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PCT/ Cm“wmmwwum MRl gui ded ul trasound t herapy

appar at u&lsgﬁBELD CF THE | NVENTI C]\I The present

5 and rmre speC|f| caIIy, to a I\/RI gU| ded

hi gh-i nt ensi focused ultrasound (H FU) therapy
appar at us. cgoidedos] s o wrdNth exa piyga pparatils y
focused ultrasound (H FU) therapy is a non-invasive
10 and non-traumatic approach. It is particularly
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iandi maté epecificallydeo la MRI galdedr hlgthhﬁeﬁﬁfyC ﬁ(ﬁﬁ&lsed ultrasound
breast cancer, pancreas cancer, kidney cancer, soft

t(HdELUB therapry apprpleisvi ¢ 15 tunor. Most of the

exi sting H FU therapy use B-nopde ul trasound i mgi ng
device to locate the region of the subject and to

nERADUR UM MASHT. . St o

20 as t erapeuti c ultrasound servin e tissue

Nt hoaHgadhhet approfich.nitaspdriichelis agplied tashynshtients with
(H FU) exposures according to gray scale changes of

tum@onsnﬁ‘gﬁepamg topthepden vigntions lsnogermger ichemityerapy, HIFU

ane n:age th a certain angle a nnqt conpl etely
egﬂ)@?) heepatisfeless SEans engh ﬂw&ﬁ% rﬁs}tsaﬁap%atms have

e -
bre@st E@r&!e‘i’ng%ck% cﬁﬁé’éxe‘k‘idné;;)’ €£héé?°§'8ﬁ tidiGe Iuhor and pelvic

ultrasound Systemis uséd the visible area is stil

funmoit. ed. Besi des, the ul trasound image is limted on

the depth of observation and it al mpst cannot di spl ay
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Adoption of B-mode ultrasound imaging device has the following

cost, HighlidiGty Fdised ’ul{}ﬁﬁuﬁﬁl Eﬁ?%@?@ﬁeﬁgwﬁta' Fo@hihsive

advantages: low cost, real time imaging, having the same acoustic path
as the therapeutic ultrasound, observing the tissue necrosis after
high-intensity focused ultrasound (HIFU) exposures according to gray
scale changes of the images. But, B-mode ultrasound image is only a
plane image with a certain angle and cannot completely display the
relative tissue relationships and solid structure of the region of the
subject to be treated, therapeutic acoustic path and the area behind the
region of the subject. Even though the 3-D ultrasound system is used,
the visible area is still limited. Besides, the ultrasound image is limited
on the depth of observation and it almost cannot display the tissue
behind the bone because the bone influences the image greatly. The

serious noises on the images exist during monitoring treatment. Further,
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1 PCT/ CN2005/ 001366 ul trasound i mages have poor

capacity to identify the tissue boundary and
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tunors and deep-bedded tunors. Nucl ear Magnetic
Resonance Imaging (NVRI) is an inportant 5

afraiscand dmzig\esbhaVog:meI capatitedoculentifyl the. tissuddsoumdary
short nane_of (Magnet i c. Resonance | magi ng
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sends weak radi o-frequency signals, which refer to

nucMeanetivaBasoian ceebmagitg singnalse. rdfers g Naclear Magnetic
process, the_ap groprlate radients are applied to the

n%@?@tqn,cef.@ﬁd( ) lﬂmﬁhorhl Oﬁe&;ﬂmputer f@geam)s.%wsmple
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dhiidlef entrelgios W il siibjerbsiret exdlied rblygtucﬁb frB&gu 3’T§ignals
ti ssue and tunor tissue and to determ ne the boun

odnd usends | wsak. ridfo-frequedey shmadld, vwhinte oden tof auclear
subj ect. and a part of human body or full body can be
i Bageatict Ketiacs wrgnals. vBuging; Eham Proesss o%hﬁ—‘t .fﬁg)mprlate

:)Ergarﬁlh‘f éoan@[féﬁﬂ}egq & th‘%gé‘té%gcf? Fﬁ)téjzd DYenf F%et {magnetic
thgofeN&d Oﬁgﬁﬁfs Q:fanMﬂe ta%ﬁﬁﬁ@do%leétf\?elgx"ﬁﬁé nﬂlfP{ﬁhatlon is

equi pment already can gain the inages o e tissue
reacetseto waireduetis@le therdctadstics of kaek-pdineasd dﬁﬁher the
image with a certain volune. Therefore, MRl provides
aTnSSébCC@m batimagelni cal solution in nonitoring the

treat agnetlc Resonance Imaging (MRI) has great ability to identify

different tissue and is easy to distinguish the normal tissue and tumor
tissue and to determine the boundary of tumor tissue. MRI provides the
volume data of a subject and a part of human body or full body can be
imaged, therefore MRI is very suitable for locating the region of the
subject to be treated by HIFU and planning HIFU surgical procedures.
Meanwhile, with the development of MRI technology, the existing MRI
equipment already can gain the images of the tissue in real-time, moreover
the image is three-dimensional image with a certain volume. Therefore,
MRI provides an excellent technical solution in monitoring the treatment
procedures in real-time. Particularly, the temperature image provides a
noninvasive temperature measuring method expected by the thermal
therapy and has very important significance in controlling HIFU

therapeutic dose, treating the region of the subject in time and controlling
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procedures in real-tinme. Particularly, the tenperature

i mage provides a noninvasive tenperature neasurin
. . A e PCTEN2005/001366
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t herapeutic dose, treating the region of the subject
itheteingegyand controlling 2 PCT/ CN2005/ 001366 the
energy. In this art, it has been di scovered that the
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ardinpsouhé wagg tnthd redien nfithecubject malt mdnwior tbattemperature
destroying the surroundin normal tissue. The
caddsther tigpue éIrUél%ﬂ-ﬂFdeptwntt@ ag o ensure that only

e A T e
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ocused ultrasound therapy system Running o

sysheiidmaskilrRe i@ thes aady strong magnetic field. In

order to ensure the intensity and 15 steadiness of the

magnedi cpfdsenti, thar major aptopléwr farr el MRV egyidsdogdttasound
gneti c field, when the ultrasound transdu%@r 'S

38 FaRYe PP af e foGgitethieci it P EEN GenbetyfRemea AR [jsygtem and a
chani c tion locating neapns is |im,ted greatly. .

REPRE KirptBl @ Pp @5 196 BF g, SEIRIRT W8GR febuires o

emakheady fiRIdeqdnt 8r@&OUtbdenSEE the! HitkR

%E%ypzsgre%gg’Pa?gngﬁﬁbﬁ%(ggggwrdi scl osgs a therargs Sty and

sysidinesondti tiesl magRlic Withl, apatiduladgufier taheekapiwely closed

equi prent. This system enploys MR to determ ne the

|megneton Geld sy ther sdtrgsownl travsduaes patopaietdds in the

?rgégg%tgg&yglrd?%te hsepargggpoert its rIlleclgniggl mtiggqogggrqg means is

limited greatly. In the field of this art, for this problem, some patents
have already aimed to provide some solutions.

Japanese Patent No. 3322649 discloses a therapy system combined
a MRI with an ultrasound therapy equipment. This system employs MRI
to determine the location of a tumor firstly, and then the patient is
moved out from the magnetic field of MRI and then treated by
ultrasound. This kind of treatment needs repeated moving of patient and
needs location for many times. The locating system is complex and a
long time is needed to make locations. Furthermore, the real-time
monitoring and on-line monitoring during the treatment are difficult to
be realized.

US Pat. No. 5275165 “Magnetic resonance guided ultrasound

therapy system with inclined track to move transducers in a small
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ultrasound. This kind of treatnent needs repeated
nmoving of patient and 25 needs |ocation for nany

i's ﬁéeded to ﬁ;ke Ioéafiéns. Fﬁftﬁefhnfe, fhe )
real -tinme nonitoring and on-line nonitoring during
twesticabapasait peoadds faf MR sutgery sy steaa) whech fad$likdes surgery
No, 5275165 "Magneti ¢ resonance gui ded ultrasound 30
tEh abfoeysedenitigsornd deansdager thatksalectivgly desiiaygdtsug in a
in a small. 3 PCT/.CN2 /001366,vertical ,space .
R ehricRIching Gy oL B O HSC i ifopaR | RAftdeer focalizes
Y. i l r
Ssééfegg%;.at I‘ogalel R Sethid fHe@?@%Bﬂrégﬂfk%gH% bk "@stroyed. A

ively destroys tissue in ion within a
sidi-atdgnefioe niodng egositiohas udelité angdrgen Veanlal z&inension
energy at a focal point wwthin the region of tissue to
beodementgethll Anbugbrtonfigreasily withimghedsirei ofiianyIRI magnet
devi ce having a vertical dipensign npvenent smal |
eHbYRghan ot ltrapound  energy tappicater nera lonitad vrertisalyspace. The

drives .an Itrasounij energr arﬁll [ gabo(i [ 2 alimted d
RSN gs BR¥isC” ReTovs, & PIBAITRG ofelydaulicopgsitiogers and an
Hheﬁﬂé& gl/ari%f tyNiabhithe B‘Pt?éstdu‘i’l'agfo%aﬁgﬁirﬁmnd'ep?lllé E@ﬁitrﬂl of an
pllane t0 position the ultrasound foc pol nt under the
Copvraer. Af MR dtepedmp WyingdaVRn peysueds €igitiO¥ ipidsedsequence
tenperature sensitive pulse sequence creates an inage
afreatiee an smage aofdthehéisswyiand thei regidme dtednig theatdd tovalloev the
operator to,adjust the pg?titi on  of the ultrasonic

tgpgRaten deradigstathe Bogfiraef the wlitrasenic trapadeserisy ando direct
aLgErr o$r.i ate Io?a ion.  US Pat o Ng 5443068 " Mechani cal

PO YS ST BY O HynARRTOPTIAC Jocalieth oo gui ded

ul tr aggunplyd Ny @PY5443089 a*MechiafifdadS $osftioner %)r magnetic
non- magneti c positioning device of an ultrasoun
aseogynceppl gudidedr , uMrastund s tipeapyed wirhilaryt helibcdoees a
of a MRI nmmgnet. The purpose of this invention is to
pravitengtisipgsitioniag deydce pbapultraspuwnd energyapplisgtor, which

1t e IR AT e 5 B By aReim s o5t of s invention
g?trtng lrpg?i/igg{ae%ipgplﬁ)ﬁéd E)bg’i'?fol?lgr,r@ﬁ% i'ssop?e\fgfe‘ae\githg ﬁleermagnetic
filed. And also the interference to the magnetic field of MRI system due to
the material of the positioning means is avoided. Other similar patents
include US Pat. No. 5275165 “Magnetic resonance guided ultrasound
therapy system with inclined track to move transducers in a small
vertical space” and etc.

The solutions described in the US patents as above mentioned are
to place an ultrasound therapy transducer and positioning means within
the static magnetic field of MRI system. The positioning means move
the therapy transducer and the focal points of the transducer are used to
expose the tumor and therefore the treatment on diseases and the

monitoring in real-time have been achieved. The means to solve the

technical problem is mainly aimed at the non-magnetic designs of
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include US Pat. No. 5275165 "Magnetic resonance gui ded
ul trasound therapy systemw th i ncI | ned track to nove

soI utions descrl bed in the us patents as above
mentioned are 25 to place an ultrasound therapy
ttharsgpdudeansthteposndi tiné nposTHi@ansngi titians thd stiaiingzing the
ﬁ'ﬁﬁnetl c field of MRl system The positioning means
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to'sol ve the O tech‘nl caF~i problemis mai n?cy al ne

the enahe MegiEWi g deéRiadnanefges4 PCTRENMARCSARO1BBfhIy required

therapy transducer and the positioning neans and

mam-magnegict Hesignol amk tofateat pusithe dherapyreansdaner and its

the _qgperation space for it as far as, possible to neet

tmé1wgnmgwgle@eautheet%hﬂscaéfctheés%tﬁwﬁlee%%tga,re increased; 2)

icator wthin M netic fi se technic

IR g B alsiito Mt imedne nee dSeabivisn it ESmiaplhiectiera, the
85@191%%%5 hbﬁhhMrELs%‘ﬂler &flan e?a%‘etigﬁ.t@dasktgﬂﬁly and

and treatnent”on the therapy transducer an

rmisutelrmireQheqarzgﬁrlma@sltﬁtfbaum ubeaquad distapPendedsta very
are | ncreased; Because t he pOSI tioni ng neans are

Imca'tsedlonjatitmignsyﬁemgdethecpbseiqnmghmeanm\nefnﬁret realntperapy
of ultrasound transducer is limted strlct y ang,lo .
fASRYPBCREr 1 tHEnigag ARRHGAanSy arecuserl Ly targgodhls technical

d |
DSIBPY RS She8 SR BIAHLEE BRSPS R and
oI R 3 O BRcRlfe HAUYarY of HdEondiRSr used to supply

qupw @imen tth eararf saiticer iindoamed withial magptiicdi¢ldnshe Ihagnetic
Because one part of the conductor used to supply 15
dosldrprosluckd by theswigcking euireshfloay af the ﬁondgnexru\wll bring a

Qlr BT TPTee MHEL suHatt SR 5 et Hye o Bagnetic signals
'4'1} qtffrd?ﬁ?&lt ?o %&f&ﬁ%@@sté’iﬁ'rﬁgnhﬁ 8ﬁ@15a'tfdn\§efotr an operator
and also it is mconvement for an operator to make clinical observations.

Chinese Pat. No. 98805359.4 “MRI guided therapeutic equipment
and method” discloses a new type of MRI equipment. The static
magnetic field (main magnetic field) of this MRI equipment is different
from the closed or half-closed static magnetic field adopted by
conventional MRI equipments. Its technical core is to provide a
superconductive single-sided magnetic field. Therefore it is an open
magnetic field in a big scale and it has some advantages for movement
of therapeutic equipment and it can solve the problems encountered by
the US patents as above mentioned.

But, the technical solutions for designs of this magnetic field still

have some unsatisfactory points: 1) Weak magnetic field intensity and
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4) It is difficult to perform assistant manual

operations for an operator and also it is
. : i pal  PCT/CN2005/001366

observations. 20 Chinese Pat. No. 98805359.4 "MR

gui ded therapeutic equi prent and nethod"” discloses a
neevieppmaghehlRl lisqudistrebatiom hafbteaces theaigmagd qualiey.dUnder
(main magnetic field) of this M Squi,prrent I.S. .
Aot el ther {iHs {ofe tp g SoforHpad df as ey diffigult to realize

T S MRS e DTN Mol e et
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hasosaie: aﬂmgmg%%ﬁryr sevyaledintimétdrbeRdPBelcatse the more
equi pnent and it can solve the probl ens encountered by

tdvan ple xp supeteormbucdbey depbnoiogyeds Beeded hto tbee haprlacd, the
solutjons fqr designs of this nmagnetic field still 30, .
HaRP XAy ahdhe ieguapmeny ipdiigh and it igeusryndfisulcto put it in

field i ' d 5 PCT/ 005/.001366,.

aghler g Relsls PP ecimects PRrs daHULS SPRULARI echnology for
qﬁﬂgglyi. dyer low field, the time for imaging is

| ong nglt Is very difficult to realize the

real - Therefor@giings agxebddied t @ Mgoaidy & MRIUguided Werasound
effective magnetic resonance volune, i.e. magnetic
fthetapyasaisteab) evhioh hagnat redagvelbsdaancost gl rig ¢asy to be

Snsknishanet | ToEURD oy U BRIt oFBUApsn G, ocused
OGRS e TP el B ol g o
UulFhelr Qi o9e 8Bb WithaBlRth€ %Qk&ytﬁﬁﬁﬂ%rg&y tﬁ@[reahg'gﬁta time.

equi pnment. 10 Therefore, it Is expected to provi
MRl guided ultrasound therapy system which has a
rel ati Veléfl ow cost _and is easy to be operated and

yIHE BNWVEXVONor hi gh-intensity focused

L oo Rl AP g AR 2P

saf et #nangn2erdrethe! v ddifif 781 dtifffe the existed mature MRI
system with a relatively low cost in conjunction with the existing
ultrasound therapy equipment. The interference from ultrasound therapy
equipment to MRI shall be minimized as far as possible and the
ultrasound therapy guided by MRI can be realized.

A further object of the invention is to provide a MRI guided
ultrasound therapy apparatus particularly suitable for performing
high-intensity focused ultrasound therapy.

Another object of the invention is to use an open flexible container
in a MRI guided ultrasound therapy apparatus to couple the ultrasound
energy applicator to the patient to be treated so as to further ensure the
safety and ideal therapeutic effects of high-intensity focused ultrasound

therapy.
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— invention is to utilize the existed mature MR

15 SUMVARY OF THE | NVENTI ON Obj ect and techni cal

sol utions of the present invention One object of the
PCH/N29/001366

with a relatively |l ow cost in conjunction with the

exi sting 20 ultrasound therapy equi pnent. The

i nt erAteenthe intenfentncagoobtemhduapgy dRI prsedt it colfiinction
shall be mnimzed as far _ as_possi bl e and the

uvithagodrightingsnmly gocysed byltimoussh theramyalsystam has been

AYEE 2Rl Shifdthet gﬁ%r‘%‘a‘éﬁ;l'gﬁuis" S MR) System 1o
Sﬁt‘aﬂp' tnd Ofn G AOH hd E‘ﬂb%‘ 'd'i‘%?ﬁ‘ﬁ%&ﬂorﬁo P&@e@sm% and

rasound t erapy. Ano | ect e 1 nvention

t;ﬁ:dd)‘iemﬁgﬂyQﬂeMRIQﬁbhit@rﬁfgnirﬂtd’hﬂftlmlerhlﬁi MR ubrdsdRGhd therapy
ul trasound therapy apparatus to couple the ultrasound

emedgyd tgpMREatoredlizedne patient to be treated so as
to further ensure the safety and ideal therapeutic
ef f eclmsowerﬁpgwailﬁﬁéhg.qbye¢té&fsté1& present suvedtigpand to solve

thera / 005/,00136 After .the interfer

B PRk a8 hnina BREIeTR: dbf/ANERIBH Piavificn s MKF guided
I y system has

OO IRy AR R BT R enton 1 < 1o

utilize A/Bkatsolﬂeemﬁ@gnam(ﬁpmd B¢ appiywarahii®m tic field in

relative digitalization processing and 5 accordingly

tanempRhetio nésoornag volumeat atiredetandindtedisposigmagnd

therapy  gyided by MRl are realized. In order to

real i%e Ah e%fbtj @e@su}}raw@dp%éﬁy am@%tpena%ﬁmeé oto apply
sol.ve {h i stin tecGnl cal rob ens

sty kit ShRE BB FEL s8R % RPLod GV P Sbicion:

\glﬁgrel n conprising: 10 a. A static field nmagnet

adapted to apply a static magnetic field in an

magned.i (Theesioedmnécaloposieioaing ngagef@r movédlg said ultrasound
%Inirpz;; Ia;taé)ﬁgator to position the applicator so that the energy application
zone intersects said magnetic resonance volume within said region of the
subject.

In that apparatus, the static field magnet is open at both ends or
open at side. The sided open is upward or downward and the mechanical
positioning means of this ultrasound energy applicator is close to and is
located outside of the sided open.

The open magnet adopted by this invention has many options in
the existing technology. The magnet may be C-shaped one or U-shaped
one. The permanent magnet with magnetic field intensity of over 03T is
preferred. Additionally, the existing superconductive open magnet is
also preferred and it can provide face-to-face magnetic fields. It has two
ends and one open at side. The magnetic field intensity is over 0.5T.

During treatment, the patient is fixed and positioned in the

magnetic gap of a static field magnet. If the magnetic gap is open
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b. At | east one ultrasound energy applicator adapted
to apply energy within an energy application zone at

nechnanrcal

positioning nmeans for noving said ultrasound energy
applicator to position the applicator so that the
empevgyl, dbelultrasownd energy applcatoctrsay biedplaagdabbye that open.
resonance volunme within said region of the subject. .

15 thadRagipias 86045 ansd dewnpard; Higulaginiing enejgynapplicator

i de. h i ded i
iy ”eﬂfp%mﬁpﬁﬁéﬂd%?ﬂﬁ%mlnf@iorﬁgoifﬁcfn?wgr reduce
mafsofachitis gﬁ&r@? d ¢ eegﬂyas_%gﬂg' ERLQYy %\ﬁgﬁké’&ﬁ iy be
and of t e

is located outside e Si operr. open

plgeed bagdend ebe BYdd Bpén iofiRe st firsd @ptions in
the existing technol ogy. The nagnet may be C- shaped

one ofh¢/ghsggdinvebtioneaddjite thermagneitic ngagnwtithvan mpward or
gnetic field intensity of qver 03T is preferred.

AUYRYV8FAI 9RED t PreaRPs A ofipidluifgrsitye fopisedradirasound
e, a5 et e PybCoRblis dcsfc Tapdiprififer for he
HOTe . e b ds hel At

310, TPURSRGERE BUE by 80°hiad S IRGANS Tpateria). The

igbntHider 3Qallefipf hadadpselly comthat wWitH tied Bodgdethe $ibject to
the magnetic gap is open 7 PCT/CN2005/001366 upward,

thiee tuglateh souttuit ether ypespgpited anlorasoupdbwapesgetleationesurface

t hat, open, f_the magnetic gap is, open downward, the .
lﬂapr'a%gefﬁadd\ewys,éﬁﬁﬁn@aﬂar?f f?f»@uhéas&ugée%nwaeapnlwator is
4 n arder t ur.i-her .reduce l.ectromagnetic .
AREep P A Wopk? ARG UG LiBesf GobF THRRER B popisioned
Svthff eHe Dsorendf &g Séidi P an ﬁgvxtal?ﬁ &t gt If 8ld ultrasound

magnet. The present i nvention adopts the magnetic gap

winichg papppicatat isrlocatednaes dowpepobittenisthersudtjectf to be treated
high-intensity focused ultrasound  therapy apparatuses
ne@@sithendd withiooias berg elyavagnerveith gmt dowawardropene In this

way, the MRI guided treatment can be implemented easily and it is
particularly suitable for high-intensity focused ultrasound therapy
apparatus.

Further, for the apparatus as above mentioned, the downward open
of magnetic gap is preferred. A treatment bed can be used to move and
fix the subject to be treated. The bed has a rectangle open or a circular
one, which is used to accommodate the coupling agent container of
ultrasound therapy apparatus. In this technical solution, an open flexible
fluid container can be adopted so that the patient can directly contact
with the fluid in the container. Accordingly the patient is coupled to the
ultrasound energy applicator of the ultrasound therapy apparatus by the
coupling agent in the container. Thus, the acoustic membrane between
the skin and container can be left out and the heat radiation becomes

easier and the acoustic energy deposition at the skin surface in the
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fluid coupling agent had better be made of flexible

material. The 10 container shall fully and cl oselﬁ
; ; CTUGNA0RS/001366

that the unexpected ultrasound waves reflection

surface can be avoided. Thus, technically if the
wcouatoupathenan e apglic¢aht dhei souplotg@tagenatinathaigpatainer is
positiopn, the subject to be treated is positioned

Wagassed M@ttor e of nmagnet with an upward open or if

| over "3 T8 AR PELE uBRY, Fh b T BRE @erat Side, the
Fi‘?éiibﬁé’?ﬁl‘i'ﬁ?@'oﬁ'ﬁéiﬂef he chYed B ﬂ%@@faet ad¥udsti A APMANR #hd this
open. In this way, the MR Tguided treatnent can be

impmbrené sl wwadi dy tiendohtadting pafface U ahl thespatiédx. eAlso, the
for high-intensity focused ultrasound therapy )
appsedhsige. oRtheFmagher cah be used aspiher bedito fix tisopatient.

menti gned, the downward open . of pagnetic gap is
pr ef ef RS INVERtILIFEHOVEE dhEaintpEicreRee soRisre befaveen MRI

fix. the subject to treated. The has a rectangl e
sybiigratt BEEpli WSl R 133afe SRR BRThed to
t1BEaeOHR +88i AT the O BE o He tMatERSOHEN WNELEPYNd beam
apparatus. Tn this technical solution,” an open

ftkenenbpiseiobpathuard etakedirogtmemploReddeg.ed so that the
patient can directly contact wth the fluid in the

cont al hisr invantomdahsgl previdepat therapysappargtesy wbidhhases the

ul trasou nergy applicator, of the ultrasound therapy
a&?ﬁé‘r‘H{lErsMB\j fgﬁglmeggm RPTHGRtE pcquticcepergYnapplication to

Thus.  t.h tig. rane, bet n,, the skin,and
WersdlF RSN RE S, B BEbE SRk Pl i Aouna beam
be&RIMRPssHth padl.er and the acoustic energy deposition

at the skin surface in the 8 PCT/CN2005/001366

acousthe ppparacesr peovidedcbg. tHise inveptiong fagaet intludes a
the container is degassed water. Wien the static
fleeely imggRad HIeCassIngwaReRSpel® a@btginiethe hlocal| éxmpeeature

LR B L5 ST LTI R LAor wrsouna
ARSI miVEibRC patt WhthiRe tRath M etiN 8ondd® volume from
MRI system.

Further, this invention provides a MRI guided ultrasound therapy
apparatus. The ultrasound energy applicator is located outside of the
open at side of the static field magnet. Thus, the interference to MRI
magnetic field may be reduced further and more accurate images can be
ensured.

Lastly, this invention provides a magnetic resonance apparatus. Its
static field magnet is an open magnet with opens at both ends and at one
side of the section, and the open of the section of the open magnet directs
upward or downward and the downward open of the section is preferred.
Further, the permanent magnet is adopted preferably as the static field

magnet. The disposition of static field magnet with such upward or
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closed side of the magnet can be used as the bed to
fix the patient. This invention inproves the
interference problem hetween MRl __system and  PCT/CN2005/001366

ul trasound t herapy apparatus. MR inages nmay be used

to locate the region of the subject to be treated,
doGheedrdubp émhas nibtiessn disdléseainhntlss enistigt magmetivakesonance

treatnment procedures. This invention also provides. a i
appheatapss. appaisat partiampdy (bl peto r 85F- AN mMEORRINELARR with

hié rraé,lg]]es }o ndtoru Ige acoyiééréggngég%/@gggl i?f%%it%ﬂé%g e the
é ntFUXHe UBi Bth t M
| 1. d b t 2 eQi 15 h

reaar‘{wr 1%3%ol<l§°%6§?rfea srela%vgﬁi Pg%lrlgﬁfl?ﬁgrhtl nclt:lgdgsagpar atus

r eceiyd i Afl e PeReL S iINg iRP@Atoh0 obtain the |ocal
tenperature information on the region of the subject

to beAimast ed drd/oonditionasthandheberissing dasmsloigoes mostly
path within the magnetic resonance volune from MI =
ayeptad tlRONPurmagnetic idesigns end operapions adshia wrgnetic field,

uj ded ul trasound therapy .apparatus. The ul trasoun
gh’grweé‘mq Ko tordopt| BExHatBa: Sreib AETHE TSgari put the
Si of the statji.c fjel i .
i BeSt e MRl TP R et (fensdpcep pucside of
furt her a [ RS GRA & -adi 25

AL Pin RAAITAC, P S e 08 e iTBio ot he
PO AL 65l pddisionshgtrheads of dhermdresoursd aransdenenegirenwhile,
with opens at both ends and at one side of the

sket nom;maguktiherespérenoént lpm shet meghaniaahepopiétpning means
magnet directs _upward or do rd and the down d
Hseamst legse BEGAtlY @?ﬁi Eaﬁr%ﬁél\ﬁ?/e € P Hbro,fd’tfﬁsr%gence from
per manent. nagnet ,i s opt ed, pref er h j

RREFtFso RnBroot e BosSEukTS (ALY af bty Fapydité power
%e% YWVR] SYESeHPVRIH B¢ scﬂv@lgm 386R/ (d36fhe ultrasound

ward open has not been disclosed in the existing
fegiseluicer nespbaroeatapparsade v€he Irhairs npgnteticufiatd.yThus, the

suitable to use in conjunction with
interference of magnetic field produced by the power used by
ultrasound therapy equipment to MRI system can be reduced further and
the problem of interference from magnetic field produced by working
current of the transducer power cord and the positioning means in US
patents as above mentioned to MRI magnetic field has been be solved.
Meanwhile, with this invention, the medical personnel may change and
fix body position of a patient, monitor and operate a patient to some
extent.

The existing high-intensity focused ultrasound therapy apparatus
can be easily reconstructed and adopted by this invention.

With the development of MRI technology, more and more kinds of
open magnetic fields can be selected. A lot of magnetic material 1S

produced in north of China and the level of general techniques of

permanent magnet open MRI system in China has reached the world
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hi gh-intensity focused ultrasound therapy apparatus so
as torealize the real-tine nonitoring treatnment or
on-line treatment . 5 Beneficial effects of thjgPCT/CN2005/001366

invention Aimng at the conditions that the existing
technol ogi es nostly adopted the non-nmagnetic designs
aadaReaT aldvens I the nadwgnegésud i BRI, tethnsldgyemt iGmina is
is to adopt the existing open magnetic field and put
sblectertbandnused iposonjunsitiog metnsiltasewed Wheragpurehnology,
t ransducer, outside of 10 the in netjic field an
tleel @oplicREO0ZpaRE $3ThibeattRas gf?\%ttr?}gr?é‘éhgnh%sala good market
posit] ctmi ng neans of the ultrasound transducer.
I%Bﬁm 1%8-" the non-rmagnetic requirenment on the
mec Lcal k1 4-0N] b a n
par A o EPem p e arf or bR e FANEANGE  the
aanehiionhl &l ghanadsesdfdyusedr Kitragoandr ghietrapy. ithis especially
transducer power 15 cord to MRl system can be sol ved.
Buitahby foal datihel yulcompposntimer dneatorant ang bas good social
| ocat ed outside of the main magnetijc field.. Thus,. the.

r

ihwgfift%r}é%ié\‘IYW%éfﬁaégﬂ@“& DB thEigRpntion is
by . ul d § .

,%Za%pgfa%r i TRl SoofR iR dnfiyChinfese! Btent Ne.
| : WA i ng
SHSPRAERSyhMTESufe Radcad gardening and

Regidg anheg’ sebAfitted HéPordbl ehtinasnwravfethiem vemdon ad the
MRl magnetic field has been be solved. Meanwhile,
wiltdasoting tharemt spstem Iveithresai opéen fiexibhn dluidegondhameyecan be
and fix body position of a patjent, nitor .and

ssbecied by fhis EREntPs ofECoRlNg the sty ands39ed, effects of
i.gh-.i nt ensi focused ul tr,asound therapy. a rat us

hifhgaef foueaiFstrat BRIRET bARIERTS

I nventi an: - N f t.e . .

oo SHE it B A SR b ek g v i

SetRaC{Nd gnétik R e S ndRENBhA EinFd L fpahtuss buprOBimesd Patent No.

north of "China and the |evel of general techniques of

IR §O5AfEN4 M RAgmetie d ghardyRiu ticyst i¢ rnidnmetiads "higsvery difficult

reached the world 10 . . .

to achieve this. The large examining area makes clinical observations

more visual and convenient. MRI system may reserve many functions so

as to promote its compatibility and availability ratio.

BRIEF DESCRIPTION OF THE DRAWINGS

The above paragraphs have summarized this invention. Thereinafter,
the invention is further described in detail by the preferred embodiments
set forth below, taken in conjunction with the accompanying drawings, so
that the technicians skilled in this art can understand the implementation of
the invention easier and the objects and advantages of the present
invention would be more readily apparent.

Fig. 1 is a diagrammatic view depicting system structures

arrangements in accordance with one embodiment of the invention; and
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PCT/ CN2005/ 001366 advanced |level. If the advant ageous
MRl technology in China is selected and used in
conjunction with ultrasound therapy technol agy PCT{{E005/001366

application cost can be decreased greatly and it has a
good market expectation. 5 This invention may expand

the agpligatjson r dngeaaimitie vionveldpiet@g system structures
hi gh-intensity focused ultrasound therapy. It is
espagemkehys irsaidoabhece withr aiathenempodimphesf thensvention.
treatment and has good social benefits. Especially,

the arrangenent of MRI systemin this invention is

DRI L PR PR ISR B S g b b ERR PN PR e

tunor™ e Inventor of this

kpYEIfida®ly adférs e a Ulocugsduitratbendpyasydicem Whik teaamsducer
open flexible fluid container can be selected by this

inmaseritel ansinfte aridéulgt ypicheclsafiée yceapmigopldisef¢@ustsc dens for

hi gh-intensity focused ultrasound therapy can .
dneufiad, a5 Thsiaglowerhersn WER%%&rlcy Grapuf nySO, multiple

mai ntai n t he exam ni area in MJI (Magngtic .
RAIIFCE REEATE CEisaratLSamey P g Yodb BECUnFigg, may be
4 & VR - gl t i t
RERIRSE L RO heugben e MRl R BEiven oy
%X?i‘?i'g‘l‘é RYpRd1e8r TRER 16! él\i/%hﬁm a@durdiy@itbOpisasedDE éntrols. Also,
vi sual and conveni ent. | system may reserve many
fth@ atdmdscep maP vasy tthe pravamiteéerst suchmsatlidpiel 0f yurfade, area,
avai lability ratio. BRI EF DESCRI PTI ON OF THE DRAW NGS
ThealabanashpAregieastys shape fufeds 2ed athi scrordipg iondifferent

Thereinafter, the invention is further described in
degedment posHaORS-ef erred embodi nents 25 set forth

focu u . ni ' . .
Su%!ﬁ??sftgﬂﬂge?g%t byfa?ﬁhé%@ IJ0 aed pfdsehPd invention

Egﬂw&\fmteﬂlfef‘ in conjunction with the acconpanying

aw ngs, so that the technicians skilled in this art

can upgersstend iflistrhfdd RIENE af icohptisest AghBY ¢Ntic@lment bed
easi er and the objects and advantages of the present

i2)weater @ont@inled 4ehemapy treasdbgerappeorentl syEtgm 6, MRAimage
di agrammati c vi ew depi cting system structures
processing means 11, mechanical positioning means for treatment bed
21, mechanical positioning means for therapy transducer 51 and patient
to be treated 7 located within the system. The magnet 1 1s a 0.3T
permanent magnet ( For example, 0.3T NMR permanent magnet
produced by Ningbo Heli Magnetech Co. Ltd.) with an downward open.
The gradient field unit is used to code x\y\z three-dimensional space of
the magnetic field. RF unit sends imaging sequence signals and receives
the magnetic resonance response signals from the body and the MRI
image processing means 11 rebuilds the tissue structural image and
temperature image.

Therapy transducer 5 is a sphere-focusing piezoelectric transducer

with a focal length of 100mm-150mm, a diameter of 120mm-150mm

and a working frequency from 0.5Mhz to 2MHz. The therapy transducer
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30 arrangenents in accordance with one enbodi nent of
the invention; and Il PCT/CN2005/001366 Fig. 2 is a
di agrammtic view depicting systemstructures PCT/CN2005/001366

arrangenments in accordance wi th another enbodi nent of
the invention. DETAILED DESCRI PTI ON OF THE PREFERRED

EVBEDCWENESied Tae tHet maschamdc&ingyagytiapild caleans offot htherapy
present invention specifically refers to a focused
mtansdsoends t.r ddssiucerby THhat menisdicar posiiyonimga means, the
single circular piezoelectyic ceram c plus acoustic
|tb¢r§wdwan$d}tq%iﬁgg@n SROYE 3N 3 ¥pReddS ¥ 18h gemoying gange of

i C. [ ti [ I [ ' [
%ﬁiof Tuirtd PO Brows R BV RbEE: 5 S8R Corti nec
to t : h
o7 ok JuRANEH Rl IRELREN b BB RSB thrapy

ELRUAEBH 5t sh PHiRS B d506E palisnt &) e, tredded 7 iankeWegassed and
may vary the parametérs, such as shape of surface,

aleéanizetlopatifieshgrater f wetduancypntroibede tempeoztuse apfl about 25
etc. according to different treatnent positions. 15
EegseEsnesittigrafie systemillustrated in Fig. 1

i 1, g bed., 2 i
OTPERS T ERERL stk SERR SR R SheRY Baghenct 1
pf%‘ﬁasai{qgﬂgmg fok u{@CB@@'i al o3k S AN MHa B aNSId Yrder to
treat nen e 1, necnani ca posi t1oni ng neans for

t hgEapye tHANSEHELEN & tafice Raddrefic AO1d 8s Iber 4§ pabsiBld. A hole
| ocated wthin the system The magnet 1 is a 0.3T

persdoemtednagties nfididde ofxtheptreatmeBTball/R peramberitansmit the
magnet produced by Ni ngbo Hell Mgnetech Co. Ltd.)
wi ttherapeatisnvkiras ommenwavenangy tha srater centpinar ¢ issconnected

used to god \ t hr ee- di mensi, onal f, .th .
nagWélleircF G Zloé?yhé‘%ﬁfecatgé‘?&sg?ﬁlimgi ‘nc‘gsS gé%@?’réebgi 5}%‘1*@“1031
and, recej ves e [ -
2T AT HE, ERPRe PSR S RAPRPTSEgL SRorERs, ppchanica
meansitdn @b dads dharivestenshimehtbal 2 iBGRoBthorizontally

t enper at ur € i nage.
along the axis direction of patient body in a moving range of £200mm
and move vertically in a moving range of £200mm.

The MRI image processing means 11, the mechanical positioning
means for the treatment bed 21 and the mechanical positioning means
for therapy transducer 51 are connected to the control system 6. The
control system 6 drives the mechanical positioning means for treatment
bed 21 moves the treatment bed 2 and lets the diseased part of the
patient to be treated 7 locate within the magnetic resonance volume,
then the MRI image processing means 11 image the diseased part. The
control system 6 drives the mechanical positioning means for therapy
transducer 51 to let the focal point of the therapy transducer 5 and the
diseased part of the region of the subject are overlapped within the

magnetic resonance volume, then the therapeutic ultrasound beams are

emitted to treat the patient.



Therapy transducer 5 is a sphere-focusing
pi ezoel ectric transducer wth a focal Iength of
100mm 150mma dianeter of 120mm 150nmm 30 and BLT/CN2005/001366

wor ki ng frequency fromO0.5Vhz to 2MHz. The therapy
transducer 12 PCT/ CN2005/001366 5 is connected to

t he Mmacthagicedth odidserit, ahé neearerems Heak 2| tier aper container4, the
transducer 51. Driving by that mechanical positioning
pherapy traesdudesr dpthe cant@lcastan cantheomecdiagienlxposifioning

i T R
SRS AShAR SE st SR LBL BB FRIBRSE a0 avord

@?%?ﬁ't%?fér@ﬁge t8ehOM A& 1RUTifd ed water with a
controll ed tenperature of about 25 degrees

centigrade. The treatnent bed 2 is | ocated outside of
the open of the magnet 1 10 and the material for that
bed is non-magnetic material in order to reduce the
interference to the magnetic field as far as possible.
A hole is located in the mddle of the treatnent bed
2 so as to transmt the therapeutic ultrasound waves
and the water container 4 is connected under the
hole. The treatnent bed 2 is supported by nechanica
15 positioning nmeans for the treatnent bed 21. The
mechani cal positioning nmeans 21 drive the treatnent
bed 2 to nove horizontally along the axis direction
of patient body in a noving range of 200mm and nove
vertically in a noving range of 200nm The MRl i mage
processi ng neans 11, the nechanical positioning 20
means for the treatnment bed 21 and the nechanica
positioning neans for therapy transducer 51 are
connected to the control system 6. The control system
6 drives the nechanical positioning neans for
treatnment bed 21 noves the treatnent bed 2 and lets
the di seased part of the patient to be treated 7

| ocate within the nagnetic resonance vol une,
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25 then the MRl inmage processing neans 11 inmage the
di seased part. The control system 6 drives the
mechani cal positioning neans for therapy transtfifé¢@f2005/001366

51 to let the focal point of the therapy transducer 5
and the diseased part of the region of the subject

EmbadinecheRped within the magnetic resonance vol une,

then the therapeutic ultrasound beans are 30 enmitted

to trldut systenpdiusnatedlia BET20N005/s60 1888netl h, traament bed
enbodi nent, .the treatnment bed 2, the water contaiper .

2, Watgr containgy 44 fherapydeanssluceRed, coRtE) %&%rpef% TQﬁU image
t he nmechani cal pl°15i L onitn means fg{l trea%rrent bed -g-l -
RASPSRI SRS ol BeRY IS AE Ol s! I oMECPATICgRyPOSiToming
WA deirealim@h €bkaoat ehetHhRicde I@siﬁi@ﬁiﬂ?ﬂ’%ssfbraﬁlerapy

to avoid 5 big interference tot magnetic field. 14
RGhsEDR05/10@4h366ati EAD 6 Bentestedh? Imvatanvithitstthat egstem.

in Fig. 2 conprises magnet 1, treatnent bed 2, water
Maogretnepf 4he shsteapys arbATreraentaoagnal (Fpstexangple, 0.3T
MRl i mage processing ans, 11, acousti ¢ nbr an 1,
AR RF ERAN RS TAEHRT ﬁ@ongu‘iﬁéiaég Nigg rﬁsﬁ%@ns&ﬁz o. Ltd.)
nmechani cal _positiaoni ng nmeans for therapy transducer
é‘fﬂﬁéﬁa MTATI9P%e treated 7 located within the

ey ot ARl b oI, 0580 SRRt 1 o

RBupPYASdtHYY phitiaRoroHlel tivagsEtRCTThEOWakéd chntaiineh 4mand the
downward open. 10 The treatnent bed 2 is | ocated

whé¢raipy trarsdragerof arbemoagteet o thadneshpponat postieoning means
patient to be treated 7. The water container 4 and the
fherthpramyr srngdueer 5 lar Ehewsuis die irquséicnaraiahrang 41 at the

ositioni for, th d 51. Th i
SRElage oL the' RERRF areniping X hOMICFORSBE PR PRt the

GOM RN Gardr Ut SVERABGARE. MY Prevent the

In this embodiment, the ultrasound therapy is applied to a patient
from up to down. Other components and their functions in this
embodiment are the same as those in embodiment 1 and therefore
they are not repeated here.

The technicians skilled in the art may easily make numerous changes
and modifications of the embodiments described as above or make it apply
to other fields. This invention includes all kinds of embodiments and
applications. Even through this invention is described according to the
preferred embodiments, therefore the scope of the invention is not to be

restricted, except by the following claims of this invention.



15 nedium water fromoverflowng. In this enbodi nent,

the ultrasound therapy is applied to a patient

from
up to down. Ot her canponents and their functi onECTi/(H‘uO“/OO”“

this enbodiment are the sanme as those in enbodi nent 1
and therefore they are not repeated here. 20 The

Thedisti ¢f ansriking macrmbershHa thée drawiegs | y make
nuner ous changes and nodifications of the enbodi nents

descri bed as aMmgmedr nmake it apply to other fields.
This jnvention_incl uﬁ%ﬁ’t‘? Il kinds of enbodi nents and
appl i<ati ons. Eraim gh this invention is described

according to t . enbodi ments, therefore the
scopeijof t he i%aé[ﬁﬂ’cg%&rlégﬁot to be 25 restricted,

exceps by the TRbisN fAgns&ddddys of this invention. 30
15 PCT/ CN2005/ 0013 The Iist of marking nunbers in

t he df awi ngs 1Chbagoétsys&nir eat ment bed 4 Water

contai ner 5 Therapy transducer 6 Control system?7
Pati it to be Ppiéafktp betroatedi nage processing neans
21 I\/Efrani cal %{ﬁgfiti oning neans for treatnent bed 41
Acousttc menbr 51 MechaHPg&f posi tioni ng neans

for processing means
21 Mechanical
positioning means for
treatment bed
41 Acoustic membrane
51 Mechanical
positioning means for

therapy transducer

16
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therapy transducer 16 PCT/CN2005/001366 Clainms 1. A
MRl gui ded high-intensity focused ultrasound ther ag
apparatus. conprising, 5 a A static field nagRel/cN2005/001366

adapted to apply a static magnetic field in an

magneti c resonance vol une at a predeterm ned

di sposition; b. At |east @laimktrasound energy

appl i cator adapted to apply energy wthin an energy
application zone at a predeterm ned disposition; and

c. The nmechani cal ,positioni ng reans, for novi sai d

ul t r asod rMRIMlaﬁ%%&h‘éﬁﬁpﬁ’égtﬁ%i’u%@ AsOHB Qﬁﬁr@py apparatus,
ap?rlgi}cator so that the energy application zone

i 184885 said magneti ¢ resonance volunme within said

regi of Qfstdth@ fictd B Bhlet MUl 10 S1Y Sitaticomhgeétic field in an
magnet i s open at both ends or open at side. Said

pgghaic dsdrance uphane aon pledeteamncheahdispheitiechani cal

15 positioning nmeans of said ultrasound energ

appl i zahbledss oplegdérasgund ¢nesgy §pﬁécéf0rs?&13d>t%%é‘h agply energy
side., 2. Ag aratys as cl ai ned ind%:ai m 1 \ﬁerei.ﬁ sai dd

oY E RIS ABCIEYRRRR ICALAN U B2 PRedpt g inGdAIROBHATt 8k

of the side . Of I« ' i€ g .

Sopar e SLESSRRAL Sfpdlat biudisehdh R MBI uitasouna

SatE ¢ abbibgtorBIp&itiBathe Qap%li%@%l'\/\@d ¢hsti hederR?@H, application

further conprising an open exi ble fluid contal ner,
whnehinmadsestssaiid magnetit résonbect vednmd wihimsaid gegion of the
wth said fluid directly. 4. Apparatus as clained in
cludjent3 wherein further conprising a treatment bed

f fj.xi ng. i ent, i,d t t t h , id

R R L0 o PL I Rl BPuE R, Sen
tsl%éc'. %%?@’oﬂ%hera(?' figdaid J}J\Hér‘gi bt d39ndR9assRd WR' Mechanical
positioning means of said ultrasound energy applicator is close to and

outside of said open at side.

2. Apparatus as claimed in claim 1 wherein said ultrasound energy
applicator is also located outside of the sided open of said static field

magnet.

3. Apparatus as claimed in claim 2 wherein when said static field
magnet having a downward sided open, further comprising an open
flexible fluid container, which makes said patient to be treated contact

with said fluid directly.

4. Apparatus as claimed in claim 3 wherein further comprising a
treatment bed for fixing a patient, said treatment has an open, said flexible
fluid container couples to a patient through this open, wherein said fluid is

degassed water.
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17 PCT/ CN2005/ 001366 5. Apparatus as clainmed in claim
4 wherein when said static field magnet having an
upward sided open, said flexihle fluid containePCY/gN2005/001366

cl osed by flexible acoustic nmenbrane material and the
flexible acoustic 5 nenbrane is used as a contacting
surface with a patient. 6. Apparatus as clained in

claim5 wherein the closed side of said magnet nay be
used asAppbeafus as €lasinag ia plaimehtwhamin whepspid gty field
claimed in any of clains 1-6 wherein | . S . .
Mmeenglohpvitg @n HEWAg; sideds oPad St faxibls il container is
treat he I 1.§5] .
AREE Py nGHe HebhgE HEmeBRt T AR NS iR MRAI e Mkt

RYmBtarrd Al ik dlada WHRIRAgtefdceal ithiaBatiehr. VRl f ast
i mages to nonitor acoustiC energy application to the

region of the subject to be treated and/or check
ul trasound beam transm ssion path. 9. Apparatus as .
cl ai nedAippazatys ot Jrimed in-daigper sihereinr theeglosgd side of said

conpri sing .The apparatu rovided by. this invention
ORERRh MaX g Beed as a?l&(gf& ﬁél%a pﬁ?f’c?&léssi ng means to
obtain the | ocal tenperature information on the

regi on of the subject to be treated and/or ultrasound

beams7 t ApparatasiRncIRAhEd Wh tahiyoft bR imMBAN6t Whefeih VIRICEnage is
volunme from said MR system 25 10. Apparatus as
cl ai msddita lotaterthe Segiver ef thef aubydetrtotteetreatedecheck sltrasound

i mages are used for nonitoring treatnent. 18
beams transmission path and make treatment procedures.

8. Apparatus as claimed in any of claims 1-6 wherein the real-time
MRI fast images to monitor acoustic energy application to the region of
the subject to be treated and/or check ultrasound beam transmission

path.

9. Apparatus as claimed in any of claims 1-6 wherein further
comprising The apparatus provided by this invention further includes a
receiving and processing means to obtain the local temperature
information on the region of the subject to be treated and/or ultrasound
beams transmission path within the magnetic resonance volume from

said MRI system.

10. Apparatus as claimed in claims 9 wherein further the temperature

images are used for monitoring treatment.



