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SUMMARY OF THE INVENTION

In order to solve the problems 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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treated and mechani cal drive neans connected to said

ul trasound transducer for mechanically driving said
j guisition d B¢ 1/ER2005001175

~together so as to scan the target area to be treated.
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after treat t, and a control unit respectively
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the driving unit and nmechani cal drivtng nmeans ,

smephamiealdrikingmehns UIMHeasthens ghl ¥Shg Gt JMWRs that the |
t he signal processing unit judges that the

t eraprliid cequigementsehase hbeen moet, bihen cortrol tidt controls the

ntrol unit controls .the 15 driving unit and )
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Pehe sasButicMRide@ie th 8fafe ' SOPRH ﬁﬁﬁi hgbe cgﬂirblf"ﬁflnﬁgc%rhtaols the

steps: acquiring original inmages, recelvin

admving nmit handormgcinadicalmadyéwingo m¥arisheot ai3@t tRé edlttRound
be treated prior to treatnent; naking a treatnent,
i transducsr eontiguefmarkt ensi ty focused ul trasound and
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- eneinin gOriginhEnag@ge . ebcdibigd 8h@acqdirfifl 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 H.IFU 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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25 before and aftér treatment. When the si gnal
processing unit judges that the therapeutic PCT/CN2005001175
target area is stopped and when the si gnal processing
unjt | udges that the therapeutic requirements have
nekiraseundperapy o thepiesantomvensionarthest tharepeutic effects of
contjnued. 30 According to,the nethod gnd appar at us
PO RER arst cahe e yalubif' Fizodsiods Eamént and he
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etheb el aivaluationigaAcbbrEngdly ithe théfatdMNEoddlt LA be controlled
treatment on the target "area is decided to continue or
saaratedy addrithetaptimbhé steerapautiateiffocts cAadsy dilighgdr he
treatment dosage can be controlled 5 accurately and
the optinmal therapeutic effects can be achi eved. BRI EF

| Fi is a block diagram of
Bﬁﬁﬁggmﬁpﬁﬁhﬁﬁmévgu on. Fig. 2 Il?) a
ki [ [ ' Laventi on, .
Fro. 5L iR BB R ARERE Shbrhlecy S BHEREO s Bvemgion.
12 is & ' I : j . _
{1 ot o o e ey Sai g
i mgeFod. Jis Bsmoaepulitasonadtineaienens tisshe Ppridr ioStreatment.

B-node, ul trasound i mage of a tissue after treatnent.
15 DETHE- 1D Bemoderait@sound pRERERFED tEVBORIfMENT S tRiwnt .

structure of ,t he apparat us . accor di fo the, present _

i nvent 1% P%B'@?ﬂaea‘ﬁ OHEgdmﬂgﬁgO{g t}fﬁsa?ﬂrqust%ﬁsaﬁment-

in Fig;ld, . r . hi gh- 4 ity facuse

1 L Bige 108 AR SR cL RN et RURBE R PR

conprises ultrasound transducer 1, inmage acquisition

device 2, driving unit 20 6 and nechani cal drive neans
DETAHSH1IIdIESCRIBIAON OF PRBFERREM: EMBORBAENTSt he

rese invention, it further conprises signal ) o
Sr oce@@Fﬁ&qﬁwe af theapparghuy accanding do thadresent invention is

TIPS e AR S LB SR Y S o

| KigfiSintensity focused ultrasound therapy of the present invention usually

comprises 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
éontrol 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_ﬁltrasound transducer 1 and is used
- to locate the tumor and acquiring the imagés 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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acquisition device 2 is installed on the ultrasound
transducer 1 and is used 25 to |locate the tunor and

acguiring—the imagesof the target area and the PCT/CN2005001175
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exi sting imaging devices can be used and B-node

ul trasound imagi ng apparatus as an exanple is

dersar¢dme te i wotlteids oithardtavabuatét eors itige dasispo D gies oripinal image

unit 4 js connected to the image acquisition device 2 _
ta t?‘?f@éq freameantd Lhe disglahe sneapmectdd toéhe aiggal processing,

VB RSPl e oFE Jrhed: Silituded sfomiy ¥is§§@eﬁi7r32§sséng unit
g . nd eval u
CETERARSHRTE QLSaedR 15 UG PBIELT s e

tukeaisoend -traifseudes 0l &Y emil GLEAVING GAvES 1) e $28M area to be
processing. unit 4 for displaying the inages

oweated tudier rcomttdi eofsthgnedntpoloei 5. ribhe¢/Midchafical eive means 7
driving unit 6 connected to the ultrasound t[ansducer
1cqmmegtad ¢t they) ulteaseund ttranssgerr 11 mechariically move the

RS RRA i egRet a0 b ¥ e %le tr%%@?q&gé{azﬁigggppamws 2
' d rasound, t ransducer
o Corf RN e Ll TR B R Y mnccta

tieSpEetivds 1 B30 UG cbERNE NehitRRABAVHS: Anit 898hd8hechanica
undgr cont?rol og?ﬁt hwg@contr%l unit 5. The cont_rglltl un!% :
sdrivimgeoteads 1D reesivest theetgmpatatignahdpevsiastbAdoliatdy scale
4, drivin nit 6 and mechanical driving nmeans 7 )

r%%%sogﬁgec dmpaeat plorthentaraehiaraai ontptttegr dsomcthe signal

f t.he,i f t t 1 a_outputted .
e e crinct ' 4B SBalalt dReneangnat Bk aEW it 6 and
j f qbs |V ' : nica riving ..
PR e YT R orlingd'R BN iRk i, &V Ahatine
rresults.s. The working flow di agram of the apparatus for

the high-intensity focused ultrasound therapy of the
pr eseﬁgei\ﬁoéﬁngoﬂom disgriei wédheaammrdiusgfdrotife bigh-idensity

SR i GRS el e by byained
?%?gé{l'l{ng ééolfégg qigér ;sz&%é&hgﬂgﬁiig.ifatlhei rsTPe%e%IOfis. terhete'red after
starting treatment. In the step S1, B-mode ultrasound imaging apparatus
2 acquires the original images of the target area to be treéted and
transfers them to the signal brocessing unit 4. The signal processing unit
4 works oﬁt 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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transfers themto the signal processing unit 4. The
S|gnal proceSS|ng unlt 4 morks out the prlnary C

scal es for | at er conput at| on and eval uat| on. In the
step S2, the control unit 5 controls the driving unit
6 aﬁﬂnabﬂ?r%"cﬂﬁmﬂ &t dr Khengignedmrozessingsunit t4 works out the

FockB3a VEiteb EoBIE! tmdet R tra%aﬁg'?éggg' @%S”i%péiégeout the
er%faé’éunde"‘?““} cBort er T akeF s Kehied CREEfipe to the

Iea@dve@npnﬁfaayrgrﬁg schftg step S3 is entered, B-node
ul trasound inmaging apparatus 2 acquires the 30 inages

of thdhear thet stepes4 tio eneerededn ehisagapntiensignadpebesssing unit
themto the 5 PCT/ CN200500 1 1 75 signal processing
uni ¢ determyaesiifihe sprveealsi ehangeasiexsegdrispenifiednealue. If the

oor WS ﬁilantg?ifﬁg'egﬁﬁﬁérﬁ}%tgié % %%”iﬁtmﬁgé%iﬁaet”acousuc

16T PRERAETS) U ) s Hme e

t heeral Gich oﬂ‘f}ﬁgﬁslﬁltékﬁklt»{sn'f&cus”eddﬁft%s@u%‘ﬁscdrf bkrﬁog?@d On the
scal e changes exceed a 'specified val ue.

scat@tcdryngéshe grapdchleechmegs s dedlotaémedltherﬁﬁlwﬁed value,

that acoustjc therapy dose on the target area has

bee‘r‘i méﬁ’éhébataﬁﬂo%ﬁtl‘f Rherapiyrdospeon ¢¢ dargnt area has not been
used ultéasound can

the efﬁ n??‘iy§{ s tHR € ag S@é’f’séo’éhggg]é'sg&’dg'ﬁﬁﬁﬁlty focused
exclﬁ?fjds()gﬁdsﬂﬁcﬂrtg ekl ?’l bd Lo ﬂﬂ%d: Rg hal%% a c’? egiments

her apy dose on e targ ar ea a een

andortarfi fia$ sfalxrl‘ﬁeﬁhﬂl@nirﬁ@h@@r Blas rﬂl@!‘)o'l'éi‘eﬁnﬁiattythe gray scale
focused ultrasound for treatnent shall be conti nued.

W t¢hangss ekpdiiasennd imagesiofaliths alapgets ar¢hitefore and after
i nvent or has dhsc vered that the gray scal e 15 changes

of YFIMLBIATIHEGLS Mt AHY @&rwusal.cemowa and expgsure time,

aE&@?‘ %lﬁéetexpo ursg§? rd%?ﬁ E{ %Cfuﬁlgygwggﬁgyazgﬁﬂg tissue

ti sgitetRbtMeht ifoddsUBait op o%'iyatth'é gthy SkifUEhanges exceed 5 to
10 gray scales, the coagulative necr.osis of the tumor tissue in the
target area happens. In the present invention, the gray scale values afe
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-m'ode 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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and treatnment nodes. But,. if only the gray scale
changes exceed 5 to 10 gray scales, the coagulatlvgeN2005001175
happens. In the present invention, the gray scale

values are averagely distributed in the range of

[ Gtraighy linpheupwe.utreatment éeasht and fetd.), bliaere@abigle, manual
represents full white. The calcul.ati ng nethod for gray
MG A ey Abehinndagle 5esifions iy WhaTReRpeeks on the

t Qi i i f moni toring, device ..25 .
hAER bt ¥ dRGPEcal KL e R SRl dhafa Efienc Values in
shatégainmages MRS Vatcatedf i6F éia‘iﬁ‘%fé?n{otairhgraép%lzﬂeervalue,
system automati cal ly records the position, ®né€rgy and
eguérpgengrayaseates eray veate twei ghtedealee & suahfiiationd. aBraging
use of conputer graphics arithnetic, such as | .

dand egtence guayesariconfaangac opnisruandretopeBat usa, of Wifference

ray scal es, changes. at the 30 specified place can be
COREFATLOn ¢ CORUSBLI T gPEFatioheicLray Seale Charastemstic values
R 5 _ I gh i.ne, ,curve, treatnent '
t%ﬁﬂ%g%g@ %?%;?a@%%éé%r%%%g%?de, manual dr awi ng)

and efg. pn btd f ¢t

I SckLF SRS SO A 41 PORLIUANSE SIS of e are
gamyp sred¢ed chapacifesd stdlaeyahsesighl proeesdiagNuaited sends a

"are cal cul ated, for exanple, total gray scale value, 5

avemampndyphpter 40 dhegeentreb anit feWith eievedmenand of stop, the
i on, _averagjn apd etc.)., gra cale of area . .
((:é‘l?Jﬂntrérgf ;}(’H&lt et \E/(.".‘tr%lﬁ g@% ‘ﬁ'ilv'd’igf P)Biteﬁc@aldgér’é’teicbﬁn% driving

BR300 S Ae 1P Bo LR s

UhRr&oaRdSthd 1d sédif i%.a% si6plthe thBRHOf the images

of the target 10 area exceed a specified value, the

si gnalln phostepsSAgifuthiet grayseruls changosolinte dmaplegitihe target

the control unit 5. Wth the conmmand of stop, the

cser e nghiexcsed snspesiitiedhealyei thengignal tprecasrnghmit 4 sends

nechani cal griving. neans 7 tq stop ultrasou

T SHEINERD of bt BhinERRGHinon dochelparutdiSRaI S and the step 52
Ufst FRRHEH] ANthel tepCED; Witk thé Lot MRnk G bofAhIRY treatment,
the control unit 5 controls the driving unit 6 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
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of continuing treatnment to the control unit 5 and the

.step S2 is returned. In the step S2, with the command

diveorissHai hgfareeandenfter trhatment.r Gig.uidi tis Stheomtages before

the drivin nit 6 and.the chani cal] driving 20 neans

AT Fiecdinihe inAsa s N ehomientiey focesad ultrasound
pahs1.nt [ I sound.and to scan, i.e. -

(RRa PRE b ARUARE RO LASPURE (BESaire 35 M 0f Fig. 3 and
a;i;gl?dﬂ—{@r%rtﬂ%?%@ ﬂd"f%ﬁéatfeﬁr. the same |liver tissue

befo

re and affer treatnent. Fig. 3 is the i mage before
treat ABnabewe. Faid, throaghheaicmtgéngf ey draghsédleepRahges of
focused ultrasound. 25 therapy. Fromthe i mage shown
imnagey. off theetazget orea.tthe therppsutit esffectsacae beatvahmted in
focal. point .in the target area and we can find this .

Frigke’ dp dedbfred

AR fPTBe (A aangedhfrededagRl dhigheiniersibyi focused
Allikobhd ' AnPaLATIAE] LB8raibded IR ADNGHE S resplts. Tt can be

requi renents have’ been e

nBidiaed uard i Qﬂﬂfdfaﬁ%sﬁé‘?mﬁpeﬁepeb% ngllgcil;rggfg&iiv%ly due to

effective. 30 Fig. 5 and Fig.”6 are

uinsu fficient dose@esht arorammtthsne MaPGl @QQ@?&P&%@ %0 etxrc]:essive
ig. 5is the

iqmge before treatnent and Fig. 6 is the inmage after

hi gh- tensit% f.ocused ul trasound therapy. The )
resul t 8¢ N FSFREABREHLM dPaY 1 he «nhedied imzether spegifig forms

i . ; d. .5.As .
S0Ryo B o TP Bl 0P 2 iR scnves
| sRBESnNnts Afe tie 95dcifit @anbd dig diE LERRY %%steﬁg‘;i]xg&étrﬁig%apfhese

be evaluated in real-tine during treat
casodiingrity fare rio eres coysiflerads ird alludes pects widy canilhdtrative, and
?{g usted according to the evaluating results. It can

t esHiciae-t Ak eqwiyalentorhangss uwithayt depatigiffamdthe spirit

SO o 8 e R A e o

the present invention.



The present invention may be enbodied in other LLOYD WISE
specific forms w thout departing fromits spirit or

essential characteristics. The described enbodinents

are the specific enbodiments of the present invention.

Thes ﬁﬁ?OdlﬁEﬂtS are to be considered in al

resngﬁgl as illustrative, and not restrictive.

Al l eqU|vaIent changes wi thout departing fromthe

spirit disclosed by the present invention are to be

Pl _ _
LovD i se COATRRR F5ORIE Inch iy Topar MU teroy

f ocofSthe presens muedhtidigrapyprisingt he present invention,
conprising: a ultrasound transducer to emt
hi gh- i nt etdiragognd usemsducer abmunthit o higle-intemgéty afeeaised

t isition device for
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a signal processing unit connected to image acquisition
device for receiving and saving the original images of the target
area acquired by image acquisition device prior to treatment and
for receiving and saving the images of the target area acquired by
image acquisition device in a certain time during high-intensity
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therapeutic effects according to the images of the target area before
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