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PCT/ CN2005001175 Met hod and apparatus for

_high-intensity focused ultrasound therapy FIELD OF
— THE-JNVENTION— 5 This invention relates ta_a net hBel/CN2005001175

and apparatus for high-intensity focused ultrasound
therapy, particularly it relates to a nethod and
appar at us Methosivind hppgrathe ferrhsgi-imtensitytfoeused ultrasound

t herapeutic ultrasound beans,6 according togray-scale
changes of ul trasound i magesthe1@PBACKGROUND OF

| NVENTI ON Medi cal researchers have di scoverediﬂ\iﬁﬁ@\l\m\lﬂ‘m‘nlmln

heat -resi stance of cancer cells is poorer th

STEDY OF THH INVENTE[ONhe tenperature is above 42158159*
degrees centigrade, the cancer cells die within 30

m nut e§hishnVventidre relatesmto aeiethat andnjppaestus! fogHiilghi-intensity
ang?the injury is reversible. 15 According to this .
chiecdsed plirasousd dherapy, cpatticularlyi ghrelatemdiot @ method and

A T T N .
DERRANA 14 A AORHE O PO ALY TRl

intensity level emtting fromthe applicator coupled
by nedi umthrough skin into the tunor tissue 20 within

Bévfek GRAYNBHIE S HEINEENIIOMans within tissue are

) f | i :
E\?Mptj ﬁegdéciigél 6?’§)%t5|° érf %3'8,113?5%&,;]3%% ghatg\%gg agggtl-r%gistance of

ac b Coaliat: ' f i s forned. .
CEBURE SBLEIRIIYe Ve 8 oPUBERACIONE Tl O Plferaure i
( Oablovie0 435 qfe@rélss) cbiigtades NAE Pedicef ddIRY Ay v?ith% 30 minutes
degrees centigrade). By this thermal effect together
25whilehthiet sormaal cells care(injeredt blighilyrendtleaishjuty is reversible.
ul trasound may . produce fog-li ke bubbles in [iquid and

t

CHUCRE 1R i ShaTasdetistie of ssanser ohllss atlighbimeensity focused
c r | ergture_an essure,
ARSI Sy SR T SIS 5 B G Poves
negieagy Codureet hRd . theie phineitaBilign Al th@usth,SSa‘fﬁ Yelivers the
the focal region can be achieved. The cancer cells can
beailtmposad! vBavesy withe af pelativelyglon averagetintdmsityc kvl Rgnitting
waiyfr m point to line, then from L .
rom the applicator coupled by medium through skin into the tumor tissue
within human body. These ultrasound beams within tissue are focused at a
spatial focal spot and a focal region (with a size of ®3 mmX 8mm) with
an average acoustic intensity level of over 1000W/m? is formed. The
temperature at the focal region instantaneously (0.1 to 5 seconds) has a
sharp rise (beyond 70 degrees centigrade). By this thermal effect together
with its cavitation (i.e. the high-intensity ultrasound may produce fog-like
bubbles in liquid and the mechanical forming and disruption of the bubbles
can produce extremely high temperature and pressure, which can destroy
the tissue structure greatly) and mechanical action, the disruption of the

tissue at the focal region can be achieved. The cancer cells can be exposed

by the focal region through the scanning way from point to line, then from
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PCT/ CN200500 1 1 75 line to slice and then fromslice

., tosolid and finally the whole tunor tissue is

peutic purpaoses is realj zZRJ/CN2005001175

Wth the devel opnment of ultrasound therapy, great
in‘F_r ovenents on checking and treating tunors by
ul tinggowhigetandrthen fasmodicat tedsolid and fimgilytheSwhels wasor tissue

such as B-npde ul trasound. have been achj eved. The
B- ot teaiEs %i!nﬁlaerhfé@mgﬂ%amﬁw tradigefln ¢ he

exi st | itH'thé"’l%ag/‘éWprBQ 8Pt RIUhA Q{ﬁ%ty'r, ?gg%ihguligrob\l'sé%jents on

to locate an serve tunor prior -t

t BREcHAVg 2B theRimY tWdrsBy Gkras380HitR : imagi
after trgeaat ment H% he ré?xi};,tiﬁg. equitpﬁg Sa g?gdrt%iﬁﬂ} %magmg

t devivesdasdch hay pewvde utrasgend dmvieeboed Oaclibved.eThat B-mode
the target area after treatnent, if the coagul ative
nilfgsouadoimaging aapparaiyseused cdaudhel, existingy altgasoundnhdherapy

| B0 @RS drnmnifky BsSL F doodse dadkabianue tweads it fo Sltrasound
efﬂ&ﬁ%ﬁu]??gﬁg%f MBRPB? @T%F{Fglging'n@ %)3196 ttf?l?e after treatment, the

t her ape ose Is contro experi ences.

| &xistiagdeqeipitenits detdrintihe i, the heeediedemeedpdutiS d8sage has been
cannot be 15 destroyed effectively and the therapeutic

efthigved airthet tapgetaatviacafier tiehtmpnt, ifidbe eoamdative mecrosis of
needed .dose, the Hor | tissue mag? be destrgyed and
t FEBE! Lssyesisscapsflgand eyaiuale dhe dherapputieredfects afer treatment.

r fitltnis! %ggvaall&ﬁbgod]sgﬁa%Qf es! Q)?%ggageg%{/lge S%é é%ﬁfmti&:effects

during treatnment becones Very ne

TelnddMENEbERvED 0 Hfve Ad $K¢ YReraBBufié UVsE'T8 @htrolled only by
above-nentioned, the apparatus for high-intensity

f experéghcebt lésthendosbersamysufficient, thesdistased/ aidsuoncannot be

c ri ses ul.trasound transducer to emt .
h&%WWe?éF‘WV‘TIM&E@eHJC therapgidisneftfeetstgannos bgetchigwed. If the

te.he ' isition device for 25
ol pPRU RIS, FEHpBIE| B SHAR D B rsyand e
t@ﬁstsﬁﬁgﬁﬁ% Qhfdtheptoblant TRéErRfored t4E! MaldiHe! dvaluation on the
connected to said ultrasound transducer for driving
sthiedapeuticaeffests durmgstieatarert beeaines Wery agoessdryvaves t o

the target area to be treated and nechanical drive

means connected to said ultrasound transducer for

SRR T.0% PERINRERN  sgether so as to scan the

tar get [Rpffer'td ¥tvd iRApfSblems as above-mentioned, the apparatus for
high-intensity focused ultrasound therapy of the present invention
comprises a ultrasound transducer to emit high-intensity focused
ultrasound to the target area to be treated, an image acquisition device for
locating the target area to be treated and acquiring the images of the target
area, a driving unit connected to said ultrasound transducer for driving
said ultrasound transducer to emit ultrasound waves to the target area to be
treated and mechanical drive means connected to said ultrasound
transducer for mechanically driving said ultrasound transducer and image

acquisition device together so as to scan the target area to be treated.
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2 PCT/ CN2005001175 Werein said apparatus for

. high-intensity focused ultrasound therapy further

| P ocessi ng unit connected to il}ﬁ{éﬁN2005001175

acqui sition device for receiving and saving the
original images of the target area acquired by inage
acW(heren grideappasapsi dor thughrietensityt facusefdomltrasound therapy

regeiving 5 and saving the images of the target area .
o TR eECPPTiAEY 8 SERth RIORBHnEaR cennsriad dBrimage acquisition

ti Aur I.ah-in S| sed ul tr.asound FU)
trgg‘t”%gn{&gﬁ%e?\gp g.e%llrg‘l’fu%a"lattviIﬁ%qfl Eeg Bl iplgmgeg gf F'b%tq)grget area
acs@md'ragb?qxﬁig% adqTHSRDOOHetils i) 1rhfReCi o Pleiving
after treatment, and a control unit respectively
coamdsaving theiinrages pfothes tirggt anéd acquired rtgy Wmiage aduisition
10,nechagni cal driving neans., Wen the signal

pr9RUsE IR GaTtaly timpe during: higheintensitya fecnsied ultrasourlld (HIFU)
reguj nts.have been net,. the control it contrals

t h@gé%‘f%i %ﬁdu 1t egﬁﬁ‘aﬁlé’cghéh? cti’ler%ﬁq%ﬁcn§¥%§gﬁ1§°F8r pgpto the
th Ki f t L,aRs e .
TARLOn e 2L I A S Bcomvl un
r epspectivelys donviected! toeaigmalt probessewt 1R, UBiVing unit and
controls the 15 driving unit and nmechani cal driving
nemfshanicakduvingmeans aWhendthetsi gnalchroeessing unitujmdiges that the

wor k. Additionally, the nethod for high-intensit
f JBGtARFUC, FERERentsnBAND, DR (e, Hgs EPRLTphusit icomtrols the

S8 TR S 4L N U workin o

orulgiasaiind TRGSEuE Hid Witer HeOSignal ProdeRsiiG ﬁﬁi@?{?&gﬁzs that the
prior to treatnent; naking a treatnent, i.€. emtTing

hithardpeuticsiequireorant s hawke t natsheendmendttep pbytrobunit dantrols the
th@it.arget . area; eval yati trlﬁ t.he therapeutic effects,
i e,

viggq nit r?é’daﬁﬁe%l}ﬁﬂlﬁ@l ying@faasoto  makes thet ultrasound
arng sidﬂc@rggﬁtgﬁ%ﬂté wsv;kduri ng H FU treatment and

eval uatin erapeutic effects according to the

| magesAdditiditallyar gké ﬁfe@l@o@5f&eftﬂgﬁ-iﬁ%si’t{yt Yocused yltrasound
treatment. When the signal procesSing uni{ judges that

t Kberaplyeof pheitpreserdginveationt whereir dvamprises thé fellowing steps:
treatpent on.the target area is stopped and when the
siagAYITIRG SEgingl images; 1ie. aereivingaand pequiningatheueriginal images

[ g)?éé%etgf%égsqrgg\fg b'%o{regt%%nprrirgrt to %r%gtr}léft?tma r}tngoan trtegtement, ie.
emitting high-intensity focused ultrasound and applying it to the target
area; evaluating the therapeutic effects, i.e. acquiring and saving the
images of the target area in a certain time during HIFU treatment and
evaluating the therapeutic effects according to the images of the target area
before and after treatment. When the signal processing unit judges that the
therapeutic requirements have been met, the treatment on the target area is
stopped and when the signal processing unit judges that the therapeutic
requirements have not been met, the treatment on the target area is

continued.

According to the method and apparatus for high-intensity focused
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, for high-intensity focused 3 PCT/CN2005001175

conti nued. 30 According to the nmethod and apparat us

PCT/CN2005001175

therapeutic effects of the target area can be
eval uated in real-tine during treatment and the
t relitasppndotherapy tof the paesent| ioveationedhe dheoapsutie effects of

o1 AGREY 0% o RSB SHL  BEERL BB and e
- H f A -
ey ARG 5305 20 AR Y iy, Bl dTing

anthepp aval wasties: OAdcoglihgly ke itfetRidm@NdosalpleJear? beScéntrolled
wor ki ng fl ow di agram according to the invention. 10

Fi apcusatedy gnddbie aptimak therdpewtageffectacan deumchieved. t o
treatnment. Fig. 4 is B-node ultrasound i nage of a
tissue after treatnment. Fig. 5 is B-node ultrasound

. . . R 6
%ﬁ%ﬁ?ﬁ?t@a@ﬁ?ﬁ“ ﬁ#&é@%%@%gﬁgt af t elr gt r ealt ?rent .
15 DETAZ. Fls Rfpibtk Ad&Min{ b EBEE?E‘BE@S RGN AR §16Tit?ﬁzention.

structure of the apparatus according to the presen

i nventFign 2 5 a workaighfldwadiagratnrag cordihiggo the Asveatitiom

in Fig_,1l, the apparatus for  high-intensity focused _
ul t r asbith@ tnBrmgdegiltrageupd dmage ofnw sissuopriesiel treatment.

devy cef & 415 BARGAHIB00R4 i et ATREuF Siler Steariibng
7. Besr{es id B-Mode ultAsbBRY ik gt U PHsBOS BFiordb tréfiment.
l?urtﬁl nal

present 1 nvention, It er conprises Si

procesBign® isnBtmédanitragonhd dmapsi 6f HtisYHeafled trédifent.
ultrasound transducer 1 emts high-intensity focused

ultrasound to the target area to be treated and the

OFE AL B SRR OF R R ERRER BM o HnibRars e
tumor pRd sAGEHIfk! (5‘[9thteh§p maﬁsa@éorgg?%g(gg@é;m@%%%gggntion is

the existing 1 nmaging I ces can (
ulexpisinsddacemding toafigl Bt s howh GKaFPEe, i the apparatus for

described in this invention. The signal processing

urii gh-infegsypfiecused uitsasovadi thegepyaofj thes ipréesemt davemtéor® usually

f ocromprises ultrasound transducer 1, image acquisition device 2, driving unit
6 and mechanical drive means 7. Besides, in order to realize the purposes
of the present invention, it further comprises signal processing unit 4 and
control unit 5. Wherein, the ultrasound transducer 1 emits high-intensity
focused ultrasound to the target area to be treated and the image
acquisition device 2 is installed on the ultrasound transducer 1 and is used
to locate the tumor and acquiring the images of the target area and the
existing imaging devices can be used and B-mode ultrasound imaging
apparatus as an example is described in this invention. The signal
processing unit 4 is connected to the image acquisition device 2 for

receiving and saving the images of the target area acquired by image

acquisition device 2. The gray scales of the current images of the target
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recei ving and saving the images of the target area

. acquired by inmage 30 acquisition device 2. The gray
" scales of the current images of the target 4 PCT/CN2005001175

PCT/ CN2005001175 area can be worked out and eval uated

on the basis of the original imge data before

t I excaneart beT\herkhcbphayna dvalwaadent gt basit hef thegoripinal image
8ce33| unit 4 for di S[:l)l aying the images outputted

ata beioZs greatmepnto s displapndtis connepteddio thengjgnal pragessing
o UPGh it bplaidng obt SH3eEe oA ilAd FiSm S SiaRl orpgessing unit
thg Tﬂ@gcﬁ’ivﬂrge@nﬁ% PSnn%d't@@ttSdthH NAf%s GO rtlfélys@ﬁcérhfE drives the

control unit he nechani cal drive nean

Conhmsbaddttﬁaﬂsldﬁcaf tr s emidultfavaddoeavds e eha firgat hvea to be
nmove the ultrasound transducer 1 and the B-npde

ul treassdwnderreomitre) efpihier contsolounit §g dilteemeghaimicat driveaheans 7
of the % trol unit control unjt 5 connected 10

%Hﬂ%.amsoapgcés@sﬁw%.l mechanically ymoye the

re
6 S

MR WAL
t hﬁ)gleﬂ?dia.ﬁldﬁr dditrdlasOtie S6PoIONAIR YL tﬁﬁ: EoRITHE Rt 5 c?nnected
signal processing unit 4 and controls the working o

thﬁ:spcctweig nisignal gpracessinpaniicdl, dhivingngnite@rend’ mechanical
Qrding to the conputing and evaluating 15 results.
&lmmnﬂ Bweemgﬁathﬁowmpataw@aaad Lgvaﬂl@athm@f gray scale

IOT es enig?:g eﬁf/ tﬁ# 6{9%%58 :‘?&J L{h gutgd%%zl}q gélﬁg}/l{tsdp 9™ thg, signal
Shondessingi €nit: 4 L4 %toﬁ&oissl thé ‘gehﬁpgd ?fthgrdn@ﬁg wh96 and

treatnment. In the step rasound

ppachamsaﬁﬂrﬂlragqmeznssﬂ ir&:o@dir@ t@lthé I‘Giﬁl?utfiﬁ g tand evaluatmg
target area to be treated and transfers themto the
sﬂgﬁ’ﬁ‘élts ‘processing unit 4. The signal processing unit

ana-sara YabOBe e Mhiadthiy of iR b aralul iE e igh-intensity
cofgruted | ARraHhnkY Wh@?ésﬁyonof | fhel r}ﬁ'e§5§tp 1‘ﬁgegﬁgﬁ é% explained

control unit 5 contro the dri vi uni t
mesdeanding tolrFig.pg Aeahowh dAdFid. a; tthet h%PUBﬂf &S @uibéred after

transducer 1 to emt the high-intensity focused

ul stping treatipestdm theestepryhtBeamede altrasapod émalgeng apparatus
2 acquires the original images of the target area to be treated and
transfers them to the signal processing unit 4. The signal processing unit
4 works out the primary gray scales of these images and saves these
primary gray scales for later computation and evaluation.

In the step S2, the control unit 5 controls the driving unit 6 and
mechanical driving means 7 and starts the ultrasound transducer 1 to emit
the high-intensity focused ultrasound to scan the target area and expose the
tumor cells in the target area by the focused ultrasound.

In a certain time, for example, after at least one scanning, the step

S3 is entered, B-mode ultrasound imaging apparatus 2 acquires the

images of the target area to be treated again and transfers them to the
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, ultrasound. In a certain time, for exanple, after at

tunor cells in the target area by the focused

/CN2005001175

ul t rasound inaging,apparatus 2 acquires the, 30 i mages
of the target area to be treated again and transfers
t hensigaal méocefosntgmméoﬂdm;maé|1gnabsqongcm|4qquxkstout the

. Kk h
scal Eosopiitis o o tnaess atictoieaeapTaABd en HOFks out the
out %@ns%l@ycl'ﬁag?éﬁg ?P?{Pﬁ&suﬁg E?eﬁ‘f‘er' {TBgfTefl L&!ordmg to the

trea t accor primary gray

5 Thg}{vedtlbﬁmtrypg@ﬁ sealeant er ed. In this step, the
si gnal gprocessn ng unit 4 determnes if the gray scale

changed heng thalstepsHé ds enteredalmehis| stephthe siganl pcmteassmg unit
changes exceed .the specified value, it nmeans that
acou¥ determings 4k {he) geay éﬁakerf‘ehatrwegeqxcsﬁéaa specifiedvalue. If the

i greri: S Spehgkf e OFr P ssBRTELAME it qppans that acousti
the t1=1Qr 'd038 Yon tHe Y{}geg laf¥a ﬁ%@ltﬁeﬁh@&ﬁéddﬁl@% thls time the

exceed t e speci fied neans that acoust

t herapyssdms@fdnghhﬁtéﬁ%efoalsﬁaal thfaso@ndbean be rs@@pﬂi@ﬂ On the

and at this time the emssion of high-intensity

f oc u%fer&rarm, if sho gnay seale ¢1e@ngmndo SMIﬂXCI@Qddbntsmgeﬁk:d value,
mass egﬁ)erl rents. .on ani | es,

.nve\’it‘BFaﬂ% i aEovIe ARFIARY Hﬂ éegwa %éaw&?t ageeﬁzmgegt been
of UldatRSQURS | JRIRTs C{Fm%hghé aé&‘?%m@ﬁ €ar bﬁfé@%ﬁlt@ﬂ%t% focused

after treatnent is related to not only cous

poweu]1te3durd Pfos Utreatnh &, shmtbeabaﬁuhhsdewnaumséi%mﬁanmems
tissue structure, function status of tissue and

t r ec@reimab semp ey thlsfmzynmyon hes gtiagoeeradetheahgegray scale
al es, coa ul ati ve

exceed 5 to ay sc ecrosis

o tHEnRgop! (HuSSaURA- THAESD Qlatlie: A58 Gn aFip FEHOIC and after
t he r I .
e @ERR LRLSRLY 98 G R RSOV i Sypgsure time,
val usutOals8RheexipoSurd Ubbtlb' #§30e ﬁ?@ct‘h?@rﬁﬁﬁmo% §t~h|tﬁs of tissue
white. The calculating nethod for gray scal es and gray
scaland:trgatipent modesi Byts he onbyrphe gray scaleqoharegeshexceed 5 to
irraglesfromthe nltorlnlg devi ce

gray scales, the coagulative necrosis of the tumor tissue in the

target area happens. In the present invention, the gray scale values are
averagely distributed in the range of [0~255]. The value 0 represents
full black, 255 represents full white.

The calculating method for gray scales and gray scale changes is
using the computer to acquire the images from the monitoring device
B-mode scanner in a special time, for example the static images before
and after treatment. The computer system automatically records the
position, energy and equipment parameters when the images are
acquired. By use of computer graphics arithmetic, such as difference
operation and convolution operation, the gray scales changes at the

specified place can be compared. The comparing area may be a dot, line
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25 B-node scanner in a special tinme, for exanple the
static inmages before and after treatnent. The conputer

" svustem autonmaticall y records the position_ ener (\ﬂﬁTmOMOOl”S

equi pnent paraneters when the inmages are acquired. By

use of conputer graphics arithnmetic, such as

di (steright éinepparae,i tratment trackl artd etc. ppdice i(oectamgle, manual
gray scal es changes at _the 30 specified place can be

coffffyiae) andeeiCofbesadinate dhampospdons @ditreatmpnt tgacks on the
PCI/[ CN20 0117 traight i curve, . treatnent . .
U oo o A Befheet, 16 etoY fRale SFfpRTMgje values in
an ; difag Ofht i t t

o 4400 A SON A, RS TR sy vl
grayeragal grayhscalef gragtsicales avaightddivahuec €5uaimatibaa averaging

are calculated, for exanple, total gray scale value, 5
aveRdRiCgr aygrayasealegphyareaacentariagd etc.vaByeuse of difference

[ ' and etc.),, gray scale of area
EZ%%%M ggﬁe‘%{ﬁﬂ@bomra&%éhsﬁgey yssg@r chargptesiric values

C OBURI VA P Byt SRS S eRCl € characteristi c

ues efore an reatment are conpared. In

the st gp tid stdp SENE WeayrayClate CRANFES 0Pthé MRalcBRGTShe target
of the target 10 area exceed a specified value, the

si areal epcexbssispecifidd valsgntlse sigoalmpaocessingtwpitt4 sends a
the control unit 5. Wth the command of stop, the
cotRmaanghpf stop saithe contil wit\3.nY ithhithe sospmangeof stop, the

MeCOARL £ Fhids! g&ﬁgo{snﬁ?@ Sdr}yvrﬁlgn%tn?& ;’Ialdxtéfij egurplgchanical driving

transducer 17t0 em igh

ul fle@f® Nt @fstﬁ) h{!’t}g‘ﬁﬁﬁfhd kra®sdhOerS 0@ LRt hi@ﬁ?ﬂgﬂkitylﬁ)cused

In the step the gray scal e changes o _
I nelgess oahdtane toasapet, i.earteatolp thotreakmentd a specifi ed
val ue, the signal processing unit 4 sends a conmand

of conil the AP P batlfbstenay scade ebanges ofithe imagpg of ithe target

st S2. is returned. | he,step S2, with the.conmman

or 8808 ROF sECIL A Shssifled YLt Ctherend] prot it FBFGY sends
t he cBhin{add o tiohtifudA tfé?ﬁxéﬁ%@ ?371h€ Ronfid1 18 52%h dBA Step S2
7 to nake ultrasound Transducer 1 continue to emt
hiigheeitutreds ilhythef steps$2|, whth' dsogothramd tof Sertinuingetreatment,
to continue the treatnment. Fig. 3 and Fig. 4 are the
B_qhgo@q;rqlrlgy@lﬁnqomtﬁg@egxef @rivingunitn®e and the mechanical driving

means 7 to make ultrasound transducer 1 continue to emit high-intensity
focused ultrasound and to scan, i.e. to continue the treatment.

Fig. 3 and Fig. 4 are the B-mode ultrasound images for the same
liver tissue before and after treatment. Fig. 3 is the image before
treatment and Fig. 4 is the image after high-intensity focused ultrasound
therapy. From the image shown in Fig. 4, we can see the gray scales
changes at the focal point in the target area and we can find this part of
liver tissue has become coagulative necrosis after it is anatomized and
the therapeutic requirements have been met. This proves that this
method used to evaluate the therapeutic effects is effective.

Fig. 5 and Fig. 6 are the B-mode ultrasound images for another

7
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liver tissue before and after treatnent. Fig. 3 is the
i mge before treatment and Fig. 4 is the image after

—high-intensity focused ultrasound 25 therapy Fr QQMOH2005001175

i mge shown in Fig. 4, we can see the gray scal es

changes at the focal point in the target area and we

cadmvén dissuhi befaret apd aftevetreaimente Fegs bHetorthe image before
coagul ative ({1gcro s after it Jis anatom zed ?nd

t.h
t HEFRIFRRt a0 G Eigri ¢ Lhihe ImAgs efisgdH eheintengity %wéslﬁtrasound

t [ e _t her apgut.i .
crtherdiThEFRARE UAEishoRI P e W shHHE PR 5 Fig. 3 and
B-pmyda, Mé:@&h@gme!mqe?gét%. anot her 7

PCT/"CN2005001175 liver tissue before and after

t r eat mAst abbig. s&idi sthrbhegh mrealeubsting ethet peay navule acltanges of
Fig. 6 is the image after high-intensity focused )
ulifragesunll the Hargely aremethecthrapewiie ¢fifiests eambeagealuated in

the sane ag t.hat of Fig. 3 _an Fi,g. 4..Here they.are
ndealSfEe: Buting APamiste 3nflaths nidin ot deBrin'eal niocused
9N Yra368h8 &Bﬁ@%ﬁ'ﬁted'a&@gﬁﬁn ftot{h% é%lggfingrr%gultg.hﬁ can be
therapeutic effectS can be evaPuated In reaP-tine
duvioided r ehaft Nt tamdrt figswlosBapf nbt B ikitiedsttféctively due to
focused ultrasound can be adjusted according to the
eviabutfi¢iegt deselor she imorowal tissueamay deddestenyedhdue torexcessive

ti ssue may not be killed effectively due to 10
[ ficient dose or the normal tissue nmay be

destr . | V. e . Qrese .
vent 158 BiSehE ETERARL fhay 67 femBihiel i Sther gpecific forms
WiwiiRoht depatingNBom’ RENspirst SPEddential cB8R8Mristics. The described
characteristics. The descri bed enbodinents are the
spanbédimentbadé tenspecfic temebadiesants of tive ptésent infrension. These
15 enbodi nents are to be consjdered in all respects .
orfiybediments are 10 Rrecongidereqoin alespeqts \paly gs|illustrative, and

' | . ' t ti f i irit . .
SRR S BRI e i
Widi&d18séd® St‘h@?ﬁ'egént inv@nfbAR B to! BB BMbr&AEd Within the scope of
PCT/ CN2005001175

the present invention.



10

15

20

25

30

, ultrasound therapy of the present invention,

Clains 1. An apparatus for high-intensity focused
PCT/CN2005001175

hi gh-intensity focused ultrasound to the target area
to be treated; an inmage acquisition device for

| ocating the target area to beClaisst ed and acquiring
the i mages of the target area; a driving unit
connected to said ultrasound transducer for driving

sai d uhtngs thnlﬁ%ragﬁasa?%dlg%ﬁ:-intt&s‘?iy f’oad#gE{lm Qﬁﬁﬂggurg?\'tgp:rlaeg of the

to the targe reat ed; cnhani C

MegrRSevtoN ix@edndibnt, O ddmpeikthgl! tar aalwaNbuUndANHANSRIcdrOr to  emit
mechani cal |y driving said ultrasound transducer and

i nbigh-iatensityi facused altrasoundgtet thertasgetarea 6o deameathd; an image
reat ed,, wherein, said apparatus

t L .. L L.
fgfic e'lﬂﬂgﬁe f‘aﬁg? Esr ﬁfef@ég%fhﬂ targeboarsd ke dRated andeacquiring

c ri sing: j pr.o in nj ¢ t to
RIS or P e AP U SRIREES B fgpsouns
Ortrgndifticet FEIO8SYRIg $d18 lFa&in P Erafs dFcHH to&n MultraS88Fd waves
acqui sition device prior to treatnment and for

r eoethei taggetrates avibegtreated; iamdgmschanichke dtisge gatamy eannected to
acquired by inmage acquisition device in a,  certain

t i spad dultwgunrlg%tqnﬁdéﬁ%n thpr  srasheniogllyr ariving (smid-Uyltrasound
treat r(rient 20 .and for eval uati n‘g tr}e t herapeutic h

of FARUCEE BBF dPfES: 3P4 HU oMY RXICE {OBRCT 59, B0 Fan the target
befres €0 BRGrafl & whéedi ment; and a control wunit

respectively connected to signal processing unit,

dri vi ngpidrdppagatds rfoe fd ghdatendityviotaiss@ ailtrasoWied thdiapy further
signal processing wunit judges that the therapeutic

r SPMPRHBEEL s have been net, the control 25 unit

control s.t h? drivin uni.iJ and meahani.cal drivi nﬁ rrevﬁns
to stob SERA RIGCRFHEE JE OPREHIGAGt 1DASE AcGItHEN ferce for

U hecsiviiitlanB" Qfﬁﬁéitﬂg &q.gﬁlaljiﬁg%§ o e tt%i'egett [area acquired by

t herapeuti c requiTenments~have been e

cdniagel acquisitionodéviot pridietditicdtriientBhd fondeo€ivied agdl saving

driving nmeans to make the ultrasound transducer

cdheiimages cofnthek target @rea acquired by image acquisition device in a
certain time during high-intensity focused ultrasound (HIFU) treatment
and for evaluating the therapeutic effects according to the images of the
target area before and after treatment; and

a control unit respectively connected to signal processing unit,

driving unit and mechanical driving means, when the signal processing
unit judges that the therapeutic requirements have been met, the control
unit controls the driving unit and mechanical driving means to stop the
working of ultrasound transducer and when the signal processing unit
judges that the therapeutic requirements have not been met, the control

unit controls the driving unit and mechanical driving means to make the

ultrasound transducer continue to work.
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, focused ultrasound therapy according to claiml

PCT/ CN2005001175 2. The apparatus for high-intensity
"PCT/CN2005001175

tes

respectively the gray scale of the inmage of the target
area before treatnment and the gray scale of the inage
of the2talbet apparated ttor higheimensitpnfoaused Bltrasougdayherapy

SRSl B TS So 8 A S e
o ke EEatSyHEDASS SSHGSGER MREE L0 bl TR e

scah® tiid grgescale dmheqm%doﬁtlfao%%éﬂ &¢a\eftdtaredtinent and then

nmeans that 't herapeutic requirenent has not been net.

10the. gralyescappahanges 6O thésegimagesertsthieytatrgetuared before and after
ul trasound therap according to claim?2, wherein said
spikestment s calcplptedy iy the gray csnplgchangessexcesdga specified

Th t for high-intensity. focused ultrasoynd
e BB ks g nErang G EedefireERT R ps Recs Hafort the eray
Saé&l@%'htagggs doFot" @I&{]e?l 4Q eéﬁfeaf {'Eﬁleafif fleanl%hat therapeutic
ul trasoundotransducer has stanned the {arget area to

berequirmh et lads hewbéerd atetone tinme. 20 5. A nethod for
hi gh-intensity focused ul trasound therapy, wherein
conprising the foll ow ng steps: acquiring original

F e N T R R
t . -. - ’ . ] R .
¢ SRR O A SRR spheed P 8 ey sl changes

t oisthe target area; evaluating the therapeutic
effects, i.e. acquiring and saving the images of the
target area in a certain time during H FU treat nent

and evaluyating the therapeuytic effecfs according t

the | mhgekho ARRaH dor BrePaintgetity clohacdr nErasound therapy
tr . e . i i.re t .
RSB B o CRIAPTSL S, LARHB SRRt fuf e o
anfieVtipe 4ffq tHeenRRRBULE tradfdducer has scanned the target area to be

treated at least for one time.

5. A method for high-intensity focused ultrasound therapy, wherein
comprising the following steps:
acquiring original images, i.e. receiving and acquiring the original
images of the target area to be treated prior to treatment;
making a treatment, i.e. emitting high-intensity focused ultrasound
and applying it to the target area;
evaluating the therapeutic effects, i.e. acquiring and saving the
images of the target area in a certain time during HIFU treatment and
evaluating the therapeutic effects according to the images of the target area
before and after treatment. When the therapeutic requirements have been

met, the treatment on the target area is stopped and when the therapeutic

10



10

15

20

r PCT/ CN2005001175 requi renments have not been net, the

_treatnent on the target area is continued, 6. The

sound-t herI;ﬁIﬁFNZOOSOOl 175

5 according to claim5, wherein said step of

eval uating the therapeutic effects conprising the step

of requatesngnds i have exppebeév anyt,t Hee greatmendl en othet barget area is
i mage. of d;he target area before treatnment and the
gr%l‘g“té‘b‘%ﬂ of the image of the target area after

treatnent and then the gray scal e changes of these

i mges of the target 10 area before and after

treat mgnt Thee MtHod afdd hih-ihRsiy2Yoe a8 GRARGRAd therapy
exceed a specified value, 't neans’that therapeutic

r eapdordmento ¢lamm JHedrerennt . | f the gray scal e changes
do not exceed a specified value, it neans that
t her ap&idi ©tep & Aviakiating thesthesepentineffects ammprisingethe step of

accorriatiog Srarmeels. b e Sla RUE icee Al e toget area
gr aybeyoid ?reﬁﬂﬁ&?lee?nd El% gﬁfg%%gﬁoﬁﬁfl% e°5f281e target area after

hi gh-intensity focuse _ era _ _
accaretitigent andnthefnde gfragl stald bhidges, oIS iifhapRE tof the target
time refers to the tinme after the ultrasound
t r ararda defoneaan s afientreatrhentt aneguatlculateal, tiH thee gray saaledchanges
at | east for oneft&rre 11, . .
exceed a specified value, it means that therapeutic requirement has
been met. If the gray scale changes do not exceed a specified value, it

means that therapeutic requirement has not been met.

7. The method for high-intensity focused ultrasound therapy
according to claim 6, wherein said specified value for gray scale changes

is 5.

8. The method for high-intensity focused ultrasound therapy
according to any one of claim 5 to 7, wherein certain time refers to the
time after the ultrasound transducer has scanned the target area to be

treated at least for one time.
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