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'Scannﬂ!ﬂ""ﬂ[ﬂﬂﬂ@mmg ng Tunors This invention relates to an ultrasonic
t hera tus, particularly a high intensity focused ultrasound (
H FU ) scasmong and treating systemfor tunor, which is an apparatus
utilizing the sound intensity with high energy in the HFU focal region to
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of ago, t lien Scanning anshilrepting dAMONSsr apeuti ¢ appar at uses
such as*GAir'tr asoni ¢ apparatus, B-ultrasonic apparatus, etc. were made. The
common feature of these apparatuses is that they produce very | ow sound
intensity er}hnt.pa {35 get tissue; usually the average intensity is bel ow
3WenR. Int Egset 20 years, great achievenents had been nade in the field
of ultrasonic diagnosis, and ultrasonic therapies were devel oped gradual |y
and then very_quickly; of which the pr.ogress in the devel op t of.
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m nut es WRtdnaarkdheandie fehoicigyshé&. are injured slightly and the injury is
reversible. By utilizing this difference between cells and the thernal

ef fect produced by ultrasonic wave, the ultrasonic thernotherapeutic

appar at usq\éaﬁli@ngbq%qgun@y retrieval, it has been found that the patent

i nventi on CN91105010.8, -- "Utra-high speed extrinsic ultrasonic high
tenperature therapeutic apparatus" -- belongs to the kind of apparatus
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Medical researchers have discovered that the heat-resistance of cancer cells is poorer
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



between 't her apeutic wave beans to catch echo and to exam ne the A-type echo
"image of the degree of target damage during treatnent; for this purpose,
speci al image-storing circuit and sanpling-conparing circuit are used;
because only two successive A-type ultrasonic imges are stored, it is
difficult to observe the therapeutic effects directly; also it wll nake

t he appar earted ewmppdatesiye dhenghe Tells anddissyss of the thegati( hartumer ) aerdamagede
target to, r

| rte; *pf Helghoftlon BERRR SR SRR oy bPR G AR, Of B8 LY
stripe- shpqmedghed‘ollmlhgrare theeepsbas: 1sthepetve eangert ee,llscare diatripates] mannbednat ively
speci al catl ons Aﬂot her pat enhﬂtaﬁfl ication 0813. EFFShOWS "

Met hod an Iﬁaﬁbrbzgrf USAGTT IS5 ¢ éeaﬁearogégmg?ra ity 1% Carry

out Treat falmively lolwt; Ul mhdsesScandert hselftigsigtegpliat G sh):ipea tﬁekﬁupd ofi eang at

the targe uma sues rreth d, areal ti

et hoe o hightian SR manl e chiaeal g Tadte i et ol eradi s, e RBATSIES at or
probe ar etctpefhturdMeasuiigSicohiiqlief@rzees ifftiekp psnyaemetlm@eewemany thdre
theoretical |ocation of one reference point in two by, neans of

the rel at MW ¢ [omperaiue JRAFasst ¥ JENRSTAIM %Xf@enteWéfighéBe mE?k R the
predet er nlh'ﬂ%‘ioﬂ'\ﬁ)ﬂllrﬁ@eiﬁﬁantvoﬂawmdﬁfﬁ@mdpx%leﬁﬁtﬁ'1H%r€1&etoVb§t' ﬁh'eemregﬁlﬁf ence
mar ks of the acoustic distance-neasuring record image to coincidé and then
di spl aci n@ﬁnﬁﬁemﬁﬁﬁnw@ﬁe‘ﬁmpﬂﬁ¢ apediation, gk rerpaveidaple that thee lavgmemenadof i r st
and secon 0 éhsq] wave
beam and ltq%e ng%sﬁ@gﬁxé {‘g?dgg‘ Bn%g%clédjﬁﬁgétglg%ésusg%%ﬂﬁ:ﬂ@e ppg?@? tlf"tg%ﬁcan be
used to gbatweetroﬂnaiapzlﬁct Wa@abamttofcaﬂchpchmmm axainneathd A-fypeagehbiimage on to

ot her partgs, of m shows no.sign apce. A Euro tent nunber
Ep0 7347 22308 Hefee Braner D et P burte ey SRR PR T
equi pnent cirdayt etnklsmq:lmgmombaxﬁng elfrcudtr adelsémsbeciu'se@u@nm sxlda&ssi\heAappeut iCc

uItrasoun ener at or t eson nce osci.l e driver
iri vas MRS Shdes 4R sbR DR AT e P ohieP v Bt Bty hisBiirdiR, 5l oo
of the fijlsd itavitheakeahe appabRuesiiplichked Nl Imahdﬁpwti&gaead gahotodimt ighsecond
grade base frequenc the.driver drives the uI rasoni ¢ rob et

ul t r asoni BEhEREATR %/‘Hlsﬁar%nl%g BoYymeninp e daparerlit FFé‘t’PE‘?tII%@ Pt t he

first gragteusdd frfedti the WiiBsdar pelHCRIEL, Braddhed,! fiApesRapetc oﬂ'oftﬂe’rlﬁﬁ'égﬁiar
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perfect conbination of therapeutic ultrasound and i nage-di spl ayi ng
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tree-pran es . the nalli anc re etm) cells nten'arg|no
et uror BGPHIG RO PR ARe My Bk e Sonady ke cpcideeat mont
of tunor dreSfides IFSof & tHReapeific walk WemOand fife ﬂ@hﬁ&hedt taigdﬂearé headedtdoe
reduced as . far %,g possi ble. The fol |l owi ng Ere the difficulties in using
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focal regisdp F)xcdﬂbﬁttobﬂlefﬁﬁdmmﬂﬂﬂbbh?slﬁ@ﬁd&Q ifiegitet he |1 ong axis and
short axis of the focus region nust be small the target tissue to be
treated shoul d be visible so that the location and shape of the tunor can
be determ ned Easddedtn phtentt mghbet BPOEI4TASAD DEROWSO tigA chiiraBlétisG&s2 BN 40
therapy for irregular tunors, and there should be various scanning forns
for medical workers to choose. 4. it should be possi ble to perform
real -time nonitoring on 4
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t he'therapeutic effects. If B-node ultrasound scanner is used for
“monitoring, strong ultrasonic reflection interfering B-ultrasonic inmage
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, and its acoustic attenuation should be little so that it will not
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to realize the above purpose, the fol|ow ng de5|%n is adopted in the
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appar at us doament ddrmertegatsslatted. a t her apeuti c bed, and a conmputer operation
system of which, the conbined probe conprises a therapeutic head which
generates therapeutic ultrasonic waves and a i nage-di spl ayi ng probe of

B- node ul t r asoumerdnisyeamndn prdet td gvand thet dishdyantagesoifitberadotizgupa meopls haméch i s
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probe is nounted on the central axis of the conbined probe and connected to
t he B- nodBssypt indBofneal resign ey danpagsd gad therhiseassiswcured( 4) is connected to the
digit 5 r, controlled scanning system the water bag (2) is connected to
the vacuum degassor (5); the conputer operation system(9) is separately
connect ed t oA melignaghtuimasdissiecias dhree markedsharsetesistiess &. gegpuseBt ispdiéssue
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acoustic inpedance is simlar to that of human body and whose acoustic
attenuation is little. B ns of. the. bal l.-screw,. the.st epping electric
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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 boyx; the
mat chi ng apparatus gives out 0.2 - 0.3MH2 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

nodul ation electric circuit into continuous or 10 - 1000H2 carrier wave

—— N o S o, o o - I T Y




I ndustrital Application of the Invention The follow ng are the advant ages of
t he 'above therapy: 1. No surgery needed, little pain suffering; 2. the
tumor scanned and abl ated by H FU remains within the body; nedical
researches show that when the treated tunor tissue is left in the body it
can strengthen the imunity of the body; and can eventually be absorbed by
t he body thedthétiabewsisi effastsc df B- mmmttah@umlywemrnemscd)rﬁ@dmabmg,§t1199sd t he
tunor tis Y t. f
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t hrough nountin and the posit’ion PSSt e nenor e
conput er, mld)nmrmielrﬁetb with thedocnsdd saindvimiker, gi ves |nstruct| ons to the

di gi t-control | ed scanni ng system and drives the therapeutic head to carry
out the scanning novenent; at the sane tine 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

t her apeut Gengrabldescyption okthedrMeAlon parallels with that of tocal region, so
t he scanni ng novenent of the therapeutic head outside the body guarantees
that the focal region carries out scanning novenent within the body. In

order to makeicserding i theatechmigalodificultics; lunddn ghe Eeatmant aF tymersowith t he
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figures ures an expl anat1 ons W ng a e the figures
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he conbi SaaThy SRECHHF HaiB'q S B Rane-bONL Sifn gt lBleh B oAl LS

functions emn%g)t b]fathe megiont reachdsiayer H)O@W/Eilzgﬂndethc t;:mpekamrterlaStmtainEualytmms oni c

hi gh freq en lectri p 5 Fi.qure t e the vacuum
Gegnssor T b deates pinfieradRBhdides e Toc steidh s footnih b2 i e
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tunor is hown ) In t he central part of the therapeutic bed

there is lﬁlcﬁvﬁélﬂéﬁwﬁ‘r‘)rﬂﬁ%‘ﬁf fogeat e HPEr bag (2): the |ower end of the
water bag (2) is connect ed to the head of the conbined probe (3); the
conbi ned probhe ( unted on the i gnal, system (

t hr ee- di %rﬂerntare% gatgoaaﬂvarpuapaa dhﬁgibvmj despgn i %ieage#dme i¥ERiMonal
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conbi ned probe (3) is driven by thé sine wave €l ectric Supply produced by

the high #rcembiisdyprebeca high {RRSIty POwEE SOYISY,; 2 B-mode uliresoasd Rannsrodbe i s
mount ed Oﬂlugh&nfe%@foha' cgél't %oﬂiolfeaeﬁ&mhﬁeﬂ)ga% anQabiuin MAE sécﬁ '9' tiated

by the B- trasound” scanner uftrasonic i na
conveni enthel:?oe‘d@t bedyi angd 2 renipytent apsration syistent, oefawhichgitien comheledonrehent of

not i onal ;?r?s’%%ﬂhe& RO He2d l\ﬁgfl‘g%gn%hfeyetﬂelgg L\gllaeul?é%&dw Q’*' (anél

digit- contr scan I'ng system vm th
vacuum detjeagsetisphating pribssy Brarndst ultrasonpé gasnper;i i§ is maunted @ro atmatnorwﬂ human

tissues. c
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mlddle 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-



The structure of the conbined probe is showmn by figure 2. The

" i mage-di spl ayi ng probe of the B-nobde ultrasound scanner (1) is nounted on
theaxis of the therapeutic head to guarantee that the focal region (
space-point ) falls on the B-ultrasonic scanni ng plane. Because the sound
intensity in the focal region produced by the therapeutic head is 100Wcn®
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poi nt canS% il th) vagiym %SPfectl ve degree of the therapy can be

refl ected objectively by the change of grey scale. Piezoelectric ceramcs
(14) is nmounted at the back end of the therapeutic head; the electric
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an ultras t he

B mode i {Pae S, Rt ek SRR shfTiceIhe Cobirk e oLl 10
fromthe thewert tpézuett@atsmwad disis coupled azstche iskini iygmeenstafdhe apen wadtee bag;Hbe
nmovenent 0 e 0 r arried
out under eﬂilg?rgﬁde@ %gfﬁgt ogﬁ‘l lﬁ)%te ge%%‘ |ds§f%£cgb}§n§e%g%?5§ §te1t %0 éca"ﬁtl he skin
of human bogbdance is sindlar écthacaftvacin bedy land MOsbamsstmjatmuauqn mmttﬂdf]e refl ex

i njury produced when the high intensity ultrasound goes through the skin
surface can be reduced. By experinents on animals, it has been proved that
this asseBpIme@snﬁtﬁhedoaulsscaemrtaetstdpgingdasuga mdJtOe of aRd m&ainapapm&her s of

t he conbi ned.detector; . 1. Focal  di stan The
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power sour.ce gl ves out high frequency electric supply, causing the
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scanni ng Hes/kigh dtequengy giomgr sdiuced Bentioned gbeye @anmsaélacsmbmmg signalis to
damage th e f ot ape of
t he tumrﬁoa‘g%ﬁle Qﬁ%{gge oIT3 g@g‘%s )ipc gtpge%q;shésé Regﬁgtrﬁec g‘?‘fﬂ %}%id by the
B- node ul ¢canérotiemdnpntebfaceof tchmputmbamled dmhpﬂaa'cdmcearﬁeohgmlwaddlﬂytomans of

the scree f B- | t rasoun nner. .The ol e s _of. .1 he

t her apy Igorﬁe%é$§$p3rag§ﬁﬁ? gl?e @feet-ﬁgg%gﬁgﬂcesppgl%agx\ﬁ%sa& ﬁﬁ? orfé cal
wor ker s actinpuner] tiod @k tgiikier; chergighelr souTctbensmnmtag smawm‘o e thive-

conbi ned detector, ¢ Ses watler | evel to,.change and the here% f‘ head
needs coof'fifgsions] F%& T€orfPRR &r "RR80E Ayt B VISP OATTD| §oF 1’3 i rléﬁl ating

wat er appaegdifier. is ’c‘bmelc&yl respetpadly @etht iecaphase ciacaicedtipblyend the nbcliggrbi ned

probe. USI o tﬁeb ‘matdh mg 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



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 |ow pressure
0.2 - 3.5MHz high frequency sine wave signal, which is then nodul ated by
si gnal nodudtétpuing didothe Satdr bag v e thecotfbinddgirolsd; giedontolliy eleckAlO Oirizuiofs

conti nuous wave;. t he dul at ed. signal is sent to Ehe ng%nifi er to be
dupl i cat eFOnRASHT Japardteln do b Pirgigiinggialgr UMpy E58313IQr P ater Jemperaiure,

di f f er encenbeheeRBuinunpginES ssta6ined ﬁfd&@ ah8 Va8 Vakiafe boBRcRAGepdratelyolo t he

power source, and, different probes have different kinds of inpedance, so a

mat chi ng dhe eirquiating wateramipy (1ds spRERFsorondetindegastiicatiomemmeics, themihe: he
probe to GUALARLER dshe DEdlmRE Gla8chiOssuMEaR. them to  The B-npde

ul trasound scanner provides 1 nmage-displaying and nonitoring functions of
t he conbi ned probe. The apparatus used is the ready-nade apparat us

available in =l | N i t . . . B nbde
1 tr asound. oo oo R, Kol ot ufRhdtionR6ids iz sPhfin, B8 rAARE AR fiORR Rite
descri pt i @ontrolied: dtenming systerh dsiyet the)stdppmghmbior and putsithe dombaed lpyotiehin

stepping electric notor.to ve on the bhall tract: this de. is highly
accurate \H‘?etf?nl P OH{)f“'éoe?rntgﬁe& cﬁgxgg%?naz RSP SR S| Oo%rethlgﬁeoop
control i slimésstbonasscanhingi trdatmemae defecs isgperfoamked 0@ theltarpéiatksge shithyn thee
stepping electric tor .can be redu eg. The vacuum degassor conprises a
vacuum de}&&éﬁ’ﬁ&le\/ﬁg@ﬁ%%f59909‘:9815’6;10 G’ﬁﬁ,omglrteﬁrpéﬁr?ﬂeati ng water punp, a
regul ator of water tenperature, and a controlling part, which are shown by
figure 5. The follow ng are shown by figure 6: The nmain functions of

i mage- pr odBustTY ARRdcatiogiof v elioted system of 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. Tifefallogargrare the) advaninges ol eY% therapye Ho deh sygemnessdedi cal
wor kers aqg@d ﬁhiﬂgsutfférihé‘,ez.sﬂﬂéﬁﬁnngf sédABed YRR ablated DYV EIIFCPRMANSE WYBIEMe S
controlled and scanning therapy carried out according to the therapeutic
mar gi n detbedysi medicalyeseRwhpegtiovathatiyherethe treated Aumer tissig 18 teft inghabpdyitence
bet ween t : pQl f ha. I t ment ,
ar ey scal aTEERIRGEHE iRinubitf of sty PR bon R RIFRE By ST R S,
judged.  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.



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

" suppl enent ed according to the change in therapeutic depth. tt The
following are the therapeutic nodes of H FU system for scanni ng and
treating tunor: 1. Fixed-point damaging therapy: it is shown by figure 6;
this node is mainly used to treat tunor tissue less than 1 cm and diffused
smal | tunor masses. The characteristic of this node : the l|ocation of the

target tissue.is found by th ti onal apparatus, then the therapy is
carried out 1§W8fj?mﬂﬂ{?8¥?e%ﬁm%?%i n a B ultrasonic topographic plane, one

or nore points can be treated separately. 2. Conbi ned successive points
damagi ng t her . 4this node Js in used..to eat the whole nmass of a
tumor tissue ﬂ%?fﬁg?wlqgfﬁeﬁfrﬁﬁur"’gﬁj@%ﬁgﬁ?@ﬁ)g?ﬁ‘gﬂt’fIB‘fe“flﬂPs node: After the

| ocation of the target tissue is detected by the notional apparatus, the
therapy is carried gut through discontinuqus novepent. A danaged nmass i s
formed by si E‘é‘edaﬁiﬁg‘éﬂtodﬁ}‘sﬂ’@f’,t}‘iﬁwtmef ORVERNdamaged poi nts coi nci de
to guarantee that the tunor tissue treated is fully covered by the therapy;
besi des, there is proper overlapping on each tonographic scanni ng pl ane,

whi ch guar antBEgereZhBigntolod]ngizate bt strvuiutepithe eombined prabe 9f dhanpypadion 3.,

Conti nuous danmagi ng therapy: irradiation lasting for a relatively long tine
( e.g. 30s ) is used only once; during the irradiation process, the

coor di nat e sylSgem3cHiguret iuttrataiibe dunctibneef the myesfional novenent, causing
the focal region to carry out continuous "ablation" within the body. This
node is especially suitable for the treatnent of tunor tissue which is |ong
st ri pe- shapedigiied. cFigue tocillustrate thefultrdsosicrhaghefrequfeney eletteiclsopplyi on of t he
target tissue is detected by the notional apparatus, the therapy is carried
out through continuous novenent. The total irradiation tinme and speed of
movenment are Higwed, &ighreltd illesteast theoiacusn dégdséor t unor tissue all receive
the sane anobunt of ultrasonic irradiation. 4. A therapy conbining all the
above three nodes can be used. The follow ng nethods are used to guarantee

that the abovEg@abeFigthRBbyNFlos-Prdtesk diagrams of the computer operating system
The Embodiments

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 1s 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).



~z.© use: 1. Apply the highest ratio of energy conparision (the ratio

bet ween the average sound intensity in the focal region and that on the
surface of the probe) when possible, which is shown by figure 1. The

sel ection of frequency paraneter and the techni que of making the probe are
the keys to the increase of the ratio between energy changes, regardl ess of
the acoustic attenuation, la = (Dd) 2ID. 2. Wen the ratio between energy

changes i s guarant eed, e the, | east, acoyusti ten i on progcess.. Recently
't has been WNGHUCHER ot B cPERIET LRSS FLOMR BUIET bl BOBFAECHENEVIPE ¢ hat
of the vaptysodegaBsR6deali@soundGeaidt (D) ik ndudedodnt fiRasis Jfahe Bicgdpeutic i S t he

nost practical design to use yacuum degassed water _as the caqupling . .medi um
frequenci B&dofo guarantes thyjghe asak segine %&%pamhé fadls o e iﬁﬂl{trfaéefmrenents

of the theddRing Pand/SBedBndPHR SHvntamfmsithy S&AROFbcASTehidd proadeeddbgrhayi ng
apparatus. The techni que of B.nmode ultrasound scanner is mature,"so its

probe canthseapsetimhesd is A90W/cahta HOGOSY/embpr mpse.t the terprareture A, Umed t he

focal regy : ' d i kiRl e

5t r aconrge B e Tbd PGP Verf BARC, FPlog s RAUITR () AR | e
has showettadhie deggnerstioryandnecresptiel thiadiskuss and drther inereages dhg highgiovnd of t he
t her apeut | t LG - o As : rned, and
the. compulp ot @bk 154t ElhoIGRE B4R £ biRAR. TR E pEARaichiC ShBETIATC, ot
can be cathi§ way thetspecdal losation ofithedberapkiutiatpeirdican be nwnitoxsilaed tlexeffactivg and

ot br oe- MR b e $93an BRI T iec el BRIEL b BE b BeD P, (b "Scanni ng

therapy, it is necessary to use at |east threedi nensional coordinate

novenent. To treat some ti.ss . in the h n bod ch, as liver tissue,
onl'y Ehr ee- dPIERE R Forn Gl BT ol A heR B0l o HRdn fEp ke Hent B8 T oo
some ot heéle&ti‘ig _su@plpfdritvlhg lﬁ&d)pié:‘zuléilbctﬁs édigpfmmrwc(ljﬁdes augsoﬁibewbees Itis met hod
is using two-dinensio rectang r coordjnate and one-djpnensiq

" ot at | onaProgisist dria atle (L &36 aﬁp?%eoaﬁmp?épr%ééf H@él,nteé_s%ﬂﬁya fméﬁﬁ%mmr y
tunmor devglean$3RTheReattiang take 1125 aRBWHer b3 (2 SredRSintédahe iRl @nd $FL O use
a manual rotational coordinate to tilt the conbi ned probe during the

t r eat ment thegBiglded ghellionghoprreiof prabad1 Ddherads ameltrasonie watg leas 611)gnd g0
degrees t Qletcgﬁep@FtHQnygg Wb is e m dd@'ﬁitrajsgﬁnd prabe. TN€ whol e process of
scanni ng therapy should be controlled by the conputer automatically, the
reasons for this are: ( 1) irregular scanning routes nust be used for the
tunor tissueqis . . . ] : t i depth
changes: i aracenpRelbAlbx liof LpRE ek BRI TR, ine 35! OFIBRMIIS |

di st ancesthiy @ssembéing umethod ¢anmc edduce tthe mavemendsefybody ndsitions caised by

irradiati : I I i i o the
change i riepaE i SERr R AR, GTERLEENbRY R e allsE BT | (2
ul t r asoni positome besidesf teeskanof aimar bdadyds imdinéct icentgetewith thendeggssed veater e

oper ati ong fore .an fter _treat t wll show the objectiv her apeuti c
oFrects. e ek Rl Bradied Ve (e Biartimensif ltapind s Byl ST

t her apy. $urfabel can der rddacqd Bierkpdriigentnioar frinelC et has béeh praviet rthstotiic | mage
by HI FU, discqmtinugﬁa.morkiqg gethod is used. Controlled by the conputer,
the power3§FHpEE MEhpd s RrRcYSeL 83881 scanner, and the digit-control | ed
apparatus all work discontinuously. After early-stage sanpling of the

B- ul trasound_scanper, the conputer norjizes the inmage and gi ves

i nstructions 6“FH@C@H§T¥U€GEP?QWF@gE§EH ¥ to carry out novenent; when
the next location is reached, the conputer nenorizes the | atestage sanpling
i mge of the B-ultrasonic apparatus and gives instructions to the power
source to tuﬂnf%ﬁl@%@nﬁﬁéﬁrﬁggnphitiating its work; then a cycle is

conpl eted. Using the early-stage sanpling i mage of the second cycle and the
| at e- st age saqFIing image of the first cycle, the conputer perforns grey
scal e cal cul 8t Temworkynggiseqvgnesooti the therapenieultiagouaslt: et <3.6MHH%be j udged
according to the change in grey scale. The sector scanning plane of the

B- node ultrasound probe is used to search for the tunor tissue, and the

t her apeut§-d heghepe qfdheiocalggina d chipseidshapadi cal worker. The location of the
focal regi QRoRHidhigert NEr.3R{LI C probe is set in a position within the B

ul trasoni c sector scanning plane through nmounting, and the |ocation has
been nenorized by the conmputer. Controlled by the nmedical workers, the
conputer gives instructions to digit-controller, driving the therapgutic
head to carry out scanning novenent, at the sanme tine, it gives
instructions to the power source to turn on or off and regul ate the degree
of power. The di stance between the | ocation of the focal region and the
therapeutic head is a fixed focal distance, so the novenent of the

Y o
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14, What is claimed is 1. A high intensity focused ultrasound system for

" scanning and treating tunor, conprising a conbined probe, a high frequency
el ectric power source, a B-node ultrasound scanner, a nulti-dinmensional
digit-controll ed notional apparatus, a ultrasound generator, a vacuum
degassor, a therapeutic bed, and a conputer operating system characterized
in that thdoepdibmeted 5 ob2moonpri ses a therapeuti c head which generates

t herapeutic ultrasound and the inage - displaying probe of the B-nbde

ul trasound scanner; it is nounted on a notional apparatus which conprises a
t hreedi mensi anahe lighést balindantesityr 4 ittvadeater bdthefecal @¢giémo- di mensi onal
rotational coordin @%8 t he upper end of the conbined probe is connected to
the big centrdﬂwﬁés #“!he therapeutic bed through an open water bag; in
the central part of the therapeutic bed (1) there is a big hole for
nounting the water bag (ﬁ) the |l ower end of the water bag (2) is connected
to the head Jofo¢usBEABEls: @dlﬁpﬁﬁ@f€8) t he conbi ned probe (3) is nounted on
the notional system (4) which conprises three-dinensional rectangul ar

coordi nate and two-di nensional rotational coordinate; the conbi ned probe
(3) is also dbafimstions QfdﬂtFMasweghforrﬁ@a%@w%@@thWde@ﬁewes%ur ce (6); the
B- node ul trasound probe which is connected to the f3-node ultrasound
scanner is nmounted on the central axis of the conbined probe; the notional
systen(4) i sTbonpeetredodroe t giwedioyk t highnfrequeneyl electrini suppdyscamsing ke wat er
bag (2) i t ion
syat em ( SefBUREChEE, b3l Bk FHI, BB oaand 408 SEUPLRER, BRGNS O

sour ce ( 6fpcalBreginde sulthataﬁreMosaheraes c(ai)agedii Thet nudmdnmbﬂxm%csamiimg; system

(8) and the vacuum h tensity focused ultr system
for scan Rt veE BEBRRRRE pfibelta Yl o AR N R R et B AT KL, S o
in that tiegioB-topesiuat scanaimgrideysrolianage thectuanntbmaty theqivecdss ofrtherdpyd on t he
central of. the,thera i.c _head uar apt,ees through adj usti g t hat
Chaf o dorblinh ard ehsecBE el B e cBhet AR VR ShBE M s Ak Al oo

t he i magemehis@btaly fige Blraddk Wiradodad Brabeds thé témbiasd deﬂaét@band absefvéa Bh
intensity focused ul trasound sy stenlfor scannln and treating tu

accor dandBeanst ¢ e Scrsen, ofc?bar%ﬂf&e.%asqm t§GaRnef; h@h«aw @mcesmggh%m tting
surface 'tﬁeﬂaﬁ?%@rﬂiek’ﬂﬂ&fntﬂo'ﬂ@f Fh%réoﬁm fér%?oéﬁrﬁ%fe@i%n@&gy h?edfd&!’f&)oﬂg:ré gnd he skin
t hrough the open water bag; the nediumused for this cowg is the vacuum
degassed Warigredhydlee eprepern dhe ﬁw@amcréomneﬁ @f thercampip flete¢t°h94ﬁ§ﬁs tissue
and whose, acOUSH & éﬁatngg'léﬂ&'tﬂ@tﬁéa&ﬁm head feeds toofin %'%hth'e'%) érya1§d>cused
ul trasound system for Scanning and treating tunor accor wth Caim
1, char acauematicglly gontrals theteercelabpgwatgr apregatus.c not or of the rmt i onal
apparatus drives the tract base through the ball-screw to nove on the

bal l'tract; the signal on the real position of the notion is taken by the
posi ti on sen3be key trerealiteohe dbdaogysteontiesoh thé combined prahealUsgshismrole carri ed
out, the [ I [ repeat addition
and conbltﬁyé Lllmrl\gé ‘Pﬁlgﬁélgr aciaﬁ%%lfn%%b bgggg{l%{ﬁ s@ﬁ%ﬁgﬁ%ﬂ] F{%TTD'[I onal
apparatuses . 5. A high intensity focused ultrasound system for scanning

and treatingfunmor in accordance with ¢ ar act din that the

i gh {1 equentht diuist reReRliiR” B8, it rBilipeC BRERRLEE GBSeobit B i e, o
Si gnial Moftieguah oy eleanmgilspljuthe ,pridcipbd ci?wngha]?phds\am by, figuré Br ﬁﬁfl’gh@ﬁ?elﬂ ectric
supply, a manu; contro n.interfac ut er, i spl ayi ng
ppar xt udourRe e s{EAal oftssarayiah b e 2o SRt hEbigr e Sidne Rl phase
el ect ][l C §gﬂaﬁ|vyhlcl$ isOothah niodulaged byt ﬁgnamﬁaruﬂa@lemcﬁ ld?.\ii)[’fﬁqlli@b aadier bfgnalh

magni fier;_ the n source i s connec tely to t ase

el ectric Hdfp ! Oﬁagﬁﬁwtgwouwgm é@%ﬁgﬁﬁbﬁaﬁﬁwﬂs s °tt%nﬁﬁﬂgﬁ

clont rol | equplitdied, m&%ﬂltfhdd@hdlss?ltmﬂ Bechad tﬁ&?@d@}]ﬁlvylytgiﬁdthﬁfférhﬁ@%d@\hé&ﬁ

el ectric source and the matching ap e matchi ng ap ives
out 0.2 -the impedangs Gh the Sremrarel d st @ gdﬁ%‘ ‘b‘l thﬁm%‘éereﬂ%‘g‘ier %%ﬁ&ﬁw t he

Si gnald lsqiwlg@ btﬁ*xél@ﬁ“fe%ﬂtl klrrgwlop{rﬂlsﬁuml@ Et:lhlaftd}@ﬁgulﬁft?ﬂt i Iad'@d\/\@;tﬁe Rcgid , Whi ch
i s nodu ed by, signal. nodul ation electric rren conti puous wave or
carrier g€ Gean the mpgnifieppyd the ero%ﬁt%swwﬁ? Qwiﬁefvn?tsfalagga cprhieBund system
for scannlng and treating tunor in accordance with Claim1l, characterized
in that the vacuum degassor is a vacuum degasification circul ating water
apparatus; it conprises a vacuum punp, a circulating water punp, a water
box, a regulator of water tenperature, a combined detector and watey bag
and a controlling electric circuit; the water box is connected separately
to the vacuum punp, regul ator of water tenperature, circulating water punp,

t he conbi ned probe and water bag; the controlling circuit is connected
~separately to the circulating water punp, regulator of mater tenperature

. T 1



accordance with Claiml, characterized in that the four-coordinate
digit-controll ed scanni ng and one-coordi nate rotational apparatus are used;
controlled by the conmputer, the power source, B-node ultrasound scanner,
and the digit-controlled scanning apparatus all work discontinuously. 10. A
high intensity focused ultrasound system for scanning and treating tunor in
accordance WTHe @-giode lultradtandcicanhere grovides hithadehdisplayihg amirimaeritbringobe
menti oned i s nounted mﬁtgin a shi el ded shell %é3é; t he xater bag base (12)
and the mé»er&tw%@?é‘)w sPmbied g ol her arnaEates Yead IsntreradyimadnapPadlSs hel | ;
on the con@aifbld MEthBmRARetf 18)mdiR Fukctiofis are thklsh@SithodeePBSmddelditthsouddt hi n
the core of the probe there is a B-pode ul trasound, probe (10);

pi ezoel ectpanBeicksed spagoniya Hepgss theze ismgi negd A1 fupherdesenintion: of ¢ he

t herapeutic head; the electric supply driving the poezoelectric to produce
ul trasonic wave is provided by the cable éé;?. . ANY2. Aul . Aul . A" u. Aa. A

. Aa. A9a. A92. Aa tho megrnasygep thepbalssgrewjs n by the stepping electric motor to

12T xssid gl oal sal sakeabselcal salmpligelepkalaal salenbiel sel sakaal cal ca

]calca] ca ajcalc ajcTa puv .
| 1yl #)) . disapce-mezgurgmsaty@ewddadpcpentrol is used, so the influence of step-failing out

T ca] oa] ca P B B A R B TPy | w 2.) KGKKKKRKKMLY LLuP

PQTTTT} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca

] ca] ca] calca] ca]l cal cal ca car%ca cal.ca] ca! TTFUCV{ V
W W WP S E4SFON, GQRRTASRR & KRCUUM degpsyng) VAT ROTc3 | RUIEAPEEP 4] ca] ca]
ca] ca] ca] eatwadmalarRt pahpad rRghlnk il asd cahpahnsd, aad azbandlling pattcahica] ca! aal
b6b7b<bcpef f gg>k (I;:tkkrrv gr t uuuuuvv| ou{ vgl gb] X] ca] ca] ca] ca] ca] ca] ca] c™a] ca]c
a] ca] cal| é’éﬂsg’g &Y%} ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! M$
v7ngrt uuuuuvyv| ou{vgl gb] X] ca] ca] ca] ca] ca] ca] ca] c*a] ca] ca] ca] caU] ca] ca] ca] ca]
ca] ca] ca] ca] ca] cal.ca] ca] ca] ca]calcal] ca] ca] cha] ca] ca+, <] fHglOo%& () -
G008 () - 1008 ) OSBRI SAGIERE () G100 ()~ M A) A2 ! 10508 ()- 1
F10%& ()-f! @ 10%b& ()- ,yl0%& ()-310%& ()-!3!10%b& ()-ACP
xnbd 10%& ()- . | . .

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 1cm? 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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10% & () - duitOaiically; thEAkakdns ZofdXiNGre: (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
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 1s 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. A high intensity focused ultrasound system for scanning and treating tumor,

comprising a combined probe, a high frequency electric power source, a B-mode
ultrasound scanner, a multi-dimensional digit-controlled motional apparatus, a

ultrasound generator, 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
connecled 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 connecled 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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4. A high intensity focused ultrasound system for scanning and treating tumor in
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.
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of the combined probe are: focal distance: 40 - 280mm; working frequency of
therapeutic ultrasound: 0.2 - 3.5 MHz; the shape of focal region: ellipsoid, short
diameter: 1.1 - 5mm, long diameter: 3.5 - 12mm; the highest sound intensity at the

center of the focal region: over 1000W/cm?; the instantaneous temperature: >70

degrees centigrade; 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, la = (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).



