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Scannl ng and heating hunors Technical Field This invention relates to an
ultrasonic therapeutic apparatus, particularly a high intensity focused
ultrasound ( HHFU ) scanning and treating systemfor tunor, which is an
apparatus utilizing the sound intensity with high energy in the H FU focal

region to scan and tHigh InbensitydFocused dltrasotind Slysenkgr ound U trasonic
wave is a nmechanic energy with good directivity which can penetr \mw““\
the human body. People gq]'g 3! to. ?’Iﬁ % ut,r oni ve to the tre\m\mmm

di agnosi s of diseases | canningangd, Irea lpge Bhysical therapeyje
appar at uses such as A-ultrasoni c apparatus, B-ultrasonl Cc apparatus, etc.
were nmade. The common feature of these apparatuses is that they mwmmm“‘“‘““\
very | ow Jedshnital Rieknsity in the target tissue; usually the averwu
intensity is below 3WcnR2 In the past 20 years, great achi evenents RQaghdeen
made in the field of ultrasonic diagnosis, and ultrasonic therapies were

devel oped gr Wldvﬁn@diﬂre‘lzﬁ@sntovﬁ{ MltﬂbkbxﬁK khera ﬁﬁtl%bﬁﬁaﬁgepaﬁﬁ@lﬂﬁﬁﬁﬁ hight he
devel opnment of ultrasoni c thernotherap Intensity ultrasonic

t her apy |§1t§}§§u|f@ﬂwssdblﬁ\a$<am§(ﬂmi );%pnm@&e@#tf ing sysiem @r@m«zrewéwmﬁat t he
heat - r esi When

t he tenperagt eatlﬁgsu sy fhe%ggﬁcgl ngngl éees r%)hﬁhhgfrl-gggﬁ@éll r%gé)hg%r cells
die withi acaﬁcandltmattthstumrltmsmdse nor mal cel |s 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 heTe¢ghdital Backgpaundt us was produced. By retrieval, it has been found
that the patent invention CN91105010.8, -- " UItra-hi gh speed extrinsic
ultrasonic high tenperature therapeutic apparatus” -- belongs to the kind

of apparat us wmaédnwwdv@ﬁwmcﬁm st wiei goad RIeBlivigf whithscaR3jeRBirate
|nvent|on is t treatments with sound |nten3|t for a certaln FOInt

e.g. the &8 ?.tt%er pmap hody Pegpledegan » apply gl ERSPTITOEVR, 47 e Gewen épdat edl y;
then the gg ?‘1’1@51@-8?' disesRY 46 bhgd, NRert McOBkrabortid Bhiy416M thera ?élﬁlcdﬂ?%ﬂﬁﬁ’segy the
di f fusi on of heat produced at the point. Howeve the effect t he
appar at us Sgeh @ozbrultrasn@lcmvpar@tus;qg -wirasoniceapperasisn stc. Wera medecTheeomemager

| ; h
cells 20 e lphot AL 10 e ey BRSGHD By bRSOGAR ISR 0Ol
cancer it Sieduk; usuallyrthgdvarage nntshatye;s bélewsHhWan’ofln Hhatpadu 20 yzasn great
difficult éh(?e&%h{soha@%ge% cﬁéelnf (t)ﬁee?lBﬁr aF %‘it?asgg@g %g%o%xst h%p“ﬁﬁ:e grggs' ve

tenperature nmeasuri ng tec Irssues I'n

especi al | yhetdpeaesme deeamm:l gmﬁddaﬂyqaad &tenwery qmcldysﬁ‘\almdhﬂmmegatymethgr adi ent
within th at_diffusion vol IS . a wo dedlfflﬁﬁa .Eéﬁbem . in

or der "t o BENCTIHIST 3o GRS S Uelery Hivh it gt FERY Pt i s
unavoi dabkgecidligtobivas! arge anount of nornmal tissues are injured; 4. B-type
echo detector 1s used within very short intervals between therapeuti C wave
beans to catch echo and to exam ne the A-type echo inage of the degree of

target dappgecatl %sbﬂﬁhérg BV BiBéovefed thhtihe hRHLREIS@NnceS BEEdmbr béIBQSp‘ébf&l ng
circuit and sanpling-conparing circuit are used; because only

successi vian- thphel gormalseniisc ke tgmperafge dg, beﬁ‘t’eqns“%}ﬁfﬁf’rdcﬂﬁtdegtﬁcébser ve
the ther a@&ﬂlgg&ieefﬁee&héerdde'l@%é Withﬂi 50 niifutéd 'w'hllgﬁff@né l%ﬂé‘ra?é red

conpllcated erapeutlc can not al m at t ar get carry out

scanni ng feshslyeand, th%éﬁ]tllh’elslfa\rﬂg%bléf Bym@azmﬁbmdsff@rpmquem cdbsrmddhe be used
to treat c SRS

i rregul ar Eﬂs% apeé(cﬁe;d g@gg?‘%ld%grdl?ﬁmgﬁg%h&?gﬁlta%ﬁygﬁge speci %?eulﬂ H}gfrifg

Anot her paagprodapesl.i cati on, CN93100813.1 shows " A Method and an Appar at us
whi ch ains at the Target of Human Tissues to Carry out Treatnent ". It puts
stress on the description of a nmethod aimng at the target of human

ti ssues; By retrievatettihas been foond thamﬂleamwmﬁm\@ndblsm%éom@sﬁgr-i figltraelsighdi ng

Pt or ence R o uit bR Byl AR AR Rl LI it 07 bl o' ™' ©

r ef er encekpuli off apparatuwsomenticnet) ehove; thy ontstandingfpainteofi thisapaterd ihwentonFsi n t he
di nat t d.th f t di I t
o rmde. SRR Ga e TP F s Rt Bk e B LoE s e o

di stance-nmeasuring record image to coincide and then dlspIaC|ng the
mentioned therapeutic generator until the nentioned first and second

ref erence marks coi ncide, one focus F of the therapeutic wave beam 4nd t he
mentioned target are nmade to



coi nci de. The apparatus can be used to give localized treatnent fczrﬂ SEP 2002
prostate only and its application to other parts of human body shows no
significance. A European patent nunber EP0734742A2 shows the
characteristics of an 3 2 0 SEP 2Q02 ultrasonic therapeutic equi pnment: By

the actio f  f] e r

gener at or g?{glgd P ht{al%é?ag{@?’%gg@%Félésg%l;aﬁ%gxeg‘soc Fﬁ? &E& ﬁ&#hh wa}\?e@?:ﬁlgves t he
t her apeut by thd diffasiond hgarproduced at tllevpzmm Hotvevernthedsffect ogtlmappaﬂatusflst he
first grade base. freguency. Usin e drivin al eco rade
base. {1 eqHENE IS PHEVAE AEHeIFROBE 1t AE Hiiet 5B 4 Brasn APt TAY aon

I lrrftge Wi t fHenmiafpén tufgthe ogﬂ%brrx?ﬁm }[bﬁt &lilﬁlﬂc?éalseft{faémp&\amrefod e {ﬂafgih igr aflfa

ul trasoni c wav oduc y erap ic ultraso ene or.as we as
the rof | el ehalRol. Tiiemss Bhaanget Heelbis e iy %I?eat%é‘?is pfoheat

ul trasoni 81fﬁfs%els dliﬁf‘cult”féeEﬁrﬁfol had th&dss qgﬁl?@l‘t‘mﬁ‘@ ?ﬂf&ltat&eﬁ&ﬁﬁ{vamve

conbi nation of therapeutic ultrasound and ge-displayi ng ultrasound. in
t he docuntemperaturermensuring techhigue dor masu¢Semedqep;p@§s of thenbedyilespeciplintbe d t he

L1 oat nont CipoudhelGF TRRBgRe iRGIReTolF (EnfBARE, silicfh, WBRRIRE JRow oD 110

so cal | eddiffusignt vdumpyis & M@rldmdeadxfﬁmdt pmbienmdS blyl onder o pbethe irtegnkarati vel y
| ow aver age spund inéensygﬁ t(: .us§a{.l ev%a % @tﬁh a(I:rused St de to
conver ge e B&s%tun E° HReRH &%I ?vod Sl 59%53 und

I nt ensi t ynomedl tik6L(9 \dtdVinjured;f 2 rBrege dcho dbtectoeds weediwishiaveansimitintenger at ur e
el evati on >70 .deqgrees cen de urs,  and cavi,tation or rrechanl cal

i byt 1 onbEERT HeEPeRie WETE bertts 10 plchrchd 3 1S BTG Mo it g RSt e

di sease i sf theldegree Of fRdt dadBge wmgrtréat:ﬁeruefoh&ﬁs pimpe@e Bpéckal dmage-storing
characteristics:. 1. because It is tlssuimaeu juvenile cells, it is

nor e senswateartdosqmnlmswmpenmmcwhm ysed BRSAVSS| ortly §\§e. Syccessivg A-pe st s

Wi t hi n t hgjhsme u?l%i% drd stToPécﬁ‘i’t 1s‘Hiﬁ‘§:ult% obSerfé ftﬁé't?n%ﬂ E’ﬂid‘&ffédté@xrectly,
dlstrlbutlon b. in the shapé of big mass, c. in e shape of

tree- br angkedt wil makﬂethmppagaiaﬁegannb@meSOThq ﬂwrapamhqaélqag nghainhat ther gi n of
t he tunor at nent
of tunor (et 18 SREY ol BindiE mdvBmbhts o6 ol b ededBRt ix 1 je\Bp i
reduced abe fused & tpgats ﬁlebdléfus%pombllkqvbmgclmde stripe-stiagefdi, oul ctthe'slrre:gulm;l ng

Focal  rogriney apft Rpcy Ruxdy Brel TR 2Y W20 v 1 ong axis and |

short axis of the focus region nust be snall; 2. the target tissue to be

treated shoul e le.so.th ctlon ape aqf t eturmr can

be det er ni ne(f“lé?’gl%qupﬁ en apqlpag%Wﬁgoé)@ EF}Eﬂ‘E gd@ﬁ}o@ a(?@ta“s‘g

therapy f %whraimg 4t e Ta ro$Hum@L Tibgies teQ 6ub1!reuﬁﬁ¢r@us1t§ﬁmtdagoﬁ or s
it shoul ossible to orm

for medic wor kers to choo :

real -ti neafr?d#?ﬁqrmtwﬁ@f aiethod 3 azm@iasﬁﬁlﬂzwt Pﬁléumﬂ@ Hisspes;in eleéwgeé areglt B node
ul t r asoungmeC adhustic 'cﬁstb&?c@%éd@ﬁnﬁ%: %é&amg Oprobé r@ﬁg antha%é@t'iU Gydvef bemhi on
interfering B-ultrasonic image, s be avoid e nedi um used shoul d
be a specBeneratpyprbe %lﬁeu&?ﬁaﬁadztaeﬂsm aefgrenge émliko’és‘ﬂﬁeé tonfeteEriae Beoul d be
simlar { thebfibalQbedtsdR oht feftiEiee gl ih ho AE9L Bhirhs. By RGHIL AR havkd be

l[ittle so that it not interfere wt ocused sound field. GCeneral
Descri pti 81fusfF tlnethpnm@m@tﬁ system and the reference mark R the predetermined

displacement is made, and by causing the visible reference marks of the acoustic
distance-measuring record image to coincide and then displacing the mentioned
therapeutic generator until the mentioned first and second reference marks coincide,
one focus F of the therapeutic wave beam and the mentioned target are made to
coincide. The apparatus can be used to give localized treatment for prostate only and

its application to other parts of human body shows no significance.

A European patent number EP0734742A2 shows the characteristics of an



According to the technical difficulties found in the treatnent foE[luSvEtPrguz
with H FU, the purpose of developing this invention is to provide a high
intensity focused ultrasonic systemfor scanning and treating tunors. By
nmeans of focusing, the system causes ultrasonic waves to form a space- poi nt

ith high f : er
\iVIOOOW :\/g aﬁ%&?ﬁ% tlt(éer%[%&lr atef‘?‘rgg) I nst apr‘tat gﬁenagf}s o?rfliﬁssggra{dggf;é%%ﬁ- %@S{r}‘ggstﬂg
cent i gr adtherdpesticialirasdund geoemtor hag nhnmmpenusadﬁrdsonmue @scillltdort. Therdriviessue

i thi he .h bod ' hat i
R e RS e L A
realize tprdabaseefrquenss Usinghiie AVingwghal 6fkié gétond g?edieﬂiaed frequéng, the

i nvention: ,the hig tensity focused ultrasonic systemfor scannl .ng and
treating finmrd%irgw Wigasonicclinbe Hoge! HiEAsRRICImagE WA deciody PP ce, a
B-node Ul {HeaR@eRtdd SFARNSH theafifsy Ig&adedamgb%ﬁ@ R)alve dprsaﬁceecw &1{& iRFapemiié onal
apparatus, a vacuum degassor, a therapeutic a conputer operation
system oRltsapeusN, gqmet@ommgda%ﬂ@b@ﬂ@eﬁérway@so%thqn&qcap@m IaSORCaWakMi ch
gener at es L hehaPeutihé e p % of
B- node ul Fr asound yscarlllweérsBﬁ?EmPge vd%i&nﬁlgg‘ﬂgrnﬁgé %tg?o%?pﬁ%iaa?gtaug |tch IS
made up otombinationdiofe therapautic rdasernd| and dwegetilisplagingnalteaseuns. inghe

di mensi on 6] ate. The upper end of the conbined probe is
connect eda‘% %@ 1égﬁ reglgpqﬂﬁ%éedﬁlof the therapeutic bed through an open water
bag; at the mddle of the therapeutic bed there is a big hole for mount i ng

the water ba t he I owe th a IS conne d to the
hoad of t he. SBFEHYFE dbaREs o SYab tegitatR e o b0 P Y JGRRIEIeSh t ho
gotl onal ﬁ'?a&é Mldt Df Wsédicﬁeb(rj@ﬁﬂﬁﬂ l&e&tﬁieﬁﬂajﬁbdaﬂ@ééaﬁﬁuljlﬁgh Clﬁfb'hﬁi't)ﬂii"b@lsadld t wo |
i mensi ona ti i nat e conbi ned probe al so connecte
to the hi glrtrafcr &e‘ﬁ@@krrb PPEaM@@G’%’&t s)ltraﬁwgldarw&a@%mer%re find
probe is GRHREIBEVAY Idwisvefiisohd ﬁffén%ﬂft uﬁdaﬂy%w@mrwmm@%c@eaiopﬁﬁaect ed to
t he B-node ul trasound scanner; ronal “system (4)" is connected to the
digit s toxauvessp onoppoiabaf smﬂcpe@e@@afnﬁalrrgg@pw&hﬁn @Herag@ seundpiatensity i s
connect ed t (9) is
separ at o ' Bl REWYRE W ToEAEH Hhe betlon WMEERIRN BnRERE JGRBIY FR0

B-node ul degrsasucmitigtadanepcqurs,, andi gavitatiomtor aheauiniseb Nitiratiprs pe¢weyns¢ 8he  and

t he vacuum d or. dThe. B-node ul t,rasqun robe is nmounted on the central
part of tﬁ]%su?%@r%g%goﬁﬂrggw&f&%&iﬁa}ggﬂa‘ﬂég}ﬁ(ﬁ%"'g%ﬁt eﬁ is guaranteed that the
space-point (focal region) produced by the therapeut| c probe falls within

t he i mage-di spl a Ian de ul.trasound .scan The ul trasonic
unve- ontt ndt At FRs R istie A B RE B GG e Bk bbssAbRent BASSEFT ©o be
treated amgdde upi el ﬂwemleedsltsp itt isemesrel senbiyivedandtrasonicheavg eimnviceorhad; t he
medi um usgd for | s.gounlin is a kind of .vacyum degass. ter ose
ooust! o Rifpetaa PASE R e BufssbO T 5By Somad aseb PSS ¢

att enuat i @idtribation,ti.!ig. thByhzrmadrSa big e, kald thecdhape of h&e-‘ﬂrﬁﬁﬁbsﬁg Rlthetric

not or of the notiqnal ar at us nti oned above drives tract. base to
move on tﬁ}@fgg]npy FEIEE © %ﬁéumew sc?@angBH‘r%‘P of e Wﬁ%h’tgﬁﬁs thapthat | ed by

t he | ocat {eRofedTIRE tupkrch takes the |l ocation signal to realize the
cl osed-1oop control of the notional system the mufti-dinmensional notional
apparatus is fornmed by the conbination and repeat addition of a certain

nunber of si ngh& He"BRHLORBSS Wik ARGe APPATiAS BREIN] @%fhhaﬁoﬁﬁa%@ﬂ@y power
source mentioned above conprises a signal sourcé, dul ator, a

magni f i er shoaldbg eaduerd aofer anpessible TﬁWanHO‘éms&f? the <b ?tyes in usingAIFU

modul at or P B 6o IPERIBH ey i S ARARIERKLER okl Eeribidy ™
si gnal souwstehe formed faadehe)fatmrbet\wnnhe knng aarsohmlrshortwgm dfithe foqukaegiognal

rmgn 11 e gt Rt S RAL A Hed b BE seafef SpouiTR ViR oo hE hckafhRE,
respect i vehd/shape bh&xetthmeeeamfmiztezhmmdraaml)surﬁ)lnyshanhﬂ Wehpossiblectoi cagrylomx; t he

mat chi ng appar at es_ou enc cant i.nuou

pul se el eﬁ‘f %lg%fé?fﬂ&/y lﬁﬁg“é‘i“gt 3&&%@%%@ ?J?IB & &0 é‘?f ne wave
si gnal of medisalwerkstsrte choase) 4. dushoald be pdssible uoq:eatdnuséaidubeyrﬂoh&oﬁngaml

nodul ation electric circuit into continuous or 10 - 1000H2 carrier wave
signal. The vacuum degassor nentioned above is a vacuum degasification
circul ating water apparatus, which conprises a vacuum punp, a circujating
wat er punp, a water box, a regulator of water tenperature, a water bag of
conbi ned probe, and a controlling electric circuit. The water box is
connected separately to the vacuum punp, regul ator of water tenperature,
circulating 6 2 0 SE P 2002 wat er punp and the wat er bag of the conbl ned

o . o, - o o, Y




When the system nmenti oned-above is used, the tunor tissue is searcaiﬂ
by the sector scanning plane of the B-ultrasonic detector and the giE(H(ZUUZ
be treated is determ ned by the nedical worker. The focal region of the

t herapeutic head is set at a |ocation on the sector scanning plane of the

B-mode ul {f.ame thltﬁcéi?é?:?sr 1} BLAHED RS Hd SEanfddds W& ms);nbhﬁ&@ sﬁ%ﬁged in

conmput er menory e conputer, controlled by the nedica
i nstructi umsqmc réflectiony mtercfermgrlaiuﬂteaf.omcamagm ghczzu}@ benveaiddd,dy. |themetdhm1

t her apeut | t r ot [ e it
gi ves ins ruc |orcllsb%tag§l{eﬁél ;i){g{l/\féir B‘%o%%%g&bgﬁ? #Egg&gt}c %Péﬁﬁéggﬁi “the
strengt h similar $o ﬂmWef huBaic dissies, tand itscacatstienatiehudtion shookl be h’glecso that itn a
fixed rel aty on th apeuti c and its novenent parallels with
that of t&'ll I\N{j fgﬁw@b h[eﬁrgc@(gﬁg Breei‘gverrent of the therapeutic head
out side the body guarantees that the focal region carries out scanning

novenment within the body. In order to nmake certain that the above-said
design can be carried out, the follow ng procedures are adopted; the design

IS furtheGeﬁéggjngagpugyoﬂhgm@ﬁtmn 2 0 SEP 200, 2 Figures and sinple
expl anations The follow ng are the figures for the description of the

invention Figure 1. Figure to illustrate the structure of the invention

Figure 2. Fi %cSrd%ﬁ)g :t;A S felcitiBall (Flﬁi&ﬂﬁéé%ﬂﬁ@ l?fthé B2 anunp ffﬂfﬂnﬂéﬁb@t pf the

i nvention Figure igure to 1lTustrat unctions o he I nvention
Fi gure 4. HEFguthe puepase lofideyelomng Hus inventasroisito pnoyjte Arhigh xmmsltylfecnscd c

supply Fi ur, |IIus at.e the vaguum de OI’-FI a, Figure
b o priteierte Tt K SoRphibe 454 bihe Mg B PR 3Pekg, S fst rent s
The structauses oha}sﬁ:ﬁuwfes wnfémi atgpacd-poigt witholiigh <ns okl réglgﬁ) ghd. In
t he central of t.he t apeu @Wﬁ%%@g ée is a big hole for mpunting
t he wat er e‘EﬁE er‘t'gﬁ%nf Q¥FY 11R¢ %H{t?}e Ingantapsuslydifes o t he
head of t%@@@%&@@'c@ft&bﬁe Besidds e FOCHD rEE6h R AEE &%ntéx&haﬁuﬁéxedssaa the

noti onal system hr ee- di nensi onal rectangul ar coordi nate and
t wo- di men¥itbiath erfbmam e tocHEH R ening, movprgkly igHangBifeingdhat i locus

t her apeut rgiy\ol bR HAthor Rsdula€ tdRp tHaafmiE, 0be (3) is driven by the sine wave
el ectric supply produced by the high frequency electric power source (6);

B- node ul trasound probe is nmounted on the central aX| s of the comnbi ned

probe andr] e KatizR th@hﬁd\étp%godgé’ th8 o1 WG Bed? m %2 Pﬁﬁ 11?0(:&?&% ntfofy) -

the B-ultrasonic inage it veénient to tdefe ion o t
focal r egthdugﬁh@nsﬁy&wmd wlfrasomid syrstzm foy scanmir(gdgndi teeating turnodt exinpisds dr i ven

by the nult] - n nal i ntr a Wi )....The water
bag (2) 1 & PR BoB btk aSil ool SRwar R B aR Detebd et 2 s
simlar tmullthdimmmohaﬂrmdlgnt-wemmﬂed 'Hmlonabuapparhagasaed'aMr degassdre aat er
bag is suppl |e he Jracuum degass (5 | at i ecycl ed
byt he aplBFREGE et g BreaH el SEiont Wit of finfipg e ShlgBthe VaebErus
wor k as \Ammpmstmdmdrs:pwec diead oxliich rpgnérhres ahqrapemccwllm‘amhd: avhveschndes er m ned
by the co SEP, 2002 Th structure of e conbi ned, probe
72 shown BYAEerisiine Brohs ot saods mse Soash oF mitstolord AR IR S g
scanner (aﬁpa}atwwmnfrsadadvmﬁ bﬁ@ii'bé-dﬁlfxeﬂsfwalt fb@faﬁﬁ&l df c6ordfiraek bl BH@bant ee
that the foca), region space- poi nt falls on t B- ul trgsom C scanning

pl ane. BeB¥ %%or@wﬁ@tlpmlem@patpnTbﬁeunpee&p rfefgm?ncem Gd JroBs 18 he
t her apeut ggprfagrd té &lel&%ﬂ{me bothARAaYhAH @%eartm%ugﬁanfog& w@%gi e Of the

tunmor tissue in focal region is very egrees c ntlgrade );

the high Mﬁ}i@pémﬁ@eﬁéa&y bagl @e@éﬁ@rmgm&ﬁ g)ﬁdnmwmsst,h@“@ferﬂm ®)¢bees and
further | e?%ﬁ@%f%h*&ewefl”a {Céchohﬂ&%éiﬂ%ﬁeh@ﬁ@fthég Bfn%ﬁ @:fefk?% thght beam

is produc In the I mage I's wa jcati on of
t he ther apembined peabet (33 4% nmnmdmn drectnotinnpl t systeny (Aécwithré eghmensmnatl he

t her apy C%taﬁﬁul&?ﬁéo@ﬁﬁa@fé aﬁlﬁlt@gt&%@x&s‘forﬁl’r&t&%nﬁh@&ﬂ&m@e e éﬁnﬁﬁﬁécﬁprohe

(3) is also connected to the high frequency electric power source (6); the B-mode

I-'U

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-



Pi ezoel ectric ceramcs (14) is nounted at the back end of the thergseél C
head; the electric supply driving the piezoelectric ceramc to pro 2002
ultrasonic 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

br oo ( 155 M deplite R B0 halt AEE) 3 bEEEq W'l vaollfin SBEEEOLY'

t he probe th®cemputer w@eﬁtlmcwmm (%sxsumpammijn&onﬁéwecb torithe duighp fieiqeency

ment i oned- e ls. a [ art rds s _assenbling
met hod caﬁmgﬁcugéé‘%?rhg&?r%eé mg‘?é B% "B@e? tr?liesdppq,agmngn
because thgsterm(S),an@ﬂreNae@mdégasMer t he body V\/nen the patl ent 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

ul trasound gopge Bhiheddihittabtindlirbbe 14! thotifte€ 3 the cEREHIGRR: ofBihe AKABpUIRNT S ON
animals, it has been proved that this_assenbling nethod is a practical

desi gn. THsad;dhiongh aquuffmeahéttlérg@ar@me@% that hesipaesipeiat deeal region) mreduged

di st ance: [ yr asound
0.2 - 3@%&%%%@?@2‘}?%?%% 1HQI? e§| 3@& & fﬂgﬂ? Bhgoﬂ% %apeﬁinshort

di anet er : sganner. Thgraltgasoniz mvsammmumngm rmtrémneda;rsbe is1lppated unddre

hi ghest squn t e i h..10QQW cn?
5. Trocusi e Bort LY el &l W BT o i By Rl of 9] e, v sk S
treating mdmmaxsed $drothsdcouplihg gsnaduﬁ%d oll‘lvecmmvdegasm& wateglwl&semabundgh
frequency.el ectric suppl ausi n he therapeutic.. em t .high
intensity PBE@Q&%‘S&F’{@%&%%°§ﬁ‘bmg‘b\[’?ﬂeya“'ﬁi“8}?%f= ABUSLIF P@eq;u& ?lsrl%lf’on o)
that the tunmor there is damaged. The mul ti-di nensi onal scannl ng system
drives the, conbi ne to carry oyt scanpi n novenent , sing the focal
region to Ht?ﬁ’&se°gél§nﬁ5ﬁ‘§°rf'%ca‘$%{ %ét"(ch f%rﬁfrtheljﬂf"f‘ Lllt%’éarﬁF‘Ecess of
therapy, thentibfEPiHoes dAnek RO aRe Hake i ¥RovdbPihedaN tiabe THE 28I focatioh BLARPEUL i C
grey scale are al] nonitored by the B-node ultrasound probe of the conbined

det ect or apRYeBISBES euroledhythe Y%ﬁthfhﬁ’f?n%@r"é'@ﬁh takeg the lmﬁl@a signpk togedizgd
scanner. The el ‘foo?r Q&ﬁﬁﬁ of tﬁé~| ‘?n&t{b‘ﬁﬁla@istéxﬁ Ypd %ulh %B@e{l H{c])tlbﬂeﬁ
| OI’ e

conput er program de di cal workers’ and m)n e conputer.
The scanmapgarmeemnnedfbx th@ mﬂmatm andt rwpeasradditionesf aatgain| mmbertcrf change

and the t?ﬁ[g%gﬁﬁ%hﬁo@%tgﬁﬁd@pmj Egﬁg, so the conputer also automatically

controls I'Ng wWa apparatus. The key to realize the above
systemlies in the conbined probe Usi ng this probe the danage within
sed b striki N Qyer t he

ti ssue ca i t poi.nt 5. The pawer.

gener at or I:Thg %@ei%%aﬁﬁg? aP%‘gerpﬁQBVlch%@W?de? D& TPPRTIETS %{%aﬁis8uﬁ9F'g¥s‘5?ae!quency
electric smth lagor, ltahmagmﬁlecl mlmatglﬁng\,{hoxh ai ﬂlred-lptme baledttig wuppl, al mah#idls power
source, the si.gna ur.ce provides | ow pressur requency
si ne wave Cg?t&ﬂ%lr’, Erl'qci S dﬁPiltae‘Ef y&%&lﬁgl T%&lﬁngt{mor&fl Qf Fow

fr equlency cOﬁterctedrsepaﬁrgtew toothe 11&ee-pﬂ1£§écat&t@cf suppiy, gi’gﬂx@hﬁout?elﬁnteifh@ opthel at ed
signal is sent to t megnifier to icate ni fi ent out.
Because t [f8BUteE 3nd)t g? 160y g‘&ts%ﬁaﬁl 158‘9‘2%% cﬁ%"ce\ﬁl@ga ‘Ffé‘tq? &lfn CSf t he

t her apeut iggnéiiashaP Néledth@t supblyl hﬁa@ﬂ‘ﬁ@f afayrrayedeﬂeéi a8l %htranabeﬁlehave

di fferent kinds of inpedance, ?pg@m rcuit is added to the

| ocati on BRASRHISH 1Y WFH%TGPP@I‘WS\IHGO fh?éh{ﬁc s¢ ¢Jeeftia supnle and the lﬂé@hmﬁat chi ng
bet ween t pg® tHeOmatching 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



2 0 sEP 200z The B-node ul trasound scanner provides inmage-displaying and
noni toring functions of the conbined probe. The apparatus used is E&ESEP 2002
ready- made apparatus available in the market; Its main functions are the
sane as those B-node ultrasound scanner used conmonly. Hence, there is no

need for further d Iption. lp.the ti.onal .syste the.bal.l -screw is

dr i ven by "R PR the Bptel Bos ol EmBisd Biche: e copolind e1gelig RIS o e
i's highly cameatedt arav'atety kd tid eironditing, wated pip} eogulitrt oheaterRaBPETatigs)!t

cl osed- 1 oo ontrol is used, sq.the igflu nce of step-failing out produced
by the st B ﬁwgvaé}l@atnum:mmm%aww@? Baler Drgare, FHEA SERAEUEY to
conpri ses g MAQWHNE $REEDR TRIiShpRatus cAnd R4 ddBaBiGERorPorb vafel | tér fhg Wat er
punp, a regul ator of water tenperature, and a controlling part, which are

shown by Waigiisussd agthe medipgphglirasaniceauplingy fi gure 6: The mamin functions
of i mage-processing and digit-controlled systemof the conputer are: 1. The
B- node ul trasound scanner carries out topographic scanning of tissues, then
t hr ee- di mensidmder theecootol pfitiforomation prewessing) systens,athe inaudti simensioml gigit-he

conputer. 2. treat men l.an d paraneter e chosen by the,nedi cal
workers acrd st EEME B o g8ehY sBBpARGPStoS ol uS BERinbed B <
control ljedncaimd te gaugyn baﬁtv&dwrhmlcﬁmemsjii(@m scahnimg ane vhinmeat,t so thﬂﬁtﬁorm][tfhmut ic
mar gi n determ ne the nedic ers. 4. Accordi tq.the di rence
Dot ween 1 HnGHGyaL Sepbing ofeaimeil or SRlec i irrtomned R i ast sk within Bt o
grey scal @o@ﬁbﬁ&idfﬁéhlirégi&ﬁg§ﬂa661-p01mt)ofﬂhe@ombﬁleﬂ!p@d’b%pemiC effects are
judged. 5. The intensity of ultrasonic irradiation is adjusted and energy

i s suppl enented according to the change in therapeutic depth. 2 0 SEP
2002 Industrial Application of the Invention

The following are the advantages of the above therapy: 1. No surgery needed,
little pain suffering; 2. the tumor scanned and ablated by HIFU remains within the
body; medical researches show that when the treated tumor tissue is left in the body it
can strengthen the immunity of the body; and can eventually be absorbed by the body

and fibrosis occurs.

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 follow ng are the therapeutic nodes of H FU system for scanni ng and
treating tunor: 1. Fixed-point damagi ng therapy: it is shown by fZ@LﬁEaD 2002
this node is mainly used to treat tunor tissue less than 1 cnB and diffused
smal | tunor nmasses. The characteristic of this node : the location of the
target tissue is found by the notional apparatus, then the therapy is
carried out wi thout novenent. Wthin a Bultrasonic topographic plane, one
or nore poi ntRgwasnambsimpledxpthnatigar at el y. 2. Conbi ned successive points
damagi ng therapy: this node is mainly used to treat the whole nmass of a
tunmor tissue larger than I cnB. The characteristic of this node: After the

| ocation of tTR foR6WRIg abé e YRutdd foethe dbRepiyn bhdei®eneib@l apparatus, the
therapy is carried out through discontinuous novenent. A danaged nass is
formed by single danmaged points; 1/10 - 1/2 of two danmaged poi nts coinci de
to guarantee ibgt 1t PRubdiRludiafSHE sirtidie®d tiedinfetldoy covered by the therapy;
besi des, there iIs proper overlapping on each tonographi c scanni ng pl ane,
whi ch guarantees the whol e mass of the tunor can be fully damaged. 3.

Gont | nuous daP'fglﬂ’eQQnggge{ @Rustiatd tgg L@LdiAR Jr ARd do ixg{q' prabé &t ﬁ%iif{\f‘éngiﬂﬁ ong time

( e.g. 30s ) 1 sed y once; during the irradi oNn process, e

coordi nate systemcarries out two or three di nensional novenent, causing
the focal regi.on topcarry .qu onti.nuous "ablation" w thin the body. This
nmode is espe%lgﬁlrfé‘ EiRure |1@us§tr§fe@ﬁgux}%ﬁggst9@ﬁfﬁ%)]c8?%r ti ssue which is long
stripe-shaped. The characteristic of this node: after the |ocation of the
target tissue,is detected by the tional, appagatus, the thergpy is carried
out through gpdﬁ‘l“ie o%% ffyate q%%é‘h???%%ﬁ’réﬁﬂ%?%ﬁle?mﬁéuﬁﬂg speed of
novenent are fixed, and different points of the tunmor tissue all receive

t he same anmount of ultrasonic irradiation. 4. A therapy conbining all the
above t hree MBS Scafigyse tosilystratp heveryuspiegpssist hods are used to guarantee
that the above patent design is put into 12 2 U SEP ~A~~ use: 1. Apply
the highest ratio of energy conparision (the ratio between the average
sound i nt ensikigure®as Figutedibal Flowgpropesadingrames ofghe computar opgaating sysiém pr obe)
when possi ble, which is shown by figure 1. The sel ection of frequency
parameter and the techni que of naking the probe are the keys to the

i ncrease dheEmbodanénds bet ween energy changes, regardl ess of the acoustic
attenuation, la = (Dd) Z 1D 2. Wen the ratio between energy changes is
guaranteed, use the |east acoustic attenuation process. Recently it has
been known t liEte sthetireadtHEEDeysténe fort treatingt fuomor do ehdéwnibgnfigure t.Hatthef t he
vacuum degassed wat.es. ,Accor di Q the authors' resear it s t nost
or ot | cal CoRG gatos She bRl PaL b e Be DARRRERS waler hlaiCF;
frequenci e lofvePerd of the SMk2 bag f2)oie comedtedao alicthead dfaheldrhbined probeq8);r enent s

of the t h?ﬁeagglmbined 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).



3. Use B-nopde ultrasound scanner as the inmage-displaying apparat us. ThE
techni que of B-node ul trasound scanner is mature, so its probe canZ BeSEP 2002
nount ed easily on the core of the therapeutic head, and the focal region of
t he therapeutic head can be easily nounted within the B-ultrasonic sector
scanni ng pl ane, which are shown by figure 2. Experinment has showed that by
using this node the location of the focal region of the therapeutic head on
the sector scHrstmgtupd afithecambiiedgashd is stiowa by figade 2aTHe imsgecdisplayiag can be

nmade to mennri this lLocation,, then annin venent, c e carried out.
et OBt siing Beetciies O seagter 20 S Tahie OB N a5 ol (DG ot AR
rot at i onahesp i rgahtagtect fhat FIRASVAP réfon t(higacépBint HUMNs 6 IR B-ukrasonic

t hree-di nensipnal tissue, in order, to treat it conpletely with scanning
t her apy, F‘fanrlglgn@@e%sé?gﬁuff‘oﬁvséow S (1 108 JORR eI PTadu6rd PN o

nmovenent . tfk@adehfi@he PR COMFRME o 1 0000VR/chP '@@né}@,dﬁﬁest&ﬁtgel@ﬁné bf'ﬁ[edﬁlhﬁﬁue’

only three-dinensional rectangul ar coordi nate scanning I

I'S needed; to treat
sone ot hetisgueds thesfoeal regien ixovhry dighH 30 degreerecentigsade )istha dight temporture et hod
IS using = di ' I i nat : - di o)

ot ati onatoids S SRREHANG ahERRARALLP e RLeL B B AR ERERE AR BN BN

t unor dlevdlhpﬂhnwthlbi‘w sbageng)‘échoméghm:sm,i?] pmdtubngl imetsz B-ultragorio inﬂagd.ﬁnt 0 use
a manual r.otatianal coardinate to.tilt the.conbine robe ing the

' oat ment 1 8k AR peRaIpF R of e utfantustc ot AR ba Ao iGN tht Cdeckvgo

degr ees t degrbeopihie fiesdshyCaandie refléctsl dbjertivély by tRe Ohanlge Bf gl93chle. The whol e
process of scanning therapy should be controlled by the conputer
automatically, the reasons for this are: (1) irregular scanning routes nust
be used for tHgzdeledRic detamibe(1143 is mo@fed arthe batk dadlof i thBRpbutRHeaBfhe t he

t herapeutic depth changes; in qQrder to guarantee that all the tunor tissues
at di f fer Eltrigi Synphe ciTiRD the Hiezogleptiice Coraris o pIRduesawiraseRisgwaye is

ul tras Onbﬁrdv‘idea%aﬂa'e%ble%i 6). %eﬁb!%l% dofaBinsd @P&&fﬁ% "t Sihe & oRRRL %Qﬁi'eid%d

according'to the'change in depth. (3) Because the difference between the

grey scal éhadh(18heThe watarbag base €t Deandiwdten bagy(3) argf meunted ehtheehontiend pfeat

t he grey le ST : O\

objective t é‘?eépeutlg’ e g??ie-ocﬂ?)ﬁ@?(tIﬁ%@%ﬂé%ﬁ?ﬁ%ﬁlﬁ%&%é&%&(ﬁ{/ﬁ@ﬁt sel f

moni t or i n¢headentenef thegreleycordis the\Beonetterultrasopnéprobe. t he i nterference in the

B-ul trasonic i mage by H FU, discontinuous working nmethod is used.

Controlled by the conputer, the power source, B-nobde ultrasound scanner,

and the di gi tThewombinddgolapentiained-abdvie ismsdembi ezicfivorh ithe lowet partsdpveards;

earl|ly-stage sanpl.ing of the B-ultrasgund scanner . .the conputer rizes

The. | mage Tin oURIETY Risthads i ediel " PR men GRPc OF 1008 | BOPBThERUS Yo car ry

f)u: ”?VGnmbirat]Miﬂbbcbﬁ@ tﬁ@r&?y ﬁ@@a@iééd)llﬂuti wndeeaRtRdy WHB? the PRté R is iFepRhezes the

atestage sanpli,ng..i e Q e B- rasonj c apparat y nd gives

i nstructi BAYY lb'tte%éé ol riaa of hias O@fsrin hreg bt Wihehe ﬂﬁsw%m@ni ts

wor k;  t hego eheCéflbRinjtryGR6diced Khen tsd Kigh intenstigrilivasdhAd Bodotiiughdhé sEAe of

the second cycle a dééﬁl’ue | at e- st age sanpling |maig<él of the first cycle, the
[

conmput er P GAR ugedy| BY cSxperimgats A apiinaley1h dag beem Provrd, tisk whisc
effects C@&eﬁﬁlihg%%d%ﬁ@fﬂi@ﬂd'(eﬁgﬁ.he change in grey scale. The sector
scanni ng plane of the B-nbde ultraSound probe is used to search for the
tunor tissue, and the therapeutic range is determ ned by the nedi cal

wor ker. The | i i: t herapeutic probe is set in
a position vvi?ﬁﬁﬁd@%gpémhﬂgﬁegﬁégﬁ#%éﬁg%@%ﬁrQéec%%ﬁi ng pl ane through nounti ng,
and the | ocation has been nenorized by the conputer. Controlled by the

medi cal wor ker ] [ yes instructions to digit-controller,
driving the ﬁhgrog%ggstti&ggﬁ‘ie{}a'?gtogl%arry out scanni ng novenent, at the sane
time, it gives instructions to the power source to turn on or off and

regul ate the ree of power. T | stance hetween the.l tion of the
focal region i;n eWéﬁpﬁ%reg%eenﬁyiogﬁ}?ggﬁa?esu%ﬁu?%(sg'én ‘oé:‘gl' 3&&@% nce, so the

novenent of the therapeutic head will drive the focal region forned by the
head to car ut ald el novenent: .therefore, the scanning novenent of
t he head guiﬁ?§Emfﬁgﬁﬁéﬁvﬁaﬁ%?hﬂﬁﬁg@n¥§@pg anni ng noverment of the foca
regi on w t hifortdigmbred\.1 18mm 2 0 SEP 2002 What is clained is 1. A high
intensity focused ultrasound system for scanning and treating tunor,
conprising a conbined probe, a high frequency electric power source, a
B-node ul trasound scanner, a multi-dinmensional digit-controlled notijonal
appar atus, a vacuum degassor, a therapeutic bed, and a conputer operating
system characterized in that the conbi ned probe conprises a therapeutic
head whi ch generates therapeutic ultrasound and the inmage - displaying
probe of the B-node ultrasound scanner; it is nounted on a notional

e s [ R~ e & . . N 1



| ocat ed under the parts to be treated and is coupled to the skin through
the open water bag; the nmediumused for this coupling is the vacuurp ) SEP 2002
degassed wat er whose acoustic inpedance is simlar to that of human tissue
and whose acoustic attenuation is small. 15 2 0 sEP 200z 4. A high
intensity f I o%g system for scanning and treating tunor in
accordance &&I{éﬁcﬁ%%{%%3%5 characterized in that the stepping electric notor
of the notional apparatus drives the tract base through the ball-screwto
nmove on the balltragt: the signal the re osjtion of the notion is
Faken by the bodietigheseiont ity alBesenat e Kealicei of the moti ona
systemis carriger pogow/he nul ti-di mensional notional apparatus is forned
by repeat addition and conbi nation of a certain nunber of

si ngl e-di mensi onal noti onal apparatuses . 5. A high intensity focused

ul trasound sysg H ganpLp reating tunor in accordance with claim
1, char acter?zeﬁﬁ%lngt %t 'tﬂe %(l)géyférsequency el ectric power source nentioned
conprises a signal source, a signal nodulator, a nagnifier, a matching
apparatus, a ‘zﬁg I bR r , an interface
of conputer, gﬁgdﬁgc |S§?£§Fﬁ§&g%%a@g?€%?ﬁgttﬁlg Sl g%ié?&%g‘u%‘{’g? i s connected
separately to the threephase electric supply, signal source, the interface

of conputer the magnifier: the sign source, i s.connected sepapately to
Phe throe. phable aibfief s, Bives' Of, Sl Prodi®ihC Bieedid, SURRL R BEE R, e
manual cortherapdutic hebdieo smitrhifh értensitycfommed tudttlassandand €oiyn achigh éntkisitge- phase
electric urce .and t he t chi ng ,apparatus; t mat chi.ng a at us, gi ves
out 0. - 18SHiEaoR: o, ta v g’ uBRE Y Sitiecst hel BuftiithedBaL s 1 ho

si gnal souystemgirites tieidonhlinedOp1RBE bt Carfy ik fcambbg Rfovemiens camigg tHedfdddl, Whi ch

is nodul ated by signal nodul :iltion ﬁl ectric currg)nt,in 0 conti nuous wave or

carrier si'gHan ¥‘bPr° Heey sreamipg lepus fo damags the dwaps @ ATQEFES ASHEHBY sy st em

for scannithgicstor bRRERPE JTUAD furhdr HACHE ARG ¥ hBrapbdtidThrby ChRIA6tkLAr i zed
in that the vacuum degassor is a vacuum degasification crrcul ati ng water

appar at us;menitogeshiyr thee-mode abitasavpslipiobe af thercombinad detopercandpehsprved byat er
box, are a]"ﬁ% U R YR ﬁ?ofttﬁéf@ﬁﬁhb'ﬁ{ﬁﬁasﬂuﬁcf@dngﬁﬁ TR GRbR! @@gss"‘@ii file_bag
and a controlling electric circult, € Wwat erf box 1's connetted separately

t o t he vadberapyismudertogontiolof thé competer progrren desigred hyi medicalt wodersaandr punp,
t he conbi . [ okl ontrolli cireuit, i onnect ed
Separ at ol v RRALEY AN ROscabiife naehid oE\s Fofbited, defecf IR L o
and t he vawaterntepelntp;chahge emdrtiientherapewtfechendcheedd eoolhmy sarthe competet atko

separately to the.circu in ter pu this apparatus treats water by
vacuum ded&ﬁtomﬁtn&gw %%rokﬂhﬁcﬁﬂﬁgm%ﬁeq%a@gg. as the mediumfor ultrasonic
coupling. 7. A high intensity focused ultrasound system for scanni ng and
treating tu in 16 2 Q SEP 2002 acgcor.dgnce wi.th Cl aim_1, characterized
n that the SHRFEPY Rreriedle Bhovemastemies h oth mbine s, Uting tis hitbsed
probe is 1RO withi® BA¥CENBe Edifed By Skl the A BREEhS plintd, he conbi ned
probe are: focal distance: 40 - 280mm worKking frequency of therapeutic
ultrasound: 0.2 - 3.5 MHz; the shape of focal region: ellipsoid, short

di aneter: 1.I1The POWer |geRetatdr ABEHBN apparatus phodilihg { (AEraBEGNtE Sitrat8Rdnight €nsi ty
at the center of the focal regiaon: over lSOQchQ; focusi ng@gngl e: 30 - 120
degrees. dreaacneygieqtiig swnply, yhe prneiple of| whigh évushevay by digpreot. chisPaveerand
treating iieE, thélsighal BbHIRE pRovides lovpRisEiird 020112 i '

regardl ess_ of the_Sl coust | cﬁat tenuat i or?, I g Jﬁé%z?%%ﬁ@%@c?%ﬁe&%& ween

t he aver agignak odueh is then medulated oty signal modulatardgiodawaieuehey catier signalur f ace
of the pr S : S ' 9. A DI bt I: f ecused
ul t rasoung)l?ggs'r1 g@ﬁ%&%@%ﬁhﬁlﬁsgﬁ%&gﬁgg lﬁ%tgd F%H%Irls ?#{gg%g‘%rrgg%hﬁgrv\tnot Claim
1, char actdeplicatel], nraghifiet ah eerft out. Beoarsditheat & rellativély geent diffdrededbeweenng and

one-coordipnate rotatipnal ,apparatus are,used;. controll ed by the.conputer,
The power Bopeidingt oPUE HRRRRAET Heed asih I S (8 et abter. eshdi PR

S Ic anni ng pghes aavescfliﬂbﬂenmbimﬂg of isxmgaﬂdepmhmtchﬁ@. cirduht iigdiddedté@t}&i lbygtfoﬁc UCI sed
ul t rasoun st em for _.scanni and treating,tunor in.accordance wt aim
1, char acCEMFREN megyile sMahe poPs L BIHERIS PEB CSIEHPE BRAGSR Defbunt ed
within a shielded shell (13); the water bag base (12) and the water bag(2)
are assenbled 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-node ultrasound probe ( 10); piezoelectric ceranmcs ( }4) 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
cable (16).
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circulating water pump, a regulator of water temperature, and a controlling part, which

are shown by figure 5.
The following are shown by figure 6:

The main functions of image-processing and digit-controlled system of the

computer are:

1. The B-mode ultrasound scanner carries out topographic scanning of tissues,

then three-dimensional reconstruction processing is carried out through the computer.

2. The treatment plan and parameters are chosen by the medical workers

according to the shape of the tumor.

3. The scanning system is controlled and scanning therapy carried out according

to the therapeutic margin determined by the medical workers.
4. According to the difference between the grey scale of the target point before
and after the treatment, grey scale operation is carried out, then the therapeutic effects

are judged.

5. The intensity of ultrasonic irradiation is adjusted and energy is supplemented

according to the change in therapeutic depth.
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1. Fixed-point damaging therapy: it is shown by figure 6; this mode is mainly

used to treat tumor tissue less than 1em® and diffused small tumor masses.

The characteristic of this mode : the location of the target tissue is found by the
motional apparatus, then the therapy is carried out without movement. Within a B-

ultrasonic topographic plane, one or more points can be treated separately.

2. Combined successive points damaging therapy: this mode is mainly used to

treat the whole mass of a tumor tissue larger than 1cm®.

The characteristic of this mode:
After the location of the target tissue is detected by the motional apparatus, the therapy
is carried out through discontinuous movement. A damaged mass is formed by single
damaged points; 1/10 - 1/2 of two damaged points coincide to guarantee that the tumor
tissue treated is fully covered by the therapy; besides, there is proper overlapping on
each tomographic scanning plane, which guarantees the whole mass of the tumor can

be fully damaged.

3. Continuous damaging therapy: irradiation lasting for a relatively long time ( e.g.
30s ) is used only once; during the irradiation process, the coordinate system carries
out two or three dimensional movement, causing the focal region to carry out
continuous “ablation” within the body. This mode is especially suitable for the

treatment of tumor tissue which is long stripe-shaped.

The characteristic of this mode: after the location of the target tissue is detected
by the motional apparatus, the therapy is carried out through continuous movement.
The total irradiation time and speed of movement are fixed, and different points of the
tumor tissue all receive the same amount of ultrasonic irradiation.

4. A therapy combining all the above three modes can be used.

The following methods are used to guarantee that the above patent design is put into
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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) *ID.

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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5. The whole process of scanning therapy should be controlled by the computer

automatically, the reasons for this are: (1) irregular scanning routes must be used for
the tumor tissue is irregular; (2) During the treatment, the therapeutic depth changes; in
order to guarantee that all the tumor tissues at different distances from the surface
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
carly-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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"1 10%08 ( pepH ik kk odribihed probe, a high frequency electric power source, a B-mode

ultrasound scanner, a multi-dimensional digit-controlled motional apparatus, a vacuum
degassor, a therapeutic bed, and a computer operating system, characterized in that the
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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accordance with Claim 1, characterized in that the stepping electric motor of the
motional apparatus drives the tract base through the ball-screw to move on the ball-
tract; the signal on the real position of the motion is taken by the position sensor, then
closed-loop control of the motional system is carried out, the multi-dimensional
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 mtens1ty 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).



