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PCT/ CN2005/ 001328 A focused ul trasound therapy system
FI ELD OF THE | NVENTI ON  The present invention

pertains to an ultrasound therapy system and 5 n®FTéCN2005/001328
specifically, to a high-intensity focused ultrasound

(HFU) therapy apparatus guided by using image
| UENT G n Rocentyaar o e s e SRS O

ul trasound therapy has becone 10 wi der increasingly! “”M’”"

LI

A

Hi gh-i ' 3 spu E Lies

Can kB, SRR, pUAbOSLal (G HABHAGH Bem and
difi8as 8pecibgally,Ctd ar high-liReAdifP FocdsRUPaRtA38u~Q (HIFU) therapy
conventional surgery and chenotherapy, H FU therapy

brappgsattuh gupked lgntsing imaige aegtration aad fliSionemkiboel. a
non-invasive treatnent. Therefore its clinical
appl i cations have been developed rapidly. Its

BACKERUIND QK PHESNVENTTON ey cancer . sof
Ui SSugy LrUEDy eg‘?é \the usﬁrig#‘?n%cr;fé;g% g%eg?lt{%‘éuﬁhttfl@lsa%'%s become

tunor therap evices n e sphere

f agider nfherddién gliyt r WEH N eWdeeslopiidrt e of f iilefsBu Rl Ytherapy, the
point are directed to the center of sphere and becone

t Ispetiad usBrasoundaghenagy, Tine particular, othet H&i ghwintermsstyurfdcused

t hera devyi emts the ultrasound wayes from outside .,

of“?{rﬁgg‘”!fgm) PRRligRa demaging dage QRS UNFLY raat @any kinds

dur e g o for _

i ST AR PNy ] ANER SO BPate) B e onyutippal rgery

anhdc R bHSp | Hﬁﬁﬂot}fé‘ﬂaﬁﬁﬂrﬁﬁﬁg' theaBRliéMRIes® thfifina and can

target region of the subject. e transient high

t gaplézeaataunendhvasive t(e@dme00Cl hersoret itsi dimicalf applisations have
chanjcal effects and ,acpustic-chem cal effects

gfb&aa e&pe@h@m‘fl&c&s ipdiqations dneludg lfverscanger,i Raneysarcoma,

C C at,| ' f e i.se d.fiss d .

LS ORI bhITPAS TaREET RidnklPeardeh oS iR BE HinGE “peivic

3Quinéfahd etc.

The ultrasound tumor therapy devices normally adopt the sphere

focusing. The ultrasound waves emitted from every point are directed to
the center of sphere and become the focused ultrasound. The emitter on the
ultrasound therapy device emits the ultrasound waves from outside of the
body to inside of the body, which are focused during emission and
transmission to form a high-energy focal point. Accordingly high-intensity
and continuous ultrasound energy is applied to the target region of the
subject. The transient high temperature effects (65~100°C), cavitation
effects, mechanical effects and acoustic-chemical effects produced at the
focal point are used to selectively cause coagulative necrosis of the
diseased tissue and disable the proliferation, invasion and metastasis of

tumor.
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PCT/ CN2005/ 001328 During the application of
hi gh-intensity focused ul trasound therapy, the
accurate, safe and effective |ocalijization of theP§Te4005/001328

point is essential for a successful treatnent and

al so the conveni ence of operations for |ocating the

t ar getDodagstht cappdicasiohove Hidh+intbasity Jodied"BHi43dund therapy,
i magi ng has beconme a necessary part of nodern nedical ]
t r 28 Aegwrate, safappdiedtactiveslogalization ofitbedhcalhpoinhds essential

B S hute hanROload 55 BE SRRt 5o ions o
Bt L

ef f eCtFhemedicldmaging hhadBeBbMRr AR¥cestBry bal '0T3RB8ern medical
the nmedi cal inmages can be divided into two categori es,
sutdeatsentarlts appbedtiomages ramdhfougtt tlenatholeadimscal work. Not
Anat om cal i mages mainly describes the human )
moPPHbitdis bgeniused wiglel b for disgnosinggliseases.chutaalso it has played

TR R BEHBRE B B Rt iy enins e

- CayidthcHist A e@Qﬁla'tiﬂ%yﬁTlQ RR) effdcts! 8F ?Lpr%ig% %gfleraldggkerapy.

soire derivative special technol ogres, for

deAit\presdnt otheXmedical imggeg cad/Ba dieidedeintd t digortd, such as
Doppl er | magi ng derived from US i magi ng. Functi onal

i magtomtalnlimages canddunctipralh imagese Aatatdingcal images mainly

i nf i [ | udi PET, SPECT, .fMRl. and, etc,. .
| USLL Oy | BChd B0 FET, SORCT, N N el e the seia

I d~2 . | 8$S : r I
LRS00 SRR, | CES MRS LS P s ot
Vi gfdeuedpite MEkRRITRSS eRimPRIi Kelly LAVEP GRS ahd laryngoscope).
provi des many kinds of useful i'nfornation for -

di byaddition, alse semsoderivativer Wialnttchnolagicqgtﬁoomaﬁmée, DSA
| ocal.i zat L on treat ment. he field _ of ultrasoun
25&%‘?‘@&9%2’?%18” ynegmﬁdemlr ssviysd frommi MRandc dyoppler
B- C { 0 . a - conput ed . .
ColniEnR B0EEd om0 B Rgimel R IRRRN dflainty describes

| M@ RemalhetadoficainForm$esh, i%cmﬂﬁgm,nsméﬁ{ %gm and etc.

MRl are respectively briefed therernafter. B-no

ul Measwdite, ialsgithgre are some functional imaging methods in a broad
sense or less used, for example, EEG, MEG, pMRI (perfusion MRI), fCT
and etc.

With vigorous developments of Medical Imageology, it provides
many kinds of useful information for diagnosis to ultrasound therapy and
more options for localization of treatment. In the field of ultrasound
therapy, normally B-mode ultrasound imaging device( B-mode scanner) is
adopted, and X-ray computed tomography scanner (CT) and Magnetic
Resonance Imaging (MRI) are also used. B-mode scanner, CT and MRI

are respectively briefed thereinafter.

B-mode ultrasound imaging

The existing focused ultrasound .therapy systems generally adopt
) _
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30 The existing focused ultrasound therapy systens
general |y adopt 2 PCT/ CN2005/001328 B-npbde scanner to
locate and nonjtor the treatnent. The sane i nvenPeFEN2005/001328

of the present invention submtted the application
with a title "high intensity focused ultrasound

s)Bimodd etamtand igatdnd Uhonidot thi®treatfied@Mhe 8bme inventors
1998 and this Chinese Patent No. 98100283. 8 was _ )
arthéhe presentd iBverdiinarsedndtielothe 2@plization with rd gitle “high

Ganfnsity stved lasping Ssihon o Snndi oA iing Bimmor on Jan.
B I8 fo0 I SPNNENTRRL! DR 19 RTH8: WS CLLANIAY and
n

ages:. 10W cOS ng;

saflaedust Novo @9 2890t e thnelsétewtthps teehhica$ %nﬂhon has been
observing the tissue necrosis after hi gh-intensity

fah&slesled(inudeuadso”nhmj foHl Fft Bx peedirass a arefereticagh¢re. B-mode
scal e changes of the |matg But, the ultrasound
é Spgndurﬁpnésr@rg syeeaehen the fleving advantages; dow cost,

BB SET IR hinkofhee SARIAC 2RRIGEC ol AS g pherapeutic

URAHSSHLRYS o%@bﬁﬁﬁ oﬂlet tﬂﬁsh ??&' ?fte r Aol rJﬂ1tenséity focused

rmnltorlngtrearre Furt traso

haﬁtrﬁ§0ﬁnd5(EIEHIHl)3ldX?otsﬁrdsdalédnfdinghﬁ) tglrsys Ut ald® Wiiiges of the
and its resolution for tunors is not ideal,

pamagss} Bty the wiitas oundr issagmis hrragrz;i ahrthstdepdh afcabservation
i dentif the s nors and tunors,
{ et Almost cango, disp Ty Fhs Bares BERinE e Bangbeeatss the bone
d f 0
S5 AL U RPN, o AR s i
t fdlﬁlxﬁ@&ﬁonﬁt@ﬁi&lgzﬂ'e@ﬁﬁéﬁf .OFarthikR] 9ké NBtRsyufat ﬁﬁﬂ%ﬂehas poor
e

the tunor according to the rel ati onshi p between _
t whapachpdot iWengify rtbertassvg bowndaryi and ésnfesobtutiom for thmors is

Tl R RS G T, S S iy
I f
SR L oL ob BB L VLo BB B

OrfofB Bfefiidbi €o Qié@éﬂxﬁ’fnet f}ﬁﬁbb{iﬁd@f}eéf QfindotCadd!¥BMmetimes the
according to the tunor boundary. FOr an operator with

i tenfdri evemtconeplgtelyecaresiott e déterminednUader khisgease, some

Such therapy systemqquite .
operators dpproximately determine the tumor according to the
relationship between the tumor and the surrounding tissue in
conjunction with CT or MRI films on hand. But, the target area of the
tumor determined in this way has some deviations from the actual area
of the tumor. The target area of the tumor to be treated may exceed the
tumor boundary or may be quite smaller than the area of the tumor
according to the tumor boundary. For an operator with insufficient

| experiences, the deviations are larger. Such therapy system quite
depends on the clinical experiences of the operator, the implementation

of therapy becomes more complex and the uncertainty of therapeutic

results becomes larger. Or, under relatively complex conditions, it is
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depends on the clinical experiences of the operator,
the inplenentation of therapy becones nore conpl ex
and the uncertainty of therapeutic 30 results beE&Hi@¥005/001328

larger. O, under relatively conplex conditions, it is

3 PCT/ CN2005/ 001328 very difficult to inplenment the

t heerypdififiaulprio cienipleaseranthet ﬁeeraﬁéﬁtly pragddefdscahd e safety
the therapy cannot be ensured. Thus it can be seen

t hend effectss of ¢he therspyt cannot deacranradeMhub gt ghin e séam that it

GRS Sk TR L RSB SR

radi ati on diagnosis in the early 70's. CT uses X-ray
to scan the body and gain the information. Then the

| nBOrApEdMPute] PNISHAPRY skinddtqEPpUt er and the

reconstructed inmages can be gained. It can inage the
or gansCBrﬁ@ommr_tad tsmbpraphyaread 8 bdedkthrmoulgh inaalimtion diagnosis
d by conventional X-ray. These reconstructed
ti@ eafis R0'getlises %ﬁawmsean th%bafiy@nérgq@n she infarmation.

B E s B R M e
aQ?rM%%@yca[rﬁtb% gﬁm‘éﬂaq{‘ QSnS uﬁFl%é Rfie db@%% shd’ %&a@?? Those are

pronoted greatl This sinp conveni ent a

sadiffivalt o uie hﬁagbd by asonveatidndBXdayg athedd sePo¥RIREd images
the devel opment of medical imaging diagnostics. CT

vva‘Qlths@Gfm(btet catomiad] | n¢11atlan$lypamet ikewnedle acahyrdipigly the

°3+? REBESSae fahe sy bechiigened Gubifeearly dpiss don rate
e&ﬁkgoggﬁ%%;ygﬁﬂg T i toglst Qle t{xé f&lpeagggq{a%' Bg%n -E)I?Smoted

can take 0SS-SecC I mages

hagdatlgh@his sﬁﬁ?ley conSeARInY ishd gafel §caﬁ| ﬁ/‘i’th‘é@f‘ pta?d(etrauma and
area scanning of small part of body, such as

hydsaigey hes @rommd]the dgwlnpmepomﬁtqulsmlf imagisgubagmostics. CT
five sense or suitable to find

ouVe% RES de defohes Saittally aaddhe auholarbedy G Scan appeared in
P SR s o S o RGPS O s
r Wﬁ de¥esspdd fr@ﬁﬂtlﬁeﬁﬁftfﬂeﬁ@rdt% £ e f"ﬁh%en%?atlon The whole
carci nomas of some organs. In some cases, CT also can
i dendyi €F caratakol argseatctienimages of tis lsmisehe.ﬂubbllysand pelvis.
S(it also 8 Sttzla.lge a}/eaasscclilln?nng of small part of body, such as hypothyroid,
spinal column, joints, soft tissue and five sense organs. CT is the most
suitable to find out the occupied diseases, such as tumor, cyst, enlarged
lymph node, hematoma, abscess and granuloma, and determine the size,
modality, number and invasion range, also it can determine the staging of
carcinomas of some organs. In some cases, CT also can identify
pathological features of disease, such as solid, cystic, vascular,
inflammatory, calcium-related, fat and etc. CT scan has three methods
including plain scan, enhanced scan and contrast scan. The plain scan is a

routine scan and a general check. The enhanced scan that can display some

diseases more clear is to intravenously inject water soluble organic iodin
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inflammatory, calciumrelated, fat and etc. CT scan
has three nethods including plain scan, enhanced scan
and contrast scan. The plain scan is a routine BERAFN2005/001328

and a general check. The enhanced scan that can
di spl ay sone 30 di seases nore clear is to

| rfefamesinsiiyg.i The conttas ssansBl tabfifst ApPBN contrestitd anforgan or a
PCT/ CN2005/ 001328 bef ore scanning. The contrat scan is
t structure anshthenctorroanst, fiop examplgatheongrassor aistisrinjected into

dth to sc t, for exanple, the confrast or _air .
| raH) SOIA A1 thenyghg sEaRRGEGE N a0 A dn dinay ohin g cistern
beaqﬁﬁess%aqisnhﬂogliﬁggay the brain cistern and the
snma It

tunors 1n The resolution of CT for tunor
is higher rediatibRabf of TBfgPA@mdt G$ '%Heﬁj-thﬁﬁrtlﬁca{_sﬁﬂ B-mode
is.

tunmor of 1 to 2 cm its visualization rate for
8athrapahirfd rF &3 asoallutumas of il doi 2 cABY%ts Pisualization Irate f6f CT is
Is good at imaging  brain_henorrhage, hydrocephal us,

br&fi7n aadiier Bamons wisrasanend is48%: Dartiewladyr CTasgasdcat imaging
HafEhe ot S AYER SR 5 AR gin caner
thﬁldd'e?tg.n%'rs Qﬁﬁféﬁﬁﬁxy cﬁfseasgé,m%ﬂg Hld 3§ﬁu'ﬂpcﬁr§ﬁ25% B-mode
Al so or hepdatocirrhosis, fatty Ilirvér, splenonegaly

andtrashast ieraked eaAS6S,CT hendlaigeddlBn th&tdaghosts Heearacy of
ultrasound is high. In the existing technol ogy,

alBeaede sulrasoundasourR$%heAdsyy Jpst depatotirhiesis,oyfatty liver,
[ bilization ans to |ipk the coordj nates systen%of
CPPIIOmeEalY ARdgaaiesiintl 1diseasssr dRarleiectiost dhfeorof B-mode

thﬁfﬁgﬁﬁn&@ ﬂigﬁges are used to make treatnent
ures an

proce then by the rel ationship between the

coor difaheexgnsie rf@&i‘noqz{%]ﬁt:ﬂmd}g sbieAeeradhend MBerapy systems
coordi nates system of therapy, the automatically

colepley |and immehihigation smgans do nkiok vihehooord@ateseystem of CT
nmonitorin durigvg{ treat men The CT i mages here _ar

t FEAPAGE TNAgTe¥ith the coardipptes $¥PagBsoL theranyt Eéfugtﬁages are
T O R e BBy U LIRS S
t tRalcedrdmitd3al R QifGCT%ctaHﬁir@MﬁhgéH af® YRTBOSRIin MeS Rystem
as respiratory” novenent, heart bealing, digestive
orofathenmpygnthet aatoinaticallyTlcentrolled treatment is performed without
image monitoring during treatment. The CT images here are the past
images (not real-time images). Even though this method has improved the
accuracy of localization to some extent, the deviation of target area to be
treated may happen due to the physical movements, such as respiratory
movement, heart beating, digestive organ movement and etc. The
influences on the target area to be treated from this kind of movements can
not be learned because of no monitoring, the treatment may still be
deviated with great possibility. Meanwhile, it is very difficult to ensure the
consistency of the body positions of CT scan and treatment without any

monitoring. Generally, the human body is closed in a rigid immediately

shaped phantom for a single use before CT scan, then the human body and
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25 influences on the target area to be treated from
this kind of novenents can not be | earned because of
no nonjitoring, the treatnent may still be devi aP@¥CN2005/001328

~the therapy. For ‘exanple, the blood supply wt

with great possibility. Meanwhile, it is very

difficult to ensure the consistency of the body

pothiet pharstoaf afd togethearnstanhedt BErCTWBdtaube 2ah¥ human body is
monitoring. Generally, the human body is closed in a

ri ¢gjoded imble sigid yphaotarhahedpptientt cannfostalee offitjicephargom for a
bef ore CT scan,. ,then the humgn body_and 5 .
PCFP RO GOP OO IS SAREIR R ANE GTHAaHEm, J: PRsfeny ol bgyfixed in
Cl4,.B u b [ c [ i gi.d .
s SfREE iAot TR o 86l g il Bed i s, with the
I §sartOmafiaé Qo WO itFhrd fFREd R@oh® BNAApY "é%u-fgﬁleﬂf‘tﬂ)? Nteatment
cannot be fixed in the closed phantonifo long tine

anafteth@T saan ebhist mgttduerequirtel thiethe thbeapeatichsan shaldde made
transferred soon to thera equi pnent for treatnent

af#ngt thertrgatpentshall hepe yrm%hinﬁwdiata}y ehén a short time after
tfg asoeuti c plan shall be nade and the treatnent

sh ?I ‘ge: performed i nmediately or in a short tine

af ter Aﬂ_iti%_ﬁﬁp?',uﬁﬁjépet 43! oy o ft J?‘a‘ﬂ:&(‘i‘rsafotle 6ﬁfé+1€rgcce?£he 3 6léerapeutic

factors to In ence the therapeutic

t ceffduas alueetol carastepistios ofagaussuid eicapy, o exampR, Physical
physi cal conditions of patient (for exanple, fatness

ofcqualitiems pf pabisnt i(for examplepfatness wfrpatteat) qrasitien iofstumor,
B R s Rl bt bR . amor
PR Hof' Bicin, TSRS AR nisSiohy Slavihy HIBLHBRCy nifs and etc
diTHdseUfdctdre digedtBasnflgenc thd YR SR tultrabdbmed Eiﬁenr‘apx.e Many
adeotors ere diffisnitdei nmgasursdandneavet gregeinfluenseton the therapy.

treated have .l arge . effects on the tenperature rjse of
t ﬁ:or & £ WZ@%OQ%PP e Wil &h%ﬁ?i%‘s;t/‘ci tgansEpigsion way and the

ditgféf‘f Urka §8 bl%ettrge%& lﬂa%.egr%é ]fegéetlag §H dt%%gte?rfqﬁggﬁllréaks%eof the

eval®uat ons” on tTherapeutic

adptifet eed. Bt tHeebloBE supPW i€ veHARIfTich® 9d alculated. If there

t herapeutic effects of "ultrasound therapy are

| iaret @d. rh@letiosr dvaduations RasotterapedtimgeffgctsN¥RU) no timely
adjustment of the therapeutic plan, the whole therapeutic effects of

ultrasound therapy are limited.

Nuclear Magnetic Resonance Imaging (NMRI)
Nuclear Magnetic Resonance Imaging (NMRI) is an important
application in biological and medical fields. It has a short name of MRI
(Magnetic Resonance Imaging) and also refers to Nuclear Magnetic
Resonance: CT (CT here is short for computer tomography). The simple
principle of MRI is: the patient lies inside an imaging magnet.
Radio-frequency signals are then applied to the patient. The hydrogen

nuclei in region of the subject are excited by radio-frequency signals
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Nucl ear Magnetic Resonance Imaging (NVRI) is an
i nportant 25 application in biological and nedical
fields., It has a short name of MR (MNagnetic PCT/CN2005/001328

Resonance I'magi ng) and al so refers to Nucl ear Magnetic
Resonance CT (CT here is short for conputer

t oamd)r sgxids) . wehke sadi-frequenagi pignadd, Mrhidhs:refére to nuclear
patient |ies inside an inmagi ng nmagnet.

Ramaegnetléqmemr;argzeg rfagRalsr eDURE alhw$ | proqesss hihe appropriate
t The h 30 I f t

P fectrics At RISE nip (ol a9 fagidignanal e magnetic

qugsagpgggg’/ Qgg{g?ss &hd e %@uﬂ%ﬂk sEPéytﬁlelgeqﬂ?@ C13f1format10n is

si gn refer to nuclear magnetit resonance

si giveSsed s ighth tHE SisPli®eRamctéristi &POF eRER poent and further the
gradi ents are applied to the magnetic field so

t htéssteegeast be imagednance signal s can be acqui red
selectjvely. The information is. 5 processed to_ _gain
t he t.%@@@esﬁaRS&ewcet {magme é%(&l?qf)pbmgrawd abditb’hé(? identify

(iftehcHEe e And s FBUP e, JIREREHHG G RAGRECSTRELRS twmor
angshe HASYo %t&hﬁhb%k&'ﬁﬂlﬁdﬁy Hﬁﬁoxt LgsHe omd éf‘m&es the

tissue and to determ ne eboun ary of tunor tis

MRiolpmevdatasof hesubjestoandia plaxt sofohiurmas uiydcor all Body can be
part of human body or full body can be inmaged,
t Haragedr dherfores MBJylsSuetsatsuéabbr fondaeating tthe regipwrof the

I(EI]IC S h‘%ﬁr'@ Béﬁ%q%@ r"l@e‘? ' b '?'1'155 laflidﬂpﬁlﬁg?eaquroeedures
devighPRARB! With gﬂ cfe%%ggﬁﬁ yof MRI etéblgr#dlpggwfﬂe ex1st1n

equi pnent alrea can he 1 mages

I eyuiprn 6Bt alOiBOYSH g tﬁﬁlm@%ﬂ ﬁlettiﬁsﬁeﬂlrﬁﬂﬂﬁh@ @horeover
image with a certain vol une herefore, MRl provides

arthe imageeist threetdimealionsl umage withne ndertain plums. Therefore,
tr ment . . pr ocedur

| -ti Particul ar|
oAl R eSChiEns bbbl solitiameh MOTIRY the fatment
h
TFPREA0ES T Pl Baf iy St Mo AR pPices o
uldondgedsive t feaipRunirer mda@ﬁﬁh?aknéthéauexpécté’@t bgnthd Sthermal

noni t ored and gui ded by MR n H FU
therapy.

In this art, it has been discovered that the ultrasound therapy for
internal tissue of patient is monitored and guided by MRI. In HIFU
surgery, MRI may be used.to scan the patient for locating the region of
the subject to be treated before HIFU treatment and also to guide the
ultrasound wave to the region of the subject and monitor the temperature
changes of the tissue during HIFU treatment so as to ensure that only
the region of the subject is heated without destroying the surrounding
normal tissue. The advantages of MRI are well known by the
technicians skilled in this art.

MRI can not only avoid the radiating effects of X-ray CT to human
body but also image the diseased tissue. At present, MRI is a relatively
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surgery, MR may be used to scan the patient for
| ocating the region of the subject to be treated

before HFU treatnent and also to guide the PCT/CN2005/001328
ul trasound wave to the region of the subject and

nonitor the tenperature 25 changes of the tissue
dudegignidiahb) tdor eRamimd the el Joaatsuspidahatordnlwiscerbein pelvic
region of the subject is heated w thout destroying the

s waviiyndterys, medimstinum disgasam greatvegssealjedisedseymif and to

wel,| kpown by t.he. technicians skilled in this art.
vRAeRt Wé’t"c%?ﬂtl le‘é\f?ﬁc 1%%e radiating effects of X-ray
CT to human 30 body but al so image the di seased

tissu : j i1\ T TA :
7 CrRA SRR el S ALK mfpiopigg o very ian

] MMotrsoverpifointhe steddindss aeff maighetielfyéld o£ MRI the nonmagnetic
uterus, medi astinum di seases, great vessels di seases
ofdesegns famthet therappsystem thayeaz diigh levélartberefare,Ble therapy
the appl.icatiagn.cost for M real:-tinme, noonitorj IS

v SY5am g very diftiai e eflbﬁedtqpénétrwgdwvh@s@eo#&ﬂ%ﬁém
field of MR, the nonmagnetic designs for the therapy

syst emd@ﬁﬁuﬁ‘aljﬁ@,hp!-ﬁl\(ﬁ%le; nitP e STt E_Edt Pliave hheir own

y difticult to Ined w t he

systemis ver c e uséd co

MAldvaytigem add® sY6MRdveZ @hedp- m&vﬂﬂlﬁa?%.o PAdaddifioaNthe image
MRl have their own advantages and al'so have their
diinfetwzaticagdmits ndeeldiot their dififeremtagmaging i prineipiesi omake the
lim.ts dye tq their different. i maging. pringiples ke . .

¢ 1idtests et singly use ianesiad ragaceidsal ﬁ%%@?w&tﬁ?he clinical
[ T cLipical [ f

+ dBRtapy e BHBE fos 6B R Rl BORSions uth Fieah Sat: FEPpsBlormance
anghdc eBNeatient impéaeRatdhn & sofve Thy probfed! 8P118MaIPZation in
| ocalization in “ultrasound therapy. 15 The inventor
hoptaseund thedapy.new i mage processing method to sol ve

the problens stated as agbove. Wth rapid devel opnents
of corpgt BVentQroRoRRS: t@a?mén% ng¥HYPASE PRACEAING mgthod to solve

SRR, b BN RS HHBRHSHRS SPoFmouter,

;g‘g)rnir:hﬁ#lﬁ:ggifgni, BGRotdISARD MansiNeedtologesd the [RELS! fusion
appeared and has been developed since 1990°s. Some breakthrough fruits
in the field of image fusion have been achieved in recent years. Image
fusion technology provides a method to process images.

Initially, the image fusion indicates that the images gained by the
same or different imaging modalities are superposed so as to gain
complementary information and increase information amount after these
images are necessarily transformed geometrically and their spatial
resolutions are unified and the positions are matched. While, the study
‘scope of present image fusion includes image contraposition, display and
analysis of fused images, effective correction and data reconstruction in

emission data (SPECT, PET) using priori information gained from the

corresponding anatomical images (MRI, CT).
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20 fusion technol ogy provides a nethod to process
images. Initially, the inmage fusion indicates that the
inages gained by the same or different innging PCT/CN2005/001328

nodal ities are superposed so as to gain conplenentary
infornmation and i ncrease informati on amount after

t hese Alvwmyge thaiefonmatioagprovydéd bysdifferest imaging modalities is
geonetrically and thejr spatial 25 resolutions are )
urfiomRIgmesdanh & il sachoatheas dn neideRde. usmithe, diffesent imaging
st .scope of present image fusion.ipcludes. i e .
céﬁs%{%lﬁtigﬁ t i?%n’prg!vg afP4fid C%Bf%i Smgqrr?eﬂgcg)q Fiﬁlggegffectlve
BB HE G s T8 BRSNS el e of i
gahtedationnist he n}%kfe’r alspogebmetrivad! podiciohs | SRGRIHAE! images
CT). 8 PCT/ CN2005/ 001328 ways, the information
pregvraspandypaint fbe)L plain'tihimgihsllgltiriitl)ct?nﬁl:lidfj iTdds iprocesstihs referred as
cqQnpl enent af,y. W th each ot her. order top use e .

di £ @@Eﬁtlopnagﬁﬁgse%alapmqeé% q ﬂtﬁ sRtegratipgy és dengmabine the
[ ' t [ .infa ion always n S
PRy BRG] g 5T 0 BKE P ERplay e

| nhAsthdtic) This pPodEBY §s téR AUtk AP. Posi tions of
mul tiple i mages correspond point by point in a

spat i &lorfdiffedentTielatiyelgcaanpliex ckfileal adeds a technical solution,
"regi stration". The second %ocess of the integration
i Whighcepmbacarried qudiwithrie hewrgostneasilyamateh doith dheexisting

ERITHE S TR e

r é‘ﬁée‘ﬂellﬂtrm@)%hadgﬁj ggkteﬁ’ﬁeq? néededC P! %gll\;co improve the

sol uti on, can rried out wth' a cos

eadirhyournt therapdutic teehaiques iand toagihianoe s safetyafi@ @ffectively
ef fects and particu_larldxis sui table for ) )
his§Rrtentthadreaimens time oAt presessuthere e ngpspchytechbmical solution

needed sp. as to i e the, ultrasound therapeutic
tﬁgﬁf’wﬁg‘ %ﬁﬁ?lgr&‘ﬁgrﬁé%“?‘mhegﬁ?&y and effectively
15 shorten the treatnent tine. At present, there is no

such technical solution disclosed in the field of
SUMMARY OFTHE INNVENRION THE | NVENTI ON The

obj ect of the present invention is to provide a
rel i ablhe ahie¢toof the present invention is to provide a reliable method to
localize the target area to be treated for HIFU therapy, which can enhance
the safety and effectiveness of therapy and meanwhile can solve the
technical difficulties in this therapy with a reasonable cost. Meanwhile, the
present invention hopes to use this locating method to monitor the
treatment as so to carry out the ultrasound therapy more safely. In order to
realize the above-mentioned object, the present invention provides the
technical solution as following. |
One aspect of the present invention is to provide a focused ultrasound
therapy system, comprising a central control means, which is used to

control said system, includes a means to control acoustic energy range and

move the therapeutic focal point and an interface device for inputting and
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20 localize the target area to be treated for H FU
t herapy, which can enhance the safety and
effectiveness of therapy and nmeanwhile can sol veP§{eN2005/001328

technical difficulties in this therapy with a

reasonabl e cost. Meanwhile, the present invention
hopetputting sefdririatidnotoadr figprrestalid dh¢rapyosyistea dndemay input the
treatment as so to carry out the ultrasound therap
noPReIlPR| Gommangdp dising mauser iyl kepbeard and observe the B-mode

aboye- nmenti.oned obj egct e present inventio rovi des,.

¢ n BN i Bees SrlnsTasted, BopEpREH g e g feled by < Bisplay
t hﬁ,rp&&éﬁﬂnihHVﬁ@t 4128 toShd ek 4f .a@o&&?@%ﬁ?r applicator for
ultrasound tHerapy system congrising a Cent ra|
coappl9ingretRNSnertlyi toha pbesds et ged aréxOMid @bnémitith gSHBUSEIC energy
i ncludes a neans to control acoustic energy range and
30ambyencémdrating thpeaciusticoendrgpovithimadmall regiensf fareexample,

device for_| trin nd _9 PCT/CN2005/ 001328 )
out Begionef D A0k P tofogm prigrTapsrtc fReslapging,a maghanical

angl . ' e 0 i 0 d in e and .
o080k MR e pBRRR AR SO B TR P moving
t r dRSAQEEGE TP Ybi iﬁagmgga&ardirfgtgtcﬂﬁyé R tR¥tdns and moving
display for determining the areato be treated; an
acsaidtacoustiergnergppappliiater t@robatepgaiyithgrdpeatienfyogy point; a
to a_preset target area and generating acoustic energy
ani¢ab-éiee B-madengltraseund doage gudingydevice Hpn seanning the target

{ R n EeRGPLRE Je RO fe Blrespine imae st Tadsiercinf ¢ ggerated
?nﬂ-ﬁleaeﬁﬂ{fgﬁ(gﬂﬁdg?géﬁs? {085 A28 Uit chH&E)%e%BQ'ihfr@ Aime so as

or novi ng i on probe for 1maging accordi ng

t otottheke nisé¢ bpetatoniocatsltiendisegselidftatd applys htGustited@t gy for
applicator to |ocate said therapeutic focal point; a
r eiipatment gcopsding)itor saidunmagasgSaidi ficnged evitrasopnd therapy

OB o8 5 ToaF R BRe oEHES ady osion. By
.B'ﬂi&‘édﬁf b bf QU i‘xﬂrﬂc{ﬁﬂ%éﬁ{){ﬁ xflgéu?s ?Spttfo?l}y PB&'ﬁ"oB', tﬁ@al%ﬁl-time
Inreal-tine so as to nmake eoperato ocate’the

diBaased Weahtowidl imapty caf b hlignedesii éy didgnosis image (or
treatnment according to said i mages. Said focused

ul calkesloasid're gistrapipn s yand thémrarh ¢he dasis of asgistration, B-mode
[ bi | i zat,ion nmeans_for, body posjtion, By the, help

Yy .
ofulffgsguR ges € Bisede Wil thy didgRosiodmpges for guiding the
r edlerddyTe |

The diagnosis images mentioned in the one aspect of the present

invention include, but not limited to CT images, MRI images, SPECT
images, PET images or the registered and fused images by above-mentioned
images.

The guided therapy adopted by the therapy system of the present
invention is the therapy with treatment plan made manually. Or the 3-D
treatment plan can be made using said diagnosis images, then said 3-D
treatment plan is projected to the real-time B-mode ultrasound images and

the automatic treatment plan is made. Also, the 3-D treatment plan can be
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B- node ul trasound i mages can be aligned with one
di agnosis image (or <called as "registration"), and

then on the basis of registration, B-node 20 PCT/CN2005/001328
ultrasound i mages are fused with the diagnosis inages

for guiding the therapy. The di agnosis inages

manhde® neithgi the trbel-time agpaet Bimodeuhrasant imagesnthensaid 3-D

i nclude, but not limted to CT inmages, MRl inages,
SHEgtmengjer is gEvjaciedide s@id tdiagnesds dmages tanbe fmedified and

{%ﬁ%@g@g&gg' gﬁtmi by ﬁaai%%@gf é@ﬁf@epﬂﬁi%r%gg%iﬂg to said

[ ' i.s the therapy with treatnent plan nade
m@ﬂcﬁ@%t@%lﬁ the 3-D treatnment plan can be made usi ng

sai d A&driegaldy, MRYaystenedf IhE dpreséht iReSHtITNim#AY afake 3-D
is projected to the real-tinme B-node ultrasound inages
artde@menh plamamshperform thaantomatjd treatnentade. Al so, the

3-D treat nment_ plan can Ee 10 PCT/ CN2005/ 001328 mnade

usi ng Fugkhere dhe ¢ system c gl thed Peeseplielnyentign omay iadagksB-mode

t 1.0y 3- .eat nent n. i roject to said

oi S8aS8it fortsak g TEMarbi ol MR Sedd Sna”ne

aut omNrEsnWhRE! RO preSemPihV&ttich Lpravidisdianoddliniileans for

adj usted plan.” 5 Additionally, thep system of the

priesapet registrationn Thy spucal3madet Neadlimytionplaad émehobilization

performthe automatic treatment. Further, the system

ofmeans pamberintarfaced: with diggnasis mquipmede and maydbeupesitioned

for real -t|nme_eyal uat.ions .on therapeuti f ts.

Vel iff 1 2ble s Y RetEis PaBhartn sBviseaMI id g o be
. O, J e; SEration. . Jhi =" :

TRRILEY P RALRSCAR gh iheill P05 RS Tilns s oo

| ndesidrciedo Vbé Minthrfigueds vditle Gliepip3nteqaimeRy Weth this locating
positioned on the table of diagnosis equipnment, such
adueans, MReapatientcis, fixgdben eatdblepfathe ftherapy equipment and

B RN M RN A ENC I

:%ﬁéﬂi%%tgﬂfﬁp pisnirhsbll}gfrfeﬁ gﬁfgére'n? Jihér%jsi? I%qhﬂ:ﬁnents, the
different interfaces of the locating means are designed so as to ensure its
best matching with the diagnosis equipments and its convenient
installation.

By providing a focused ultrasound therapy system capable of more
accurate localization, the present invention integrates the existed different
medical diagnosis images and B-mode ultrasound images for monitoring
so as to easily realize the interfaces with the existing ultrasound therapy
system and particularly facilitate clinical localization of tumor, make

treatment plan and monitor treatment in real-time. The operator can

accurately find out the target area to be treated.

Beneficial effects of the present invention

Through the real-time B-mode ultrasound images and diagnosis

1



10

15

20

25

30

meanwhi | e, the consistency of body position for
treatnment and the body position for checking is
ensured, For different diagnosis equipnents, thePCT/CN2005/001328

different interfaces of the | ocating neans are
designed so as to ensure its best matching with the

di adfinges, suph piTeind se giswatiéms of AP i MR inZdpes, the operator can
installation. By providing a focused ultrasound

t heraggyraigkt Badcupdbe darget e to Hectueated. Oocthiei basiy ofi images

B g dbF B 8 EHPR okel % e i 1 o
for ﬁﬁ)zggeggfusf'& %?nﬁ Qeﬁa@ln[ Br&%hkégtéa'@& M“u% 8E%D as to
St ng ul'trasoun Yemang

par tBthé'r %dl&e Pbiaﬁbﬁ‘ t& ipeffof tHeoﬁﬁkéﬁ’-)atﬂ)ﬂ rihé"‘basm of image
t unor, treatment plan and nonitor treatnent in

r ealreglsma.tlo‘ﬁhencbrﬁns&tmranda‘rhroagh unakingy 3tDntteatmerthplan, 3-D
target area to be treated, Beneficial effects of the
pr esaélﬁ@maﬁvématawn@,@nﬂme@hgmq ReDr wigtual .trp@treﬂnbaeomtormg are

e garorBiid, THRANE 10 (6P PRBI G tesnterl spTirnd indfcHield, the
t heﬂié‘@?élﬁt Phv dﬁﬁ‘ﬁ%%l arﬁééure?f’e%ltﬁ(lep 1944 ﬁﬁ‘:e difidat grro%"l‘ems in

freate basis of" i mages registrati

the Higk<gtensitpyfsdused ﬁhi@%&uh&ethk&@)staﬁﬁeﬁattfﬁiﬂﬁﬂy for tumor
or MI inmages fusion with real-tine B-node ultrasound

i nagee@tgl@nasvltlba 501Ueqq5@r1t gmomles lhevesparacealttochmicabsetution,
the thera e regi strati on and
e ekt b Gy AT o R A GepEt A M3

automati c treatrrent and real -tinme 3-D virtual
treatnment nonitoring are perfornmed. Conparing to the

BRIEFEDESCRIPTION OPTHESDRAWINGSI el d, the
present invention has effectively sol ved the difficult

pr obl éfer the Gsummary mfeﬂih@‘ tlylvemnmwhmltha@sur&dvantages and
t her and. particularly for menf. with a
| dmrlEbentationptype Jage e b etter apdetsians by the technicians

ST w5 B R L T e i

1%c8binpani iy &tawmgya@a el Jif¥gRt i on, the objects,
advant ages and

- Fig. 1 is a graph illustrating the ultrasound therapy system of the

present invention.

Fig. 2A is an operational flow for registration and fusion of B-mode

ultrasound image and CT for treatment of the present invention.

F 1g 2B is an operational flow for registration and fusion of B-mode
ultrasound image and MRI for treatment of the present invention.

Fig. 2C is an operational flow for registration and fusion of B-mode
ultrasound image and the fused image of CT and MRI for treatment of the
present invention.

Fig. 3A is a diagram illustrating the installation position of the
locating means of the present invention.

Fig. 3B is a diagram illustrating the locating means for registration of
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i mpl ementation of the invention can be better
understood by the technicians skilled in this art

with reference to the following detailed descri pPGiiN2005/001328

wi th acconpanyi ng drawi ngs and enbodi nents. Fig. 1 is

a graph illustrating the ultrasound therapy system of

t Ritagrdbipriasapes and eBtmode HWitgasodAdi imagesopEhatlioontihg means
flow for registration and fusion of B-npbde ultrasound

i idagplayed here fsor normak vasuuny fix wedgrlassent i nventi on.

Fig. I S.an operatio fl.ow fo istratiqn and

fusio ?%.Ir f%l agram ﬂﬂglﬁﬁﬁﬁ%ng ﬁ]&egloc;ﬁgllg,\,ﬁpag% or registration of

BRI Pl PLCBERack UACkLRG g L 16C It mesn
uldispaged detdTRoe vadishh fex hHdeday ad@e vatuthizd MR for

treatnent of the present invention. Fig. 3Ais a

di agr ¥ug.i Kl isstar diaigngmt Hustrading Il iiorageosdgistoatiord fléne of the
| ocati ng neans of the present invention. 30 Fig. 3B is

a PIESERt ARYentemtansk i ng t he | ocating neans for

and BEAGa ot (b AR, DEESURR Y SreliRgt i, b B on of
01 Sbéufith hidafis of the tRiatitent Bgyum 11 x underlay. Fig.

3Cis a agramillustrating the | ocating neans for

DRI EATIRSERTPIION. Of PRERIREy Egoppyens

here is a vacuum fix underlay after vacuum zed. Fig. 4
iIs a diagramillustrating the image registration flow
BEmbdédimenedent invention, and Fig. 5 is a diagram
illustrating the treatnent and installation of

| ocat iAsg shewnsimFighd tandaFignlAbethe ¢mbodimenEPS the present .
DESCRI PTI ON O PREFERRED ENBCDI VENT Eﬁgodi ment iaAs
odr n system 2,

sHBYFPLOR Frudes apierapog. conrolisystes, FRatByent B

g,re?%?%;t(r:%g?gngén% OS]D’I gﬁ‘n&é§§f:%ﬁ%f%ﬁhhor§y§@m 8! m¥kidifensional
movement system S5, water treatment system 6, treatment bed 7 and
locating means 8 and etc..

In embodiment 1 of the present invention, the diagnosis image is CT
image with a relatively high resolution. There are many kinds of existing
CT scanners in the market and the products of GE, Philips, Siemens,
Toshiba and etc., for example, LightSpeed16 from GE, can be selected.
For the relative information, refer to
http://www.gehealthcare.com/cnzh/rad/ct/products/light_series/index.h
tml. |

The CT image and B-mode ultrasound image of the patient (the
B-mode scanner may adopt ESAOTE - DU4, see

http://www.esaote.com.cn/product.asp) are registered and fused so as to

guide the operator to perform the treatment. Or, according to the registered
and fused image, 3-D treatment plan is made and the automatic treatment

under the monitoring by operator is carried out.
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15 energy controller 3, B-node ultrasound system 4,
mul ti di mensi onal novenent system 5, water treatnent

system 6 treatnment bhed 7 and locati ng neans g POIEN2005/001328

etc.. In enbodinment 1 of the present invention, the

di agnosis image is CT inmage with a relatively high

r esol (Tthieoopeiitmme flove ofrynbddioenofl exfi $hé yes@0 Tivention is
scanners in the market and the products of GE,
PillustsateddndiigndA. Toshi ba and etc., for exanpl e,

lr‘ Ielggi - :ﬁ%&? g{%gq%igﬁ’boﬁg?%(%%gg lf%% ttree%'tmerﬁp racct:(pr%ing to primary
ht &1, : | 4:h c /ga p

SR ASRES K RIGRE b YR cgpemen on, herary
B- eqoipmitint nasdes nghonitegih gobyt Bempdt i sudnnet He pdfommaked and the
scanner may adopt ESACTE DW4, see ) ) )

ht eptitalhedy pastteon: fon teeatprend is detesmiined.cl hig gireeessdd referred
and fused sp as tgaegui de the o.peraflor to performthe

t r&aPRERPSIHENING iPI§ RO IHARINGe fhe temey cagn Be feyagyned by
[ €a:aam T t | . an [

TSk B R R M eSS b SEBHIETRY b ML, o

Caghlel fithcPidinal dmabing, PE0ORARPIE3IET THRfORCARY icXAnfih@Mon, the
of enbodi nent 1 of the present invention is
i | patidmtaheeds noFbe. fiRéd adcotdingt to tjwesenibiodyl pbeidion and the
position for treatnent according to primary djagnosis
i neqprdinates sydem sl heplignedy Affer examination, dhe 1mage can be
t her a equl pnent _under nopi toring by B-node .
ScTmRY ont 5 Bt Hr S mans B o e regding o that
U IR S Befofe ﬁﬁb%ﬂ%ﬁl@ﬂonm PeRREESthel Sat{&ft 85 166h1iR2™ on the
pre-positioning. After pre-positioning, the tumor can
bethexapy Bqdipmyentt fcodimgnas ipseseregdygpvsitionhiAfter localization,
resol ution, for exanple, CT or MR, or the functional
i nthigi Waags segistration andpfusiomare cartied cutandntha Gaal treatment
10 _pati ent needs, t.o be fixed, accordi 0 preset body.
ooRlPR 150 Tt thn LaLPEgE ettt by, Bcitiesed iapistered
Al ] fﬁ%@d“iﬂ%ai’-@im% had {Iﬁﬂgr i) Oﬁ@@nitofifng‘@f 8uUH f{Hudl actual
primary treatment plan can be nmade according to that

system can be carried out. After the treatment is finished, the therapeutic

effects are analyzed and evaluated and a report is issued.

Embodiment 2

For embodiment 2 of the present invention, refer to Fig. 1and Fig. 2B.
The MRI image for diagnosis with a relatively high resolution and B-mode
ultrasound image of the therapy system are registered and fused so as to
guide the operator to perform the treatment. Or, according to the registered
and fused image, 3-D treatment plan is made and then the automatic
treatment under the monitoring by operator is carried out.

This MRI image can be gained from the equipments sold in the
market, for example, Signa MR/i 1.0/1.5T from GE ( referring to
http://www. gehealthcare. com/cnzh/rad /mri /products/mri/mri.html) .
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i mge. Before inplementation of treatment, the patient
is localized on the therapy equi pnent according to
preset hnr‘l\ll ani tion After localization 15 t hePGTAENA05/001328

regi stration and fusion are carried out and the fina
treatment plan is determ ned. Then the treatnent
gui ded by the images registered and fused in
eal -tjme and under the nonitoring of 3-D virtua
EE? ImgPEBem can be carried out. After the treatnent

eval udBaTiyes s SPERR P Senidn S5 Senisael Rohte 3opdite. 2C.
enpdifigdY ihagk (#f‘@’[pra‘ﬁﬁeMRI Ryt ?a'atibgg)ﬁrhiélﬁ resSution and
land Fig. 2B. The MRl 1nmge for diagnosis w a

r dB-atodehytrasqgind aRagelof the aherdpyn®@itemubtd Asgisteted and fused
i mage of the therapy systemare registered and fused
s$0ags @ guBlegthedeperatorofse penformt thepizestorantt R, according to the

Rl PR B S e W1 hen e
y N . . ‘

AP e LB 5 TSR SPOREDAL

equi pBfbfe $@diBni 6f U an@®@MR] imfa@es SCAMREEn aAdIMRI scan on

MRi 1.0/1.5T fromGE ( referringto 30 http://ww.

ggtatient lacarespectivebyn petfoamedmWhen scanning, the locating means 8

/products/nri/nri.htnm) 14 PCT/ CN2005/ 001328
Er?l?éﬂﬁ’r?e‘l‘ﬂedsfqtdpc%lh%?émm immebikisation.esent

' | ig. land Fig. 2C The fused
| mage OsRCcnt iefury sy s saTRca oy empimediun 1 on

a 5 B-node ultrasound i mage of the therapy system
ap'gh? E9MIR QR WOTK L pinsedures efsthesrabedianents of ke invention

. : , ' .th . .
" gt st BPcateh PG RUNE phpsuced "B b iR redrngaibed in

agdtdibeertififteaut omati ¢ treat ment under the nonitoring

by operator is carried out. Before fusion of CT and

MRl images, CT scan and MR scan on 10 patient are

respectively performed. Wien_ scanning, the |ocating

mel@idalgpositianingrnd predpesitionéngl i zati on and

immbirlhization. e N

T'he”operations of initial positioning and pre-positioning are very

simple and may have been used in many treatment modes before. The
operator gains the initial diagnosis images, which may be existed in a form
of film or CD. From these images the operator can determine the size and
position of the tumor and according to operator’s own experience can
initially determine the body position with which the good therapeutic
effects can be achieved and the acoustic energy may be fully focused in
tumor region without damaging the surrounding normal tissue and
dangerous organ. Then, the operator will make pre-position on the therapy
equipment of the invention and use B-mode ultrasound on the equipment
to monitor so as to determine appropriate body position for treatment. And

the vacuum mat 802 in Fig. 3 is used for figuration and immobilization.

And the locating and fitting mark shall be made normally on the body skin,
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O her procedures are the sane as those in enbodi nent

1. The common wor ki ng procedures of the enbodi nents of
the invention The_ other mnr‘pQQl ngpr ocedur es BFT/¢NR05/001328

invention are described in 15 detail thereinafter.

Initial positioning and pre-positioning The operations
ofwhisht isadiffiesltt toomiovg, od epamppesikinarfi clgeshr Ory éhey marks are
sinpl.e and may have been used n many treatnment nodes
bePafe acaprding to gﬁe‘i’f&fBPS’é‘é’iﬂ BeRe-initial di agnosis

i mages, which may be existed in a formof filmor CD

From these i nages the operator can determ ne the size
anfeai9stid gpiﬂggg p@%lts&gg{mand according to operator's

own experience can nitrally determ ne the body '
posi t iTire peesbntvniventioheusgeale lbeathpetdans Sfdgether with simple
be achieved and the acoustic energy be fully

f cralewdations 26 realize tlnfegm@gevmegrs@mlo@arﬁga registnation is only the

¢ Hiogial Govament aal 2opre Sirle: £ o ArRTEHE if Reserped as below.
e%?ﬁ,’"ﬁm Yinhiheof ncyo%}tiirfyt? sﬂﬁﬁs Bd&%g ! L5aBeHRY are 3D

equi pnent — to non erm ne
a@é@ﬁlhﬁ%&@ﬁiﬁt@ﬁsyﬁkﬁﬁ fIQfe (‘lﬁé’&idﬁ‘ﬁf ealWdxis R¢he same and
vacuum mat 802 in Fig. 3 is used for figuration and
[ rmdbnhe pasitooms dordginat peilteast different fitting mark -
shal | e nornally on the body skin,, 15
PCT/ cﬂ"é@o@ 139K the oprinates rdelam b iggAgings plative to the
t he nm

e Pyl BB et %%?“Bdﬁ%ﬁrﬁg%l(ﬁ"?aﬁ)bP%V*}ﬁ‘e‘m the

| "RGerm Rdidh G OPRef] Eh-;%(lp%%%&riheﬂe‘ih’zﬁ%ﬂ | @B BS7)
| ocating neans 8 together wth sinple atlonsto

. real | Zthet bffsetnaDther agrdinaaés pysterhhef tlﬂ:gl(ﬁ:htlﬁglrﬁaam§relat1ve to

only the  horizontal novenent and zoom scal e.
rth@rﬁ?@rdmt%s ﬁbé%%m. %%ﬁleagpbaq@wmenbt%oﬂqeﬂw rYdsz)of«vherem

PR TDET R R o
g)r(: ZI IngPE Iggl nt gﬁm?%& }%er e%bnk'?ﬁ t;%i;’ﬂﬁ%fdlﬁﬁnosis image, i.c.
cahe dicak ﬂSPﬁMSpﬂ‘Gmgc(xU@glzl)gThel)at:bnfpdnent Afd y component of
this scale can be measured by the scale on the diagnosis image. Z
component is equal to the distance between slices to be scanned or can be
read from the standard medical image file of DICOM (Digital Imaging and
Communications in Medicine). At present, all the mainstream diagnosis
imaging equipments provide the medical images with this format.
After the unit of pixel is transformed into “mm” unit, any point of Pc
(x ,y, z) in diagnosis image becomes a point of P (x, y, z) . The
coordinates of that point in the locating means is P1, so
P.x = Pc.x * PixelSpacingc.x; |
P.y = Pc.y * PixelSpacingc.y;
P.z = Pc.z * PixelSpacingc.z; (Formula 1)

If Pc is known, find P as below:
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coordi nates systemof the |locating neans is
O fsetl(x,y, z); wherein, the determ nation of
COfset!l is explained thereinafter (formila 7). TR{/CN2005/001328

of fset of the coordinates systemof the |ocating nmeans
relative to 15 the coordi nates system of therapy

equi prRent = B.xUFPel$facingc.xz), wherein, the
deternination of Ofset2 is explained thereinafter.
The spsce=(Pay)/ BDixelnacdngsy -Yone pi xel dot of the

di agngsj s_i . 1.&. .the scale is Pixel Spacingc(x,
Y, g)ci,s Eé;%g?ﬁﬁa'%’ﬁm};ﬁ?dz’y @EﬂﬁBHwi(of this scale
can beppRAPUERE PYad P@lo%@.al e on the diagnosis inage. Z
20 component 1s equal to the distance between slices
to be BcreP& €10ffsstig read fromthe standard

medi cal inmage file of DICOM (Digital |nmagi ng and
Commuilcuti Bhy 4 Offsetli.xj ne). At present, all the

mai nstream dj agnasi.s . i magi ng equi_pnments provide the

medi ¢ 1-¥ﬁa]gie§ Sffﬁequrb"s TQFERY a,&f%ter the unit of

pi xel i.nt.0. Nl Lt n oi.nt of Pc.

D0 1 SIRRBECEER R {THe by, OV aBBiRt sBhefis 22 s
(%, yp2azx = PIRer oregitdihxnates 10bishal x ROOMsetNxt he

| ocating neans is P1, so P.x = Pc.x * Pixel Spaci ngc. x;

P.y =Pxy¥y Pl.yixOffe2iyrg®.y + Offsetl .Per Offset2.y

Pi xel Spaci nlgc. zZ; @%Forrrul al) 30 1I1f Pcis known, find
P as B%-@\Tm 4.6 POffsetacsP ot Dffsetpe % Qffsetk.7 (Formula 4)

D) SR8 of 2 o pBhetaed S70-TBRSHY et Forfoga, find
b . = . . ] =. R + .
oS, & Ry T eSprdjiles Syl o egoSiindgs elpw

The c®ox & P2tkes (Offsetlpri+nOffset2. R t her apy coordi nates

systemis P2, so P2.x = Pl1.x + Ofset2.x = P.x +
O f sely & B2.grf 6@ff3etd .y + Offset2.y)

P.z = P2.z — (Offsetl.z + Offset2.z) (Formula5)

The point of Pc with a unit of pixel is calculated using (formula 2).

According to the point of Pb in the B-mode ultrasound image the

coordinates of P2 of that point in the therapy coordinates system can be
found,

The space (mm) occupied by one pixel dot in the B-mode ultrasound
image, i.e. the scale is PixelSpacingb(x, y, z). The x component and y
component of this scale can be directly measured by the scale on the
B-mode ultrasound image. Z component is equal to the distance between
slices to be scanned.

The offset of the coordinates system of B-mode ultrasound image
relative to the therapy coordinates system is Offsetb(x, y, z). Offsetb is
determined by the installation of B-mode probe of the therapy equipment.
Because it is decided by the therapy equipment, there is no need of any

calculations.
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10 P2.y = P1L.y + O
z =P

set2.y = Py + Ofsetl.y +
Ohfset2.y P2. z +

f
1. Ofset2.z = P.z + Ofsetl .

z
Wy neint af D2 in the pCT/CN2005/001328
— O fset2.z (Formia4) 1f any p

t herapy coordi nates systemis known, find the point
of P in the coordinates system of diagnosis inmge as
bel owP2 = Bb.R* Rixe1$p}icﬁagblx x Offseflsmt 2. x) 15 P.y =

i ae&?eiét?&') PisiSoacingby ﬁé’oégpmpiof e i th &
Z(r:”cfar g?r?gl to ?’hep%lgﬁ&%gw& n@lﬁé gFﬂhlPlgsound

| mage Alfhg P2 oPFsudhRd Ptal %eocfalétli‘lﬁfecpﬁél g (fBrthB 5) and then
t herapy coordi nates system can The space

( rm;)P@m:upagmgbgomdmaneysystdmt1s|dal¢1ﬁeteﬁ-mdg (formula 2).

ultrasound image, i.e. the scale is Pixel Spaci ngb(x,
y, z) Wier rfeg@trr&p@nergenamilsy we;oﬁﬁcsrmwu@f at Birgode atlerasound
can be di re nﬁa red t he. sca{&on the B- m)dﬁ
o VS i EF Al e Aot i BEHormed innan gred, dRe @rea is

coo:f%%ge 10 bl deiS é?ecggrﬁ%lg%gﬁfh Soungﬁﬁﬁﬁé offalf PGints in the

na es systemo

I edanid Whap® atd ehe SihapWwkiel!idi deaéesined s fﬂ] yscomponents of the
O fsetb(x, vy, z). Offsetb is deternine by" t he

i rpaiatd Bbl andd#b2B- node probe of the t herapy equi prent.

Becausr i s, deci ded by the therapy i prent, there
E‘ée"d’%fh

is no nates Pap and Reg of ,I{ﬁ]sanqg’%2 in the diagnosis image

ot St med Yyssetuiy ey Bome Mol KERIGRRRI Epfa frormuta 2)

P@hé’n thd n¥gé witnsa! tﬁ@%bﬁﬁ?lé’ réfg 16T1f&%1j?niY1eﬁw Uy &ofponents
After P2 is found and P can be cal cul ated usi’ng

(fodrPel an8)Pahis abguired. Besalke the scmdgllhgetS;mcmghabéSB mode
syst emis cal cul ated usi naét(fforrml a 2). We

frasqund éwag@elﬁepawlyly Pﬂemétfraeu@m écaleBPmi§pa01ngc of
uI trasound real,- ration

pélﬂ?%f}%ﬁj lmggﬁﬁ? eagquyﬁg gpggo§§ 1mage "FH15HE Fdoed vith a

zooming coefficient of PixelSpacingc/ PixelSpacingb (formula 7). After
the processing as above, there is a corresponding registered diagnosis
image in a certain area of the B-mode ultrasound image and accordingly
the image registration is realized.

The human body is considered as a rigid subject when the locating
means 8 is used. The B-mode scanner, CT or MR are used to acquire the
images of this rigid subject. Because the coordinates, size and scale of

- B-mode ultrasound images are different from those of CT or MR images,
the transformations of coordinates, size and scale are needed. The offset is
got by the locating means.

As shown in Fig. 3A, the locating means 8 for image registration
mainly comprises positioning plate 801, treatment locating mark 802,
locating carriage 803, locating pillar 804, vacuum fix underlay 805,

treatment locking means 806 and binding strip 807 and seta buckle on the
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supposed to be set as a rectangle region (Z-coordinate
of all points in the sane inage are the sane), which
is determined hy x_ vy conponents of the 10 poi nR&/@3p05/001328

and Pb2. The coordinates Pc 1 and Pc2 of Pbl and Pb2
in the diagnosis inmage are calcul ated respectively
usbinding strip(nylé) agfdfbe,hdok &)d boup) &08: mul a 2) , then
the i mage. within the recta@gle regi on determ ned by

y conﬂ&?e]rﬂcétmem%nsl anased go ifix patient lilgra gigid StulbﬂaeCt In
I b, of d
Hikebnl éﬁqf BrEREIS] ORI Of FaFiEnbBeRy Ak Phgatageed but the

lgd hmqﬁst&{@g acqui red di agn03| s image shall be
ooms wth a zoom ng coefficient of Pixel Spacingc/
Pi xel Spaci ngb (formula 7). After the processing as

above, there is a correspondlng regi stered diagnosis
[ Imgse regiatrationai n area of the B-npde ul trasound i mage

and a rdlnl 0 the i.mage registration is
real i %@nﬁﬁ 399 ln@g&oﬁﬁl%}@tm as shopinginy Fig. 4. The

S 5 8 o e R

t lpis. 5i gi d subj ect. Because the coordi nates, size and
scal'e of B-node ultrasound images are different from
t hose Lafcatifiganebfis Bniaphsdes2thet pesitioainss plaret80anfooinstallation
coordinates, size and scale are needed. The offset is
gdﬂt%@qehlaetw?@atthﬁghmbrseqman@nbmduthe diggneis eqnipment; the

cIREHIAE PTROROR dnPlayel ot i dopet PhesRre af the asitigning plate
T8 sl SR B e
8Gmsitivhingnplang 8111r | theS@4caunel Si&t anderdky 803 dsE& bétween the

PCT/ CN2005/ 001328 binding strip (nylon agraffe, hook
admagp ppdgead ﬂWeN%EQNHQJPMﬁQdSﬂBSCdJQGdhﬁcpqﬂlblomlhl@ plate

C i dmeloSem B B3 L ffed taifetciining Ui hagjeantabgpsition of
URRe MAL TP hRgthh boBy il ShofeePacuim fix underlay 805 and the
body surface contacts to the vacuum fix underlay closely. After the
vacuum fix underlay 805 is vacuumized, it is shaped with rigidity and can
fix and locate the patient. One end of the binding strip 807 is fixed on the
positioning plate 801. The seta buckle at the other end of the binding strip
807 fast adheres together with the seta buckle of another binding strip.
Treatment locating mark 802 is used to determine the offset of the locating
means along the axial direction of human body (Z-coordinate) relative to
the treatment bed. It is located at the zero-position of locating coordinates
system. Treatment locking means 806 is used to fix the positioning plate
801 on the treatment bed 7 in order to avoid the movement of positioning

plate relative to treatment bed 7 during treatment.
For the vacuum fix underlay, refer to

http://www.topslane.com.cn/pro02-VFUc.html. The present invention

19



10

15

20

25

30

| mage registration The operation flow for inage
registration is shown in Fig. 4. The principle,

tion of |locating neans 8 2 P@I/CN2005/001328

illustrated in Fig. 5 10 Locating neans 8 includes

the positioning plate 801 for installation interface
betdepes thdhreatthen dpy uadeilpyrprodeced byd ogistegrediniternational, Inc. It
equi pnent; the locating. pillar 804 install.ed %n t he
up%?é?St%l}hPa%%eféfort er pRS@i‘ttl?Ib‘ﬁgngn‘g rep@sitEing othe Patlent with
determ

- MR, A RCvaeR S3lshiD i e ud OB SeaC LR periat
unpied k/ﬁ&’ulﬁgﬁ:u'éﬁﬁﬁl ﬁestdf?ﬁﬂd&h@rd]éaxﬁtmgsﬁ@% AN ﬁlﬁﬁe a patient

positioning plate and placed on t ositioning plate

8e nidld baxiht.i Whemi tharaiBGd the us@mmmukhhmnsrmkedneout the
hori zontal position of the mat. The human body |ies
orvaduany gushienfhardems graduallyosiapiiye: teethenbery sontons ©f patient

COERHR RS b B S5 il
BRI RERE GAAD, T I 2l BSRREL B wcamens

Pagchli2Atidi aRl (%1ﬁ8ﬁ}ngTBﬁ1 et énduredk lapdathet ﬁﬁleofé‘refocahzatlon
end of the binding strip 807 fast adheres together

wi drid positisaing bam bealarfeasedtdveas o miprayvesthd working efficiency.
Treatnment locating nark 802 is used to determ ne the

of Altgr bging mkqnoeat AHg thepyaguumy ﬁﬁgummlwi%papable of keeping

recti n _bod Z- N t
¢ PP P tongcime 859 nbfpf¥cdrolfri, b5 HE iR forms
Of oft PARRIN GixCAHM G LPhRGer GYRLEM coldiAbAE a}e tm?éﬂarﬂad in Fig. 3B
means 806 I's used to fix the positioning plate
t end FgaB3@&nt bed 7 in order to avoid the rmverrent of
positioning  plate relative to treatnent _bed 7 during

treat r?am posiipning plaie R isi desigrrd pasording éo the tre@@nent bed

or s SRR tRp “atpiRbo a8 She sk lirip PSiament in order

V%“‘éﬁ’sﬁfex tHE‘d%lo%Yh pﬁﬁ?éiPﬁﬂ)rP%NﬁHQﬁ! interference with the
International, In assi sts the operator for

pQﬁbtzementsgofamé uhemw ¢quipnteait ahd thatdiggiosid eduipmenty .
The vacuum cushion is filled up wth a speci al
granul ar materi al .

Installation and positioning of locating means 8 on the therapy equipment,
The pre-positioning is illustrated in Fig. 5. There is a hole designed at
the middle of the positioning plate 801 and also there is a corresponding
hole at the middle of the vacuum fix underlay so that the acoustic energy
emitted from the treatment applicator 10 can be transmitted into the human
body without any obstruction and a therapeutic focal point 12 is formed at
the diseased region of a patient. There is a matching groove on the lower
surface of the positioning plate 801 so as to ensure the matching with the
raised portion of the treatment bed for localization. After the positioning
plate 801 matches well with the treatment bed, the coordinates system of

the locating means is related to the coordinates system of therapy
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The vacuum cushion is soft under ordinary pressure so
as to nmake a patient 5 be nold easily. Wien the air in
the vacuum cushion is taken out, the vacuum cusPfiTgFiN2005/001328

har dens gradual |y adaptive to the body contour of

patient and after a few mnutes it becones a rigid
mdqhipmehy @dmpiondg the bdiiginspaf ixeaiid anahdrdieédtions of both the
contours. In this way, the accuracy of treatnent

| cosirdlinatgsorsystempedi tlpeating swanbe andsthethpghdequipment are
time for.localizagtiqn JO and positioning can be
aSEPeERSEe ahd ol 598 B it RERiErdircatian, pas an offet.
MRS dIRGRGD Aliehe Plld Ron tfd2- SR b (O AB6 AN ateS system
capabl e of keeping shaped Tor a long tinme an

anmel'-:|tlde1%p9léaﬁi$xﬂeﬂﬁﬂﬁou'grﬁft‘héﬂﬁd‘rﬁf@m forms of
vacuum fi x underlay under different conditions are

i | | ustlihet offsets Hi gnstdBingnnl X%i gy, zadiredttonTlaze the offsets of the

positioning plate 801 is designed according to the .
t rofrdinatespsystent afhdhe locatingnmeans eglgtive;uiopithet cegrdinates

5ol 00 R YR By oy ey o RESHIEH, s Olfbet x-0:

nqyﬁg@@%ys:(pfoffggtztfgrgpy equi prent and the diagnosis

equi pnernt. 20 installation and positioning of | ocating
means Aftemthenpodition By pae i8OIERt instalte@l ofi @hp apddtineit Hed, the
is illustrated in Fi g 5. There is a hole designed at

t vacahadfix waderlay 803iundesi naynpll statesidiplaned dinsthe pesitioning

B SBROLE e, ot Al 5 P8 A, B, he
| DScAE IR AR08 bR U B VBIG ShEpBhSy an he

t hecapatitiole fRC8drmkd Nllodd the fovaf@E pillark hgfted IBESEHE in the
region of a patient. There is a matching groove on the

| oAmenums fixf uederddy tihdalgars out.oAfieg the atasu8od fivo uadetlay 805 is
ensure t.he natchi n?‘SWi th the  r

ai sed portion of the
C PRFietls Thelh the,ofighh s PMAtedhoh ARG cyactnEn 0k tdeRRNand the

SR, PRONAR W argfb be' HEakl TR sbfEed iy g holes

t @ftthe R Tol andéeday FV50hnd IBE Pd¥iticting plate 801. Then, the
PCT/ CN2005/ 001328 equi prnent. Conmonly the origins of X

arbdngingnstripi 880t isonsedftoberdnly heindc thor doftavesuwsysfiznunderlay
Oftolgeot?lg} Ivstllgh rtTﬁg T)%tiggg AQS rtﬂgr){ tﬁg uaii}o rirrllert]ﬁe a\lzra(zuum fix underlay is
taken out by using a vacuum pump in order to finalize its shape. After the
shape is finalized, the operator uses B-mode ultrasound image to observe
the diseased part and make a judgment if this body position is reasonable.
If it is unreasonable, some air needs to be pumped into the vacuum fix
underlay until it becomes soft. Then the body position of the patient shall
be readjusted and the air in the vacuum fix underlay is taken out again
until the appropriate body position is found. After the appropriate body
position is determined, a matching mark shall be made on the human body

and the vacuum fix underlay by using a mark pen so as to facilitate the

checking and correction when repositioning. Then, the installation and
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superpositioned and only Z-coordinate in vertical
direction has an offset. This offset SP can be read

fromthe Z-coordinate of the coordinates system P@I/G1§2005/001328
the therapy equi pnent through the mark 802. The
offsets ininstalling in x, y, z-direction are the
of fesétien oéf tpatient @wor dheathesapy stquipment Hms| beed i figished. This
neans relative tqQ the coordi nates system of, the
thl@rcawg e BEPHFENHS ref@rre@ fasettpgatmept pre-popitinning x op; initial
sz{l %O Ofset2.z = SP. 10 After the positioning
| RS %’6 &s installed on the treatment bed, the
vacuumf r 3 nQy e
vacuu el e o P sHRRe " Winatale 48 BIARRY swip s
un@égdsay. BOen aliroufghstheivaeuum Siafunderhg islshapéd,ng still has some
pillars will be enw apped by the vacuum fi x underl ay
arﬂiam\fét}’ aodait mag 1gspEer afteptseaprriopnigte ldestmccat i Additionally,

Brv A iy Rdey JSi N Slofthol PRGETatS 1he patlent ‘can be
g IF%utt gﬂtythﬁgnﬁ?ﬁdé %‘S}lpﬁl ?ilxaﬁﬁ&lergﬁx mﬁm&ﬁc %&Hb{)’sﬁ&nent to

ay an ace aroun
t retshdps ot ‘1'ac*?1‘ﬁnﬁ|ﬂxgﬁﬁdeﬂhi hThée the lvﬁéuurﬁfﬁk hﬁld\éﬂﬁqutaken
fix underl ay 805 and the positioning plate 801. Then,

t hevapifnatnthes posipioddr7g ipdatesfut saviageaid thé itde¢chédrodofshall be
vacuum fi x underl ay 20 together with the patient. And

t HEAINTRigCd) in ArclopRd sisugmF maklyu Hife PPaijianing (pinten8@litis taken

Va n order to finalize its shape.
atvgiy ?I%g?ﬂ%ﬁ‘ﬁgﬂq?g&r?#al i zed, the operator uses
B- node a ses
5. rode, THehBLlFRARCAR, 9IS 85Blcd Ao BARER Bdsitoncd
r easthreadiagnosikfequipthenunr easonabl e, some air needs to

be punped into the vacuum fix 25 underlay until it
becomes soft. Then the body position of the pati ent

s AR GRRRn okt micheh SRR BiaEnar equipment
bgﬁggﬂgﬁgtﬁo 1d1ﬁn%fund After the appropriate body

lon is eter ned, a matching mark shall be made

on t hdheupatichodind ahd Ldvatingc tivanki Arelbdengley tbygether to the
using a mark pen so as to facilitate the 30 checking

- arfxagynpden wennh Birstlypths ppemqngngmietf: 80heis installed on the

| ndslgglllcl)sa}g eaﬂlp%]gnt c:)Lr Eyg%ﬁg %fﬁ/ or é:li ?ts installation is simple and

the positioning plate 801 is directly placed on the diagnosis equipment and
the positioning plate shall be kept parallel to the diagnosis equipment
without any incline. There is no need of locking between the positioning
plate 801 and the examination bed and the friction between the positioning
plate and the examination bed can enough ensure no movement of the
positioning plate relative to the examination bed during the checking. Then,
the shaped vacuum fix underlay 805 is placed on the positioning plate 801
and the locating hole of the vacuum fix underlay shall match with the
locating pillar 804 on the positioning plate. Then, the patient is put into the

vacuum fix underlay and the matching marks on the human body and the
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position of patient on the therapy equi pmrent has been
finished. This locating process is referred as

treatnent pre-positioning or initial positioni NRET/CN2005/001328
After the initial positioning is conpleted, the

binding strip is 5 released. Even through the vacuum

f ivacunniefik ayndieslaytshptiche checkieid darbfidlys dirallgithes bimdihy strip is
and it can recover after its appropriate distortjon.
AdGPRY i tenbindy the vasuwmcfignundsrlap gath dhe ihyyman thadyyin order to
closed. Therefore, the patient can be taken out

eé’g"@a‘?}f ﬁ?lflﬂg' vacuum fi x underlay without

derm' | .. A i3 .
Ton PRLVERE iy i SRR b R o Pcen i
posithié s¢inidnPlcan defpurfeavédbyahe opbfatbt Gﬁdia’%'ogissé'tﬂiibment.
be maintained in a closed status. Finally the _

posi t Adtarnthepexamimgoion bas dicen campletéd,othet bimding strip 807 is
treatment bed, Then, the |ocating.nmeans 8 is installed
argleased and dhe patiqisis itake ownfiome theayasuym fix underlay.

e%iemﬂﬁ%,h éﬁse 3 .Iog%}eﬂlol‘ 2(§fe E}Ec? ?E&{FO%?% %:qgg;i?,{ggﬁltgfrecloorﬁgttihre]:gimage

means on I'agnosl

PQatd itonCDO¥or N8tePHoh£8Y aRBRsidandOGAlA D SrdiBReRAt Pi%n and for
brought together to the exdmnation room Firstly the

pasakingprepanatiahe f6OB-modendtrabdbwed dmagé eegisfiation.

di agnosi s_equi pnent, for_ exanple, MR or CT. Its )

i nst alhgtPHeeisok thgreordinates syptem wfghe gcpling engms relative

[ trectly. placed on t di_ agnosi s_equi nt and .the .

o b SR A Rt bF 5o BRRS S eAT T B ablfminea
di,agngsi ' t ' t PN aTol I Ther & i :
1RGN DISOTER! ) b4 SR ol L pepOF Bighfod jmase

t belaeivantonahe atodidihaaed siybgent rof locine &R i eletermined as
positioning 25 plate and the exam nation bed can

e®§lY¥- ensure no novenent of the positioning plate
(el 2e GRS SRMARCH, Bed ALipR e check g
(he DI AR Shphbe 800 iR SHEIN iy ey, T
PilddaringBQdrrivpel BO3 MRS hi 0dshlord aidtker NEAch tisrkRAtHa8MA fixed
IS put into the 30 vacuum fi x underlay and the
meperdingten®skin dhe t¢nordinmes Isystenanef the locating means. These
markers have a gray scale different from the tissue of human body in the
diagnosis image. They are displayed as a bright point or a dark point on
the image. For example, the marker in the CT imaging may be a metal, for
example, iron and it is a bright point on the CT image. Through
identification, these marks can be circled on the images displayed on the
computer by the software automatically or by the operator manually using
a mouse. The software can calculate the coordinates Pcs of these markers
in the image according to the position of a mouse, so
Offsetl.x = Ps.x - Pcs.x * Pixelspacingc.x
Offsetl.y = Ps.y -Pcs.y * Pixelspacingc.y

Offsetl.z= Ps.z -Pcs.z * Pixelspacingc.z (Formula 7)
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22 PCT/ CN2005/ 001328 vacuum fix underlay shall be
checked carefully. Finally the binding strip is used

to hind the vacuum fix underl ay with the human hF,QjI{J/,CI‘ﬂZ,q05/001328

order to avoid any shaking. After the positioning of
di agnosi s and exam nation has been finished, 5 the
scanni ng can be perfornmed by the operator of diagnosis

equi pnent. After .the exam nation has,k been conpl eted,
t hEopitioaming whep; treaiment szeat@&%aogﬁl@nm@ patient is

t aken from the vacuum fix underl| ay. L

the ogQHisrahe b Tige STt Myt ROHIRBARNE pItE Al fied on the
| REAmIR! Beld0 £D T bptSkidnIRRréNaky Skife 288mkNidsl &hat  of
treatnment plan and for " 10 maki ng preparations for
B-predgositibnimpouhite istraped neguahr §ix anderlag &9 sietplaoéd on the
the coordinates systemof the |ocati n&pmeans relative

t Pasiborivgrplaa8@k and dhedoertingkolerndr tigyvasyunp fxnendestay 805
ot e ifneporing aiwafld prapdpofbiching tts §04e Then,
9B ARk SEaCARUPT, For FRGERY HIOWHRE g 5, SALE LR duipment

| devlelr§ k@ vailum TR undedlaly"&D 5 ahdith82oReR dpenasf GikOR4dter seal
on the locating neans. The |ocating carriage 803 has
atclbtmdi isrfexadhondhe bEms ofth& evatendag ihiordddr to seal the water.
coordinate Ps in _the . coordinates systemao

f th
" OBl MrienBeal SOt bLAS S5 EHOPLY 1665 ban g} byane dhick, therefore,

diaH he e!clr m(gth tiglseuee ) b % {n s ce the treatment
di agne8i°Le; egre. e?/' aré %l& dv 88}%{} pglrﬂ'
Orrefatf@ ko P Rkafiinatidie 'ogﬁﬂﬁtingp'l'hﬁii,afﬂé atiERCidBxk8 on the
in the CT imaging nay be a netal, for exanple, iron

-andcoum $ixaubndeghy 805 ahdothet watecTséalagoth Thr andjithe matching

i dentification, these narks can be circled on the

| FRAES @nsfhayraticsh anb ths vampur efixpyndedax othalhrke checked

TS S T TR M

BTGy 2 408 HFROAISEARR I 90| e, When

Pitredtaeaci pegitizning is performed, the installation of locating means

- sometimes is different from that in pre-positioning, therefore, the Offset2
is subject to the results of this positioning operation.

The locating means ensures that the spatial position change is only
the horizontal movement without any rotation. This makes the registration
of diagnosis image and B-mode ultrasound image simpler. It doesn't need
complex image arithmetic. It is a registration depending on mechanical
assurance with a high reliability.

Normally, it is very complicated to realize image registration. The
normal registration method includes the following steps: feature extraction,
feature matching, transformation option and parameters: determination and

implementing whole transformation. Each step needs a lot of

manipulations and operations. Taking feature extraction as an example,
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Ofsetl.y Ps.y - Pcs.y * Pixel spacingc.y 30
O fsetl.z Ps.z - Pcs.z * Pixelspacingc.z (Formula 7)

23 PCT/CN2005/ 001328 Pasitioning when treat ment PCT/CN2005/001328
(Treatnment positioning) Referring to Fig. 5, firstly
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or Been thouglatherb arevaome kindbof saftavare fat autamatid tegistration at

thin and only less than 0. 1lnm{ hjck, therefore, .
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in t rel at.i ve tq,t exam pation.
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mat chi ng 15 marks on the patient ahd the vacuum fi X
unpestaty shek! iDene haafkwdre cfarebutdyatidi reglistyatidre of B-mode
bi nding strip 807 is used to bind the patient, the
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t ther. W th tr.eat f positioni i'S ...
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ensures that the spatial position change is only the
hotegigmtion age eeryrimple Moth thengrithaetic anabaye desaridas.

the registration of diagnosis i e and B-no .

ul't 1 2 CSTHIR Biele (o1 Sepfts ChaTEea SR TRanody Lrlp o8 the physical

i it hoet s t,d i ho perd]

SR Eifrk hd 1 IO BP0 et when

Noini@dihyg . is i difflefentefrymC e whén ekatehgal litige ideRiRion of above

registration. The normal registration nmethod includes

t hmentiphediimpgesepehich fallyr eelyxen ave¢¢hamical registration, may be
caused. Therefore, during the scanning of B-mode scanner on the therapy
equipment, the breath of patient requires to be restrained and normally the
scanning is carrying out when the inspiration finishes or exhalation
finishes. Because the patient cannot have breath during scanning, the
scanning has to be completed in a relatively short time. This kind of
deviation may be detected through comparing the organ with an obvious

mark in both images and then can be corrected by software functions for

accurate registration.

Image fusion

After the images are registered, we can use the computer technology
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feature matching, transformati on option and paraneters
determ nation and inplenenting whole transfornmation.

Each step needs a lot of 30 manipulations and PCT/CN2005/001328

operations. Taking feature extraction as an exanpl e,

24 PCT/ CN2005/ 001328 when the sanme marker, for
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4. Spacing choice: The pixels spacing one or several pixels in the
first image are replaced with the pixels with corresponding coordinates in
the second image and a new image is gained.

One or several methods can be selected for image fusion according to

actual applications.

Treatment method after image registration:
If the tumor is small and there is no critical tissue around it, 3-D
treatment plan may not be used. The operator can determine the target area

to be treated according to the registered or fused images and apply
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mark in both inmages and then can be corrected by
software functions for accurate registration. |nmage
fusion 30 After the inages are registered we caffCT/(¥005/001328

the conputer technology 25 PCT/CN2005/001328 to fuse

B- node ul trasound i mage and ot her di agnosis inmage and

t cappireptiate ddssofor megement aecardineg poexperfencebn this

way, on the fused, B-node ultrasound inage we can

cI ear |1§her Fegasterad i tfmag@t jssusgd tor detarrpine th target pred o be treated.
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easTiee opafdtér tcanafiestr déteintirn thd ddigetlar e 1o It treated in
turmr border and the target area to be treated and to

pddimode alltrewmuhnnegamdech@&t theetargetaareanin themeegistered CT

fusi on is ong Kind of the conputer inmage
pr‘Hl?&:?s& Refd)s' Smeiiisrehcsatann E@ theasment raarhygarried out

andq’ #a@ﬁ%@ha&@%@%m%h?eﬁﬁoonﬁl 3 éatrgc\?/ﬂeg%a%q @%dtrggt%ﬁ may be

e are soneg

efcfe%xtmiﬁ%d pRithedegateredl OV iMagdah8GhedwhRe: th-EV‘@rea may be
i mages are superp03|t| oned transparently and

salibplayed i tipd ayal-titren8-modef ultrasoundgiraage. eThe operator can
controlled; 15 2. Col or conmponents super 03|t|on
methies i thesanget ares tor b tregiad: inthe - rzarsonad lmg@elf there

F 7 A, Mifrat e Rounh pEd ﬁmgepﬁfyap&?"”e%f?w e ppropriate

st tthis way, the superpositioned image is a
co@g an‘}ghl mage; 3. The imge generated by the second

method is transforned into a 20 gray imge; and 4.
Spaci ng choi ce: The pixel s spacing one or sever al
pi XdP dreafmenteplan; onsthe bagie obimage pmétaratmmom fupion

P X Syheh "R RS 5258 "B ol 65 biagaosis

MEdfifPthen®d) DS Hseeue s MIRT HRYC e ThebkiAeC HhdEdY Hale been
gained, then we can use these checking images to perform image
segmentation and three-dimensional reconstruction. On the basis of
three-dimensional reconstruction, the tumor border, the tissue in the
“acoustic pathway and the critical organs are analyzed and the treatment
path and therapeutic dose are determined in conjunction of ultrasound
therapy experts database. And then a comprehensive treatment plan is
‘made.

After the image registration, the treatment plan made as above is
transformed into the coordinates system of the therapy equipment by use
of registration relationship. And a simulation treatment is carried out in
3-D simulated therapy equipment in order to check the reasonability of
treatment plan and to evaluate or modify the treatment plan. After the

simulation treatment is passed, the treatment plan is sent to the treatment
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in the B-node ultrasound image. If there 1is any
dieikteptemc thef folloaying ledaitrscaf thkninveatione carri ed out
after appropriate adjustnent. 15 3-D treatnment plan
on the basis of image registration or fusion Wen the
pati ent has finished the exam nations by diagnosis
equi pnents, such as CT or MRl and the checking i mages
have been gained, then we can use these checking
i mges to performinmage segnentation and
t hr ee- di nensi onal reconstruction.. On the basis of 20
t hr ee- di nensi onal reconstruction, the tunor border,
the tissue in the acoustic pathway and the critical
organs are anal yzed and the treatnment path and
t herapeutic dose are determ ned in conjunction of
ul trasound therapy experts database. And then a
conprehensive treatnment plan is nade.
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made as above is transforned into the coordi nates
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registration relationship. And a sinul ation treatnent
is carried out in 3-D sinulated therapy equi pnent in
order to check the reasonallaimg of treatnent plan
and to evaluate or nodify the treatnment plan. After
the 30 sinmulation treatnment is passed, the treatnent

plan i S Q‘IP to trea(gi nt 27 PCT/ CN2005/ 001328

bont rol- Sapgtsedriiiraspind thrapy S5t ONPESAE B node
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3-Dvirtual treatnent noniforing. 5 The technicians .

skpdihtand antihterface devyce fwi inputtinke and oatputsinghaferesation to or
and i npr.ovenents of the enbodi nents descri bed as above
orfremntajd thergprsystemiel ds. This invention includes all

ki nds of enbodi nents and appljications, . Even through

this i fvellt Pemusr Srieey apBhalerctos dhtyipe e SBUp aypreset
erncti iR dnd FORARIECK hdrhfeRtfORSaPholfte i nvention is

not tTo be restricted, 10 except by the foll ow ng

cl ai nmsc.ofa hfdchanivabdrivimg an8 18Cd1iAN2OENSOLSNE acOustio®nergy
1. A focused ultrasound therapy system conprising: a.

a apphicat0r tenmoylingrghe sdeatection mrobe | fongmaging sacsoeding to the
and incl.udsimr%]gg a neans to cont L. | acoustic.ener

r dR§EUCHn IR TR 510 ARAUSHIS oEaiTeY sapRliston Hy lgpate said
i qbgfafygﬁﬁcqggélc&oiﬁpr i nputting and out putting
i nfor

tiron to or ’fromsaid therapy system b. an

acoustdc £raldimePrdRrt dlirads6indRilagt Phiding &NEEYYor &anning
a Ereset target area and form ng a therapeutic focal
pd

At target arpacigeneratinglriea]-tigneand-modet uHrpserads images and
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control means in real-time so as to make the operator locate the diseased
part and apply acoustic energy to it according to said images;

wherein, said focused ultrasound therapy system further comprises

an immobilization means for body position. By the help of this

immobilization means for body position, said real-time B-mode ultrasound

images can be registered with one diagnosis image (or called as

“registration”), and then on the basis of registration, said B-mode

ultrasound images are fused with said diagnosis images for guiding said

therapy.

2. The system as claimed in claim 1 wherein said diagnosis images
are selected from CT image, MRI image, SPECT image, PET image or the

registered and fused images by above-mentioned images.

3. The system as claimed in claim 2 wherein said guided therapy is
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appllcator to | ocate said therapeutlc focal p0|nt/ d}

scannlng the target area generatlng reaI-tlne B- node
ultrasound i mages and 15 transferring the generated
B-the dkeenapy rveid trecitinenyplant madeintaromibkty: al control neans
inreal-time so as to nake the operator |ocate the

sl el e i U v
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|nnnb| I'zation ans 03| I on.
t R§ Sproféctbdmiebitd ¥@élLﬁﬂ1e”Baﬂ§odE0ﬁlt%@)AnBOﬁhigé%nfoﬁ%ékmg an
real-tlne B- node ul trasound i mages can be regi stered
wiauhomaticdieagmest plammage (or called as
"registration"), and then on the basis of
regi stration, said B-node wultrasound imges are fused
with said diagnosis images for guiding said therapy.
25 2. The systemas clained in claim1l wherein said
di agnosis images are selected from CT i nage, M
i mge, SPECT inmage, PET image or the registered and
fused i mages by above-nentioned i mages. 3. The system
~as clainmed in claim2 wherein said guided therapy is
29 PCT/ CN2005/ 001328 the therapy with treatnment plan
made manual ly. 4. The systemas clained in claim?2
wherein the 3-D treatnment plan can be nmade using the
sai d diagnosis images and said 3-D treatnent plan is
projected to the real-tine B-node ultrasound i nages
for making an 5 automatic treatnment plan. 30
PCT/ CN2005/ 001328 5. The systemas clained.in claim?2
wherein the 3-D treatnent plan can be nade using the
real -time acquired B-node ultrasound i mages and said
3-D treatnment plan is projected to said diagnosis
i-mages for
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nodi fyi ng and adj usting and the automatic treat rrent 'S

carried out 5 according to said adjusted plan. The
L d_aui HQHPCT/CN2005/001328

or—oroof

therapy is the automatic treatnment with a 3-D

treatnment plan. 7. The systemas clained in any of
clainms_2-6 wherein further uses B-node ultrasound

noni t o$ i rBlQ @ysém aragleimpg in edeiapuvheredn the 8<Djtreatment plan

real -
can be made usmg the real- t1me acquired B-mode ultrasound images and

said 3-D treatment plan is projected to said diagnosis images for
modifying and adjusting and the automatic treatment is carried out

according to said adjusted plan.

6. The system as claimed in claim 2 wherein said guided therapy is

the automatic treatment with a 3-D treatment plan.

7. The system as claimed in any of claims 2-6 wherein further uses
B-mode ultrasound monitoring to evaluate the therapeutic effects in

real-time.
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