ange an

conbi ned det ector causes wat er erapeutlc head

needs coolcamgirengthentihe snmpnite of thedwdiansieeni eyantuglly be ebsorked hiethsihodyl at i ng
wat er  appaf#dosis oceurs.
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When the system mentioned-above is used, the tumor tissue is searched for by the
sector scanning plane of the B-ultrasonic detector and the range to be treated is
determined by the medical worker. The focal region of the therapeutic head is set at a
location on the sector scanning plane of the B-mode ultrasound scanner through
mounting, and the position is stored in computer memory. The computer, controlled by
the medical worker, gives instructions to the digit-controlled scanning system and
drives the therapeutic head to carry out the scanning movement; at the same time it
gives instructions to the power source to turn on or off and adjust the strength of its
power. Because the location of the focal region is in a fixed relation with the
therapeutic head, and its movement parallels with that of tocal region, so the scanning
movement of the therapeutic head outside the body guarantees that the focal region

carries out scanning movement within the body:.

In order to make certain that the above-said design can be carried out, the

following procedures are adopted; the design is further explained by figures.



The key to realize the above systemlies in the conbined probe. Using this
probe the damage within tissue can be caused by striking the ski nzoﬂlifﬂ 2602
poi nts. The power generator is the apparatus providing therapeutic

ul trasonic high frequency electric supply, the principle of which is shown
by figure 4. In this power source, the signal source provides |ow pressure
0.2 - 3.SM+z high frequency sine wave signal, which is then nodul ated by
si gnal nodul diigures andosimple explagatéonsy carrier signal of 10 - 1000Hz or
continuous wave; the nodulated signal is sent to the magnifier to be
duplicated, magnified and sent out. Because there is relatively great

di ff erence béfhadfelowing arerthe dores farf the desctiptioapltheiinvendenl and t hat of the
power source, and different probes have different kinds of inpedance, so a
matching circuit is added to the |ocation between the magnifier and the
probe to guarRpireq. Figardestlusimtcthe Bgudd@e\WE e intéifioni 0 2 0 SEA' 20D The
B- node ul trasound scanner provides i nmage-displaying and nonitoring
functions of the conbined probe. The apparatus used is the ready-nade

appar at usavaibalherigird HAIERIEhe stictulRirhd WAMARIToBE Bt hBSnABn as those

B- node ul traso scanner used commonly. Hence, there 1s no ne r
further description. In the notional system the ball-screwis driven by

t he st epping ﬁ#‘:ﬁ%t?’r i‘fg&?@t%%u&r%’gﬁ@é&n&?o@gftﬁ@iﬂveﬁﬁ&?t ; this node is highly

accurate with tTe®noise, a I Stance-neasur enment cl osed-1| oop
control is used, so the influence of step-failing out produced by the

steppi ng el ect.ri c notor can.,be reduced. The.vacuum degassor cgnprises a
acuum degasdiRe dar ETEER IBsE (iR Bet R RSB D
regul ator of water tenperature, and a controlling part, which are shown by
figure 5. The_.foll ow_ng are shown by figure 6: The main functions of
image-procesgﬁlﬁ‘geén\é\%&%ﬁ?f°-1é18ﬂf4t%7h|eé’8° fe8AS¥T the conputer are: 1. The

B- node ul trasound scanner carries out topographic scanning of tissues, then
t hr ee- di nensi gnal reconstruction processing is carried out through the
conputer. 2. Figwedpctigwsfb pFlaw-pracess diagrmseoishe cempgrencrafing systepedi cal
wor kers according to the shape of the tunor. 3. The scanning systemis

controlled and scanning therapy carried out according to the therapeutic
mar gi n deflée dmhodiments he medi cal wor kers.

The structure of HIFU system for treating tumor is shown by figure 1. In the
central part of the therapeutic bed there is a big hole for mounting the water bag (2);
the lower end of the water bag (2) is connected to the head of the combined probe (3);
the combined probe (3) is mounted on the motional system (4) of three-dimensional
rectangular coordinate and two-dimensional rotational coordinate. The electric power
of the therapeutic ultrasound in the combined probe (3) is driven by the sine wave
electric supply produced by the high frequency electric power source (6); B-mode
ultrasound probe is mounted on the central axis of the combined probe and its work is
initiated by the B-mode ultrasound scanner (7). In the B-ultrasonic image it is
convenient to determine the location of the focal region. The movement of motional
system (4) is controlled and driven by the multi-dimensional digit-controlled scanning
system (8). The water bag (2) is filled with vacuum degassed water whose acoustic
impedance is similar to that of human tissues. The vacuum degassed water in the water
bag is supplied by the vacuum degassor (5), it is circulating and recycled by the
apparatus. The coordination among (6), (7), (8), and (5) in their work as well as the

locus of scanning therapy are controlled and determined by the computer (9).



4. According to the difference between the grey scale of the targgt) BEE”?UUZ

before and after the treatnent, grey scale operation is carried out, then

the therapeutic effects are judged. 5. The intensity of ultrasonic

irradiation is adjusted and energy is supplenented according to the change

I n therapeutic depth. n z 0 sEp QU02 The follow ng are the therapeutic

nodes of H FU system for scanning and treating tunor: 1. Fixed-point

damagi ng t herBeystructurd of the combined fprcheris sBown by Sfiguoei2. The image-displagdgt o

treat tunpr.ti epless than 1 .cml and.di ffused small tu sses.. The

char act e?B‘é"tch&iﬁe PHPSE%%S‘SQ“FFF@%{: b gdn%qn??dngn 'étorﬂ)t[‘% ﬁéaﬂeém?ound by

Weh'm)t i ogee%d appasraies , thathdie ﬁd@el h‘fg&djrﬁmysﬁaSe-paiht efhllgUén \thé me,tttra@zmdermntd
thin a Bultrasoni c {opogr i c_pl ane,. one or re ppints can be treate

separ at el §c_an§1_ngcglﬂ.gq. n]é@p@%cg@ﬁq A lﬁéﬁﬁgtg??d TeROnprpdussd gy Be is

mai nly usefrdpRufic B&dd fsNOOWIEME 1d REGOOW /ca lob TiYre ! the SetBpératuB€bf iAnlos 8. The

characteristic of this node: After the |ocation of the target tissue is

det ect ed H§suete thedord megion povarnhigh ( 3 KR degresssgeptigrade Jirthe highdemperfwegh

di scontin : s deSacl AL YinSial ' oi nts;

17 70 - RS RRHERon e RERAGE G BE idktes (L inSlcRs Wl BIEARIRRY O

ti ssue tr anpaln¢esthbre sy stonveechd light bham tisprodpeed incthe dBeultrasdrdc émage. dnoper

over | appi ch. 1 LS | | | r e he whol e
macs of o R B SR Dttt TR AR T ARRHRR PR HRhRo AN ERRE

i rradi at i degreasf thaghedrapy aanrbelrefléctesl objéctivglythiyrthe ¢hangg of gfky spales used only
once; during the irradiation process, the coordinate systemcarries out two
or three dinmensional novenent, causing the focal region to carry out

Cﬁnti nuous " géRbkieottic cetdntic(1uh e hewhted dithsbaskdndios tiesthempaltiohead; thabl e f or
t he

electric supply driving the piezoelectric ceramic to produce ultrasonic wave is
provided by the cable (16). The whole combined probe is mounted within a shielded
shell (13); The water bag base (12) and water bag (2) are mounted at the front end of
the shielded shell; on the core of probe (15) there is an ultrasonic wave lens (11) and at

the center of the probe core is the B-mode ultrasound probe.

The combined probe mentioned-above is assembled from the lower parts upwards;
this assembling method can reduce the movement of body position caused by
respiration because therapy is carried out under the body when the patient is in prone
position; besides, the skin of human body is in direct contact with the degassed water,
so the reflex injury produced when the high intensity ultrasound goes through the skin
surface can be reduced. By experiments on animals, it has been proved that this

assembling method is a practical design.

The technical parameters of the combined detector:

1. Focal distance: 40 - 280mm

2. The working frequency of the therapeutic ultrasound : 0.2 - 3.5MHz

3. The shape of the focal region : ellipsoid-shaped

short diameter: 1.1 - Smm



treatnment of tunor tissue which is long stripe-shaped. The charact qrﬂsqu: 2002
of this node: after the location of the target tissue is detected Dy the

noti onal apparatus, the therapy is carried out through continuous novenent.
The total irradiation tinme and speed of novenent are fixed, and different

poi nts of t HiRkert 4 §S 1 receive the sane anount of ultrasonic
irradiati onll.aﬁ%F1 A t%é?"gpggg%?‘mi ning all the above three nodes can be used.
The foll owi ng nmethods are used to guarantee that the above patent design is

put into ~z 0, SEP _2p2 use: .1. |y . the.highest ratio of energy
conpari sion (t ﬁ‘ge P’ﬂElF% sﬁ@%@ﬂs@%ﬁ&;@%ﬁﬁ@?%ﬁﬁﬁirﬁ%‘@ﬂsi ty in the focal
regi on and t habver000W/aht f ace of the probe) when possible, which is shown
by figure 1. The selection of frequency paraneter and the techni que of
maki ng the probe are the keys to the increase of the ratio between energy
changes, redRFdhass figld B0 2OUREtesat tenuation, la = (D/d) 2 1D 2. Wen
the rati o between energy changes is guaranteed, use the | east acoustic
attenuation process. Recently it has been known that the | east acoustic

attenuation %‘%ffﬁﬁ&foﬁ@BfHﬁ?Ig erﬂffortt%tiﬂggftﬁ?ﬂg‘gf@%@ggn‘tﬁ%hfél According to

the authors' research, it | he nost pr use vacuum

degassed water as the coupling nedium frequencies of 0.2 - 3.SMHz can be

d di t iff t ' t - : B-.mpd
i trasound sadsn o sBRE; o B bl SRR SreBhorchl ot anis; clilhd 8o
B- node ul thesapeuticiheadatonemit highnintensity femsed sltpasabd aminfdem arhight imtensitgi |y on
th f the.th i ¢, head dthe f i. f .the ther, ti
head can Gabiory SRoBAr i WHRGH oS GERAGe nLbh e LaRTERSIOR ARG ane.
whi ch ar esyshenvribys the $omdindd protiRelol diet ot 3canbitpRdvédiait, batsity e fédul s node

the location of the focal ,region of the therapeutic head on the sector
scanni ng ETelogupdUsE searming, logas oy damaes, the RenarnBuEBSHa RIPCEss of Breraitible t o
menori ze i BcdtRfdindWhapd BE theShARRPIaNg HOY @tofciﬂ&aﬁﬁlti%_airé* §€h10'ke atf- Use
four-coordinate digit-controlled scanning and one-coordinhate rotational
appar at usmopiered dydbe B-mode ulirasovnd proheefthe cpmbingdidstector and @bsestied byal
tissue, I 0 I C j it NR r i te o
necessary IeA L UPsrebe e BURAZLitaloMld aBh B THBIESIE R00ms ' (8 o
sone ti ssthesapiyns tnhder o wentrd) of yheseonpudier frogram designaé by omddjcal iwagkersianénsi onal
rectangul ar | C I i.S.hee X to J her tissues of
the body DoRfiSR SRt CamblRy TR kTR bl ofifE borf PR Bhilor baRy
t wo- di mensiatendével ¢ chapel ad the chatapeatie head needs- choliagsso i compuer alsal
coordinate to canry out. scanni ng. Besides, usually the mammary tunor
devel ops Blhto?lﬁﬁc%lgscgnﬁ?ls?lheecnr%%,g v?gertaﬂgarﬁg& thing to do is to use a
manual rotational coordinate to tilt the conbi ned probe during the
treatment, usyally the .prgbe.is made to ingcline,at .an angle of.0 - 60
degrees to t eécgyﬁ%ﬁeanihgﬁﬁgrab&y? é%s?qnbﬁ‘l_es the combined probe. %smg tfhls probe

the damage within tissue can be caused by striking the skin over the points.

The power generator is the apparatus providing therapeutic ultrasonic high
frequency electric supply, the principle of which is shown by figure 4. In this power
source, the signal source provides low pressure 0.2 - 3.5MHz high frequency sine wave
signal, which is then modulated by signal modulator into low frequency carrier signal
of 10 - 1000Hz or continuous wave; the modulated signal is sent to the magnifier to be
duplicated, magnified and sent out. Because there is relatively great difference between
the impedance of the therapeutic head and that of the power source, and different
probes have different kinds of impedance, so a matching circuit is added to the location

between the magnifier and the probe to guarantee the best matching between them.
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2 ~ CEP 2002 5. The whol e process of scanning therapy shoul d be oppts P | 2
by the conmputer automatically, the reasons for this are: ( 1) irtegular
scanni ng routes nust be used for the tunor tissue is irregular; (2) During
the treatnent, the therapeutic depth changes; in order to guarantee that
all the tuno [ | r [ : - qurfac Lye the
Same dosage. aeUTT o e G AneE ibIEE Arldp Ol Pl el frohfcfy

aut omat i chinktjonscefothgi eagnhined probehThgapparatiepisad i 3he Beadyrmade Appaditfi§ er ence

s oront , \EABSE IEZREHRR RO REAHE §p I6L RN T URLF EBRE M Reohd € o

t he obj ectdansertuked equembnly. Hédoecthsre i§ 49 nedd fos fiatheo desepiptibmnt to carry out
self nonitoring of the therapy. 6. In order to prevent the interference in
the B-ultrasonic i mage by H FU, discontinuous working nethod is used.

Cogt rﬁl I gpl b¥n tﬂtetnéﬁkﬂﬁal Uk em,tﬂiebﬂnﬂs%\ivsieldﬁgera bipthestepping elnﬂﬁngomwner,

and the digit-control]ed apparatys. a r i scont i nyously. ter

early- st a@gvgéwpt nbéli)frafthéﬁ{s-rap S i bty ge%ﬁtsrwltﬁ HEtlE AR and BT | zes
the | mageyidifcOnéasrdmiét cifsbd-15dp doRtrbDR ikdl! So- 1O MRt & s siepFhifihgDut © carry
out novenent; when the next location is reached, the conputer nenorizes the
| at est agePan¢sdibyghe stepping electiie mptar eanegaducedppar at us and gi ves
instructions to the power source to turn on the machine, initiating its

work; then a cycle is conpleted. Using the early-stage sanpling i mage of
t he seconfhe yatuamadegassne doatpeiset agecwmmdegassing meajer bdx, taheaduimspurogcde, t he

COMUL S Bl Bt 3 Ar AT oS B, B RSB BREBARE

scanni ng @leahewnby figared. node ul trasound probe is used to search for the
tunmor tissue, and the therapeutic range is determ ned by the nedi cal

wor ker. The | ocation of the focal region of the therapeutic probe is set in
a position WhBifslidwiag Bk shoda®yifiguseet or scanni ng pl ane through nounti ng,
and the | ocation has %een menori zed by the conmputer. Controlled by the
medi cal workers, the conputer gives instructions to digit-controller,
driving the yihgraBRUifctiBRAGS! i%a%@fp'iéfceﬁ’éiﬁg ShaNdigREoNRYBEE RysteMl of tRe Sane
time, it gives instructions to the power Source to turn on"or off and
regul at e €9MBPYeA®e of power. The distance between the |ocation of the
focal region and the therapeutic head is a fixed focal distance, so the
movenent of the therapeutic head will drive the focal region formed by the
head to carry. dhe Braralewiraspgnd seanner carcice oot topogtaphiccspanning afdhissnesnt  of

t he head | , 0 I 0 f ocal
regi on wi PR sl bRl R R0l n AN AP IRR tncprinifer -
intensity focused ultrasound system for scanning and treating tunor,
conprising a,c i ned _prob a_high frequency, el ecirigc power source a
B-rmode ultra oﬁﬂ% §8$‘HFF8?,P?%P r?ﬁat PRI siaﬁ’népoﬁpgf’}' -@Snwm@fz?leawrfg?%nal
appar at usaccardifg touthe clepef ¢ie tumot.her apeut i ¢ bed, and a conputer operating
system characterized in that the conbi ned probe conprises a therapeutic
head whi ch generates therapeutic ultrasound and the inage - displaying
probe of the 3BTHe deannirs’ HaRUNE Daaol&l and §cahBingRherhpfcatied oubhdcordihg
apparatus which congri ses thr,ee-gli nsi(ﬁnafl rect angul ar coordi nate and
one- or t {thaihrEsrerinmargn deferpingd by fismardical ¥orksiE upper end of the

conbi ned probe is connected to the big central hole of the therapeutic bed
t hrough an open water bag; in the central part of the therapeutic _ bed (1)

there is a bidyAsserdingoto the differance: briwoen e gey s¢alg of thectargehppind bgfase t he
wat er bagy{Pind aiial i kifedtde
conbi ned %écg%féérftgfE?ésjlﬁ%%g%{ég‘éscgﬁeotpﬁgﬁﬁ%ﬁ %atrngd gyétee% i)ﬂ{e\?\ﬂfegﬁ coﬁpri ses

t hr ee- di maregidged! rect angul ar coordi nate and two-di nensi onal rotational
coordi nate; the conbined probe (3) is also connected to the high frequency

el ectric power source (6); the B-node ultrasound probe which is connected
to the B-nodé. (herntensitydofselirasesic iradintiontie ddiusted ad caengyas supplemented he

conbi ned . I is connected to the digit-controlled
scanni ng g@%@@ﬁ%&?@8gﬁ%ﬁ%?gggg*%g§g?§*%onnected to the vacuum degassor (5);
the conputer operation system (9) is connected separately to the high
frequency electric power source (6), B-nobde ultrasound scanner (7),
digitcontrol |l ed scanning system (8) and the vacuum degassor. 2. A high
intensity focused ultrasound system for scanning and treating tunor;in
accordance with Claim1l, characterized in that the B-nbde ul trasound probe
of the conbi ned probe is nounted on the central part of the therapeutic
head, it guarantees through adjusting that the focal region of space-point
produced by the therapeutic head falls on the inmage-displaying plane of the

o D o - T,




phase el ectric supply, signal source, the interface of conputer arg(tSEpP 9402
magni fier; the signal source is connected separately to the three-phase

el ectric supply, magnifier, displaying apparatus, and the nanual

controller; the magnifier is connect ed separately to the three-phase

el ectric sour r ives

Ut 0. 2 - 3. Sy PSR AR W SRR b of PRI doF REAER el /12

si gnal sotl‘ﬁ%imggtums out | ow pressure high frequency si ne wave si gnal whi ch
i s nmodul ated by signal nodul ation electric current into continuous wave or
carrier signal of 10 1 OOOHz. 6. A high intensity focused ultrasound system

for scanni ng l1amRikddrwaiiti dendgifDthetapynrciorstions byifire @;ahi® hode hapmgilpr i zed
in that the vacuum degassor is a vaguugn q.& cil fi fatl on circul ating water
appar at us 54410 G5atPMOE Ussye Jess tham Lotgnd ditfused small fusRprapassss. punp, a wat er
box, a regul ator of water terrperature a conbi ned detector and water bag
and a controlling electric circuit; the water box is connected separately
to the vacuurhsuhpracicagiis af s @PdQ\/aIﬂE‘?rIOPEtFﬁ?e‘?fa@Brt@Setc‘ilﬁs%Ilsafquﬁé byether punp,
the conbi Hﬁ:‘i’ioﬁﬁloﬁﬁ)aﬁﬂﬁ ¥fnCthe RAGHap e}; 'f‘seceﬁ'HQ& ot Wlﬂﬁguph{&l:‘lhtmt' wigaAneRL ed
separately to thé circul ating water , requlator of water tenperature,
and the vabtasoniptapographis planebomeeat moro tpelrmhm/mtmatddesgpm@bconnect ed
separately to the circulating water punp, this apparatus treats water by
vacuum degasi fication, then the water is used as the nmedium for ultrasonic
coupling. 7. 2ACungBinédsienessive ﬁoimushmagingrmsmpytdthgyhﬁiédmxi malﬁlgﬂmad ng and .
treating tumyr in 16 2.0 SE ac nce W t aim1, characterize
in that t 8*‘%@%80%%?3@&8??9“’6?"{Sﬁ‘&%ﬁﬁfaﬁl PeGPon fornmed by the conbined
probe is 100WcnR - 10000Wcrrz the technical paraneters of the conbi ned
probe are: fqgal  distance: 80m working frequency of therapeutic

ul t rasound: OLbg charscts nﬁmz°ftbﬁén ape of focal region: ellipsoid, short

di anet er : Ahef the 1668Hon! oMk tdigdtBEsRE is dbteted %}Zﬂﬁlmdt{&aﬁaﬂﬁﬁaﬁs Mérab?t ensity
at the center of the focal region: over Wcne; focusing angle: 30 - 120

degrees. & cariod o th!fmhsiachmtfrwug wvemﬁmaéo@mmwgv%w &rﬁ?érm’nﬁlﬂ%leand
treating i C a t:&

regar dl esgﬁ?éedmblxggolzgl 2&3%?1@3% gécf‘?)élmts%?iﬁ S ghix‘,ﬁﬂgtehé'ﬁl %tglt?% tg}ﬂt?gt ween

t he aver atjesugdrratediis fully egisired by thet ﬂherapbcbﬁmdeesgﬁhgw iarpgopen axvedapping o8 ur f ace
of the pr &, LRl £ used
ul t rasoungg)cglyts%Fl%#%’aﬁ(})lrB sscglznr#rl] %ﬁgndhltgﬂgg.l we? 8‘&‘?@%@35@??@@@%% Caim
1, char acbelffulhyedhmaged.hat t he four-coordinate digit-controlled scanni ng and
one-coordi nate rotational apparatus are used; controlled by the computer,
the power source, B-nmpde ultrasound scanner, and the digit-controlled

Sf:an ning appa. ﬂoﬂﬁxfm@l& damaking ltlsarqwt u‘mdi)atﬁinylastih@ fora i‘alaivelyﬂgﬁg simey( €. %c uCI sed

ul trasoun stem,for scan treating tumo ccordance wit aim
1, char acSQ? ??e‘&fefl RRhRCt ﬂ@“&ﬁg Q‘{B‘i‘eﬂﬂ gcﬁfF’ob erFBﬂ’(Ea e F L (3T ed
within a shi evgest siied |duhé1%)xona11 hﬁoV@ﬁdﬁt bagingase €dcd) regidnt fee cuvdy esutbag( 2)
are assenbl ed at th frqnt &% ﬁ t leId d shell; @1 thebc0£e tgnf t he
probe (15f°‘EtH’é‘PBS| lation| pyithin, the, o Vrs ?1)'“ i ShesRetiAlly SyHtablgs 1of e pr obe
there is @eMﬂ@ftuh{ofﬁgﬁgmqna{@b@]g(stﬁl@a.shapb@zoel ectric ceramcs ( 14) are
assenbl ed at the back end of the therapeutic head; the electric supply
driving the poezoelectric to produce ultrasonic wave is provided by the

Eag: eAg(lg\l) Y A"% 3e’AY“Ph FﬁcMthé‘Xf fis Medd: HieMife chFord\S2 (Y tafbet tissue is detected

| '/ ty0&{ zby}the mqﬂlonalc@]pw}m}hﬂaqh@eapu d} safricd] w4 threp gl reatirwpe apevgmeat.ca] cal ¢
21 ool o2l S3hE torel igmadiation fime and speed ofnayment are fixed, and diffegent poinis afthe o oo
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is shown by figure 1. The selection of frequency parameter and the technique of
making the probe are the keys to the increase of the ratio between energy changes,

regardless of the acoustic attenuation, Ia = (D/d) 2ID.

2. When the ratio between energy changes is guaranteed, use the least acoustic
attenuation process. Recently it has been known that the least acoustic attenuation
coefficient is that of the vacuum degassed water. According to the authors' research, it
is the most practical design to use vacuum degassed water as the coupling medium;
frequencies of 0.2 - 3.5MHz can be used according to different requirements of the

therapy.

3. Use B-mode ultrasound scanner as the image-displaying apparatus. The
technique of B-mode ultrasound scanner is mature, so its probe can be mounted easily
on the core of the therapeutic head, and the focal region of the therapeutic head can be
easily mounted within the B-ultrasonic sector scanning plane, which are shown by
figure 2. Experiment has showed that by using this mode the location of the focal
region of the therapeutic head on the sector scanning plane can be easily determined,
and the computer can be made to memorize this location, then scanning movement can

be carried out.

4. Use four-coordinate digit-controlled scanning and one-coordinate rotational
apparatus; the reasons for this are: tumor tissue is three-dimensional tissue, in order to
treat it completely with scanning therapy, it is necessary to use at least three-
dimensional coordinate movement. To treat some tissues in the human body such as
liver tissue, only three-dimensional rectangular coordinate scanning is needed; to treat
some other tissues of the body such as the mammary tissue, the best method is using
two-dimensional rectangular coordinate and one-dimensional rotational coordinate to
carry out scanning. Besides, usually the mammary tumor develops on the base of the
mamma, so the best thing to do is to use a manual rotational coordinate to tilt the
combined probe during the treatment, usually the probe is made to incline at an angle

of 0 - 60 degrees to the perpendicular direction.
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)-Z receive the same dosage of ultrasonic irradiation, energy should be supplemented
automatically according to the change in depth. (3) Because the difference between the
grey scale on the ultrasonic screen before and after treatment is great, the grey scale
operations before and after treatment will show the objective therapeutic effects. (4) It

is also important to carry out self-monitoring of the therapy.

6. In order to prevent the interference in the B-ultrasonic image by HIFU,
discontinuous working method is used. Controlled by the computer, the power source,
B-mode ultrasound scanner, and the digit-controlled apparatus all work
discontinuously. After early-stage sampling of the B-ultrasound scanner, the computer
memorizes the image and gives instructions to the digit-controlled apparatus to carry
out movement; when the next location is reached, the computer memorizes the late-
stage sampling image of the B-ultrasonic apparatus and gives instructions to the power
source to turn on the machine, initiating its work; then a cycle is completed. Using the
early-stage sampling image of the second cycle and the late-stage sampling image of
the first cycle, the computer performs grey scale calculation; by doing so the

therapeutic effects can be judged according to the change in grey scale.

The sector scanning plane of the B-mode ultrasound probe is used to search for
the tumor tissue, and the therapeutic range is determined by the medical worker. The
location of the focal region of the therapeutic probe is set in a position within the B-
ultrasonic sector scanning plane through mounting, and the location has been
memorized by the computer. Controlled by the medical workers, the computer gives
instructions to digit-controller, driving the therapeutic head to carry out scanning
movement, at the same time, it gives instructions to the power source to turn on or off
and regulate the degree of power. The distance between the location of the focal region
and the therapeutic head is a fixed focal distance, so the movement of the therapeutic
head will drive the focal region formed by the head to carry out parallel movement;
therefore, the scanning movement of the head outside the body guarantees the scanning

movement of the focal region within the body.
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combined probe comprises a therapeutic head which generates therapeutic ultrasound

and the image - displaying probe of the B-mode ultrasound scanner; it is mounted on a
motional apparatus which comprises a three-dimensional rectangular coordinate and
one- or two-dimensional rotational coordinate, the upper end of the combined probe is
connected to the big central hole of the therapeutic bed through an open water bag; in
the central part of the therapeutic bed (1) there is a big hole for mounting the water bag
(2); the lower end of the water bag (2) is connected to the head of the combined probe
(3); the combined probe (3) is mounted on the motional system (4) which comprises
three-dimensional rectangular coordinate and two-dimensional rotational coordinate;
the combined probe (3) is also connected to the high frequency electric power source
(6); the B-mode ultrasound probe which is connected to the B-mode ultrasound
scanner is mounted on the central axis of the combined probe; the motional system(4)
is connected to the digit-controlled scanning system; the water bag (2) is connected to
the vacuum degassor (5); the computer operation system (9) is connected separately to
the high frequency electric power source (6), B-mode ultrasound scanner (7), digit-

controlled scanning system (8) and the vacuum degassor.

2. A high intensity focused ultrasound system for scanning and treating tumor in
accordance with Claim 1, characterized in that the B-mode ultrasound probe of the
combined probe is mounted on the central part of the therapeutic head, it guarantees
through adjusting that the focal region of space-point produced by the therapeutic head
falls on the image-displaying plane of the B-mode ultrasound probe.

3. A high intensity focused ultrasound system for scanning and treating tumor in
accordance with Claim 1, characterized in that the ultrasonic wave-emitting surface is
located under the parts to be treated and is coupled to the skin through the open water
bag; the medium used for this coupling is the vacuum degassed water whose acoustic

impedance is similar to that of human tissue and whose acoustic attenuation is small.
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motional apparatus is formed by repeat addition and combination of a certain number

of single-dimensional motional apparatuses .

5. A high intensity focused ultrasound system for scanning and treating tumor in
accordance with claim 1, characterized in that the high frequency electric power source
mentioned comprises a signal source, a signal modulator, a magnifier, a matching
apparatus, a three-phase electric supply, a manual controller, an interface of computer,
and a displaying apparatus; the signal modulator is connected separately to the three-
phase electric supply, signal source, the interface of computer and the magnifier; the
signal source is connected separately to the three-phase electric supply, magnifier,
displaying apparatus, and the manual controller; the magnifier is connected separately
to the three-phase electric source and the matching apparatus; the matching apparatus
gives out 0.2 - 3.5MHz high frequency continuous or pulse electric supply; the signal
source gives out low pressure high frequency sine wave signal, which is modulated by
signal modulation electric current into continuous wave or carrier signal of 10 -
1000Hz.

6. A high intensity focused ultrasound system for scanning and treating tumor in
accordance with Claim 1, characterized in that the vacuum degassor is a vacuum
degasification circulating water apparatus; it comprises a vacuum pump, a circulating
water pump, a water box, a regulator of water temperature, a combined detector and
water bag and a controlling electric circuit; the water box is connected separately to the
vacuum pump, regulator of water temperature, circulating water pump, the combined
probe and water bag; the controlling circuit is connected separately to the circulating
water pump, regulator of water temperature, and the vacuum pump; the combined
probe and water bag are connected separately to the circulating water pump, this
apparatus treats water by vacuum degasification, then the water is used as the medium
for ultrasonic coupling.

7. A high intensity focused ultrasound system for scanning and treating tumor in
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diameter: 1.1 - 5Smm, long diameter: 3.5 - 12mm; the highest sound intensity at the

center of the focal region: over 1000W/cm? focusing angle: 30 - 120 degrees.

8. A high intensity focused ultrasound system for scanning and treating tumor in
accordance with Claim 1, characterized in that the regardless of the acoustic
attenuation, Ia = (D/d)’ ID, the ratio between the average acoustic intensity of the focal

region and that of the surface of the probe should be as large as possible.

9. A high intensity focused ultrasound system for scanning and treating tumor in
accordance with Claim 1, characterized in that the four-coordinate digit-controlled
scanning and one-coordinate rotational apparatus are used; controlled by the computer,
the power source, B-mode ultrasound scanner, and the digit-controlled scanning

apparatus all work discontinuously.

10. A high intensity focused ultrasound system for scanning and treating tumor in
accordance with Claim 1, characterized in that the whole combined probe mentioned is
mounted within a shielded shell (13); the water bag base (12) and the water bag(2) are
assembled at the front end of the shielded shell; on the core of the probe (15) there is
an ultrasonic lens (11); within the core of the probe there is a B-mode ultrasound probe
(10); piezoelectric ceramics (14) are assembled at the back end of the therapeutic head;
the electric supply driving the poezoelectric to produce ultrasonic wave is provided by
the cable (16).
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