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PCT/ CN2005001391 FLUORO- CARBON EMULSI ON'  ENHANCENMENT x2005001301

TREATMENT AND USE THEREOF 5 FI ELD OF THE PRESENT

| NVENTI ON The present invention is related to the
fields of nmedicine and nedical treatnent,
specifically to the field of ultrasound treatnent,

andf hbr@REE ARB XN ENA BSTOM ENHANCE MENTI AGENT

enhanc t I, : [

ner el DRISEH INTENY ok SRIESEBED L THA G152

| ocati on duri g HFATFMENRIART USINA HEREOT eof .
BACKGROUND OF THE PRESENT | NVENTI ON Hi gh-intensity
focused ultrasound (H FU) as a new technique to 15
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when the HL.FU treatnment is..used to treat deep-seated;, .
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It was demonstrated that the acoustic energy was attenuated

exponentially as the transmission distance increased during the
ultrasound transmission within the body (Baogqin Liu et al., Chinese
Journal of Ultrasound in Medicine, 2002, 18(8):565-568). In addition,
the energy during ultrasound transmission in soft tissues was
attenuated due to tissue absorption, scattering, refraction, diffraction
and the like, among which tissue absorption and scattering are mainly
responsible for the energy loss (Ruo Feng and Zhibiao Wang as
editors in chief, Practical Ultrasound Therapeutics, Science and
Technology Reference Publisher of China, Beijing, 2002.14).
Therefore, when the HIFU treatment is used to treat deep-seated and
large-sized tumors, the acoustic energy transmitted to the target
would be relatively low.  Thus, therapeutic efficiency would

decrease and the treatment time would be prolonged due to the
z
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35 decrease and the treatnent tine would be prol,engeshosoniio
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deposition at the targét tissue during H FU
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t
ﬁﬁrﬁ ¥ rbqﬁdle{;}Pg sent invention is to

provi de use of a fluoro carbon enmul si on enhancenent

agent. for H EU treat nent
SUMMARY OF THE INVENTION

One objective of the present invention 1s to provide a
fluoro-carbon emulsion enhancement agent for HIFU treatment, which
can enhance acoustic energy deposition at the target tissue during HIFU
treatment.

Another objective of the present invention is to provide a method
for enhancing acoustic energy deposition at the target location during
HIFU treatment using the fluoro-carbon emulsion enhancement agent of
the present invention for HIFU treatment.

A further objective of the present invention is to provide use of a
fluoro-carbon emulsion enhancement agent for HIFU treatment to
enhance the effectiveness of HIFU treatment.

In order to achieve the above objectives, in one embodiment, the

present invention provides an enhancement agent for HIFU treatment.
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enhance the effectiveness of H FU treatment. |npef@Rinos001391

to—achieve theabove objectives, i one embodiment,
the 35 present invention provides an enhancenent
agent for HHFU treatnment. 2 PCT/ CN2005001391 The
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treatment greatly decreases
volume of HIFU-induced Iesmns (umt mm’). A substance that
greatly decreases the EEF of the target tissue after its administration
is more suitable to be used as the enhancement agent for HIFU
treatment according to the present invention.

The enhancement agent for HIFU treatment greatly decreases the
EEF of the target tissue after its administration. As a result, the ratio
between the EEF of the target tissue measured before the
administration of the enhancement agent (i.e. EEF a5, ) and the EEF
of the target tissue measured after the administration of the
enhancement agent {i.e. EEF casuremenny ) 18 more than I, preferably
more than 2, and more preferably over 4. The upper limit of the ratio

is not particularly limited and a higher ratio 1s preferred.
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EEF of the target tissue after its adm nistrati @pycAS0s001301
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and the degradation products thereof; proteins, such as albumin,
globulin, fibrinogen, fibrin, hemoglobin, and the degradation
products of plant proteins and the like.

The membrane-forming material of the fluoro-carbon emulsion
enhancement agent for HIFU treatment according to the present
invention is preferably a biocompatible and degradable biomaterial,
such as a lipid, such that the enhancement agent can be injected
intravenously, transported through the blood circulation smoothly,
and then phagocytosed quickly by the tissues of the human body,
which are full of reticuloendothelial cells. Therefore, a mass of
enhancement agent can be deposited in the tissues of the human body

in a certain time, significantly changing the acoustic environment of
4
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25 globulin, fibrinogen, fibrin, henoglobin, andcthg200500139:

degradation products of "prant proteins and the I'i Ke:
The nmenbrane-form ng material of the fluoro-carbon
emul si on enhancenent agent for H FU treat nent
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cel I gpWihle! athgvd BRILEBhedit &3¢t the présdnfen@BAMBn, the aqueous
enbodi nent of the present invention, the I|qU|d t ha

un@@mg@etg distilledi wagers phesdelagispkisalisn ait gBezopgogplution.

g %gﬁﬁe%agg C@f @??fﬁﬁgﬁﬂ%}%‘%%@t Bl&p "1‘8350% (W/v).

i - pentané ons
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nghett ipatidhsd.i |1 ed water, physiol ogical saline or
i The concentra ion of the gl ucose

gl ucose sol uti op.

sol utlioh pealeTEal GRS BSIRL( WS/ £ amln@ﬁ%agfﬂgfcasaey contain
n b h u u ral

LGB ISR 88 LT Ao BT A glaroun

tao@atstmg of@th‘,dleab@lycolpmqr@rﬂﬂsﬁ 14-hatdy pcgf esteey diethylene

nent g
SIGRE] Do SARP IR B0 RO st
aoidl Mgperse arististleng gjﬁfc@t nyben€ gl y-datty ac1d esters sorbitan
%no Cl6, 18- fa# aci d esterES. dieth Ien gt‘%’

Ho- eaat s8iarat éﬂ%éwae)es@aev ifigisat RYDEAED aéF’y cen type)
dn@shrds, f gidlyethylene glycol monolaurate-based emulsifiers,
polyoxyethylene laurate-based emulsifiers, 3-sn-phosphatidylcholine
(lecithin), cholic acid, and the like. The amount of the emulsifier in
the enhancement agent is 5-150g/L. In addition, the enhancement
agent may also contain a stabilizing agent, such as
carboxymethylcellulose sodium (CMC-Na), carboxymethylcellulose
potassium, carboxyethylcellulose sodium, carboxyethylcellulose
potassium, carboxypropylcellulose sodium, carboxypropylcellulose
potassium, glycerin, and the like. The amount of the CMC-Na
contained in the enhancement agent is 0.01-10g/L., preferably
0.05-0.6g/L, and more preferably 0.1-0.3g/l.. The amount of the
glycerin contained in the enhancement agent is 5-100g/L.

In a more preferred embodiment, in order to increase the
5
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acid esters, triethylene glycol npbno-Cl6_18-fat tryrasi@soo:39:

esters, sorbitan Tfatty acid ester (Span type)
enul sifiers, polysorbate (Tween type) enulsifiers,
pol yet hyl ene gl ycol nonol aurat e-based enul sifiers,
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dradish o Yel@fﬁaﬁd&n@lﬂthaig%ﬁﬂefﬁr GO, tidhemenhasit e@nipresent
agent is adjusted to 0, preferably, 7.5-8.

IAgERHARC | &uSor-@aﬁp&h%rcawcbrth@a%@enwe@él%@mlgeS use

S0 B LAt RS . APPSR 808 oy proparing the
eanhasucome@t@@@amfenéﬂﬂhgr@ntmﬁm H FU tr eat ment
accontl luher SIRHBLERT il PR FRub R bifufREe Méinod

ances ‘having ‘Speci
affolri prépartiog t e tilwmro-tadone MUﬁsh@lfﬂﬁmcemﬁ ageat for

t ecific_anti be added to th
e[m?ﬁéé%émmﬁggﬁ'@ m‘?ﬂb&% Pﬁ'&‘ﬁ:’(‘iisr?ﬁr bon emul si gn

ul 1 g QUNE oGRS Mot nﬁgmg 8 thBalbrane-fok@ing d@éﬂérﬂﬁ%‘iﬁdl A core
ul trasound I mag |ﬂgﬂ@03ébe used as the fluoro-carbon

anatesiadriocpinant & nnemdrang-formiratrEatiaband ne200g/L
pé'oqgematehg}’e%ld?ﬁ er”%%%éonuuggnl?%@ﬁrfat%p%ﬁé t&ﬁxre up to a

rnvention provi uor o- car
e;metistmrmmbtir asbume, comd r ststriggetite frorxtprepar |ﬂmgm he coarse
enha& cenent agent for H FU treatnment. 15 I n anot her
i'"®nt, the present invention provides a nethod

;or F(Q?D@hh[@f}hﬁh% thel @oarsacRall s R pseparednharegmgny in a
gzeg?lt pressure homogenizer (see Example 19 described in Chinese
patent No. CNI1068230C). Preferably, the coarse emulsion is
emulsified twice.

In the method for preparing the fluoro-carbon emulsion
enhancement agent for HIFU treatment of the present invention, the
mixture is preferably stirred and dispersed in an ice bath in the
above-mentioned step (1), and more preferably, an emulsifier and/or
stabilizing agent may be added to the mixture when the
membrane-forming material and core material are mixed.

The present invention is further directed to a method for increasing
energy deposition at the target location during HIFU treatment, wherein,

the method comprises administering an effective dosage of the
6
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H FU treatnment. The nethod conprises: (1) wei ghirogcamdsooisol

m Xing a nenbrane-formng material and a core
material to obtain 0.1-100g/L menbrane-form ng
material and 5-200g/L 20 core material, adding an

%@U&rﬁsﬁ' SRl Qoh hen M neeHicit URg dif? @f%@dgt»@srem Nedention
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tH&REVENa Afoctdle oPrLPRAF MO RlahoBasiheletdinihb @l Suitable
preferabl y.stirred and dispersed. in an_ ice bath_ in the
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core material are m xed. The present invention is

R PR B RO 0k NFHREI O oY

tr gxhflél wherein, 35 the nethod conprises

adm ni st eri ng, an effec ive dosa of the 6
BCT) RO BT o a1 O DY EES B Gt & O] uREepEP00mL:

agenty/Qh eﬁﬂﬁsﬁ‘i&sﬁnhohm’?n@?% ‘P?urdlﬁtséé‘f%‘ﬁ’z@@{néf (B®mpany),

continuous and rapid [V instillation or bolus

ithpet (th)t oycalkpaltqcetmn afporcdesed ndten peliarghaipsiiemipal

ROl BBy v Be LR, rerdUBy fecifh L fpfitiaged from

v&légg’m anmlgaty)erund time;ﬂtacbwamér tUinomixvotcumasahctbaed on
n e h t

dagiany Her AR Theebut Abf 000dBEGESY St e B Ptain 2

Rﬁizﬂr%‘t %mﬁ@for?xaﬁﬁéeacotah& desAgdsicsanwRe sehatdigdd in a
fromthe range of 0,005-0.|m/kg, preferably

chigh-pressute/ hk@mp@emgma_éﬁoegm P W@Fltmﬂeemulsmn with
I h

%gm%lg\gizw &ﬁe?u&w&g%ﬁﬂnﬂgﬁ (W?1 W ®hrough a
emh'lsnfe:nebralaleuﬁdimrc The68ngpencblased Waorh Sidgdaand put into
PIRAWArs, and then was radiated by Cog at 20KGY for 10 hours,
The emulsion had a particle concentration of 10°/ml and was

refrigerated for storage.

Example 2

The following materials were mixed to a final volume of 1000ml:
6% (w/v) emulsifier Pluronic F-68 (purchased from Sigma Company),
1% (w/v) yolk lecithin (purchased from Shanghai Chemical Reagent
Company), 10% (v/v) perfluoropentane (purchased from Sigma
Company), and physiological saline solution. The mixture was
incubated on ice and sheared and dispersed at 10000 rpm for 5
minutes to obtain a coarse emulsion. The coarse emulsion was
emulsified in a high-pressure homogenizer at 4 C twice. The

resulting emulsion with a particle size of less than 1um was obtained
7
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distilled water.
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25 Exanple 2 The followng materials were
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20KGY f or
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stora
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15m vi al s,
10 hours.

ent

atign of 109/ nm and was

eo Aupiarghrivan ugaudsionogovancegmnt weggnts for HIFU

Pl oor fhe misent
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iGHRRted Mthiecrodnedtshrasiesvand Titdper.sed at 10000

romfor 5 mnutes to obtain a coarse enul sion.

coarse emrul si on was

honogeni zer at 4 C twice.
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The

enul sified in a high-pressure
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T*T%bfélr esul ti ng enul SI on
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|
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PCT/ CI\IZOOSOQié’a%le by |fiBtenpieg threyskpr $m nemritanele 6
filter T final emil sion_-was L\ rlprl andiput into
15m vials en |at ed at 20
for 10 hours” %H t} mil si (;naﬂgg a parf?@ ‘2) 98 (vrv)
concentrati 10 and was refrigen
Corgiaptagel b %ﬁ?ﬁfl‘ﬁlr@ 3-6 p??fgiupl%or i’ﬁ’f Oemjﬁ)éﬁ odkcatiuoro-
enhancemsnt agents for HHFU treatnent of the present
i nvent i on| wepenipnepared bewoedi ng t bexdree sane ngchtsde
and—procegures—descritbed—in Exanpte-t—wth—the
Lecithin 1% (wiv) 2% (wiv) 2% (w/v) 2% (wiv)
Glycerin 1% (wiv) 1% (w/v) 1% (w/v) 1% (w/v)
Pluronic F-68 5% (wiv) 3% (wiv) 5% (wW/v) 5% (w/v)
Final volume
after distilled £000ml 1000ml 1000ml 1000ml
water added
PH {(c.a.) 6.98 7.01 6.99 7.00
Particle size of
the discontinuous| 0.5-2um 0.5-2um 0.1-2um 1-2pm
phase
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10 materials and the anmounts thereof set forth ipBr/oNnzaos001391

rabf e 1. The parametérs of the producis are shown in
Table 1. Table | Exanple 3 Exanple 4 Exanple 5 Exanple
6 2% (v/iv) 5% (v/v) 10% (v/v) 10% (v/v) Core

mat eri al Perfluoro- Perfluoro- Perfluoro-

Di hydr odecaf | uoro pent ane hexane hexane pentane

Leci ﬂ"hbneﬂfeet@ wivihe2 eh ki avicem e (tgvmx) fOZ%IUE\WV)reatHWI@tef)f rihe

Y% % vv/v 1% / | 4r.o
Brre Sl S die ey Bl Wbkl srBniolitlpse e
ﬂlllestﬂddredcaiﬁgﬁ?ﬁn%@(glﬂMenh@ﬂ@%hed@@i@mt fomaﬂéflhdféadnalrt as
artjicle size of t
HF%%ﬁfiulﬂ?chﬁénI@)‘esl @%? &ZIE(@)HW% bhsrapsiiic &é/égf‘éng\’lodewc-
PCT/ CN2005001391 The effects of the enhancenent agent
for HHFU treatnent of the present invention are

?feﬁmmmtak tséd Pedyvwn lesoughot Nevedaplirnd aviuse rafbit {iver

0 b [

tr eatEiRy e E 2 COARE RN APRe il 0 Tk S6ke,

W‘iﬁthp&dtﬂf prcﬁydeélﬁymme]ﬁﬁﬁathgmliiméSCehtft uﬂﬁilmlgxlegqing
1 oONn 0 eal.a ite ra it .

LSRR et IR g i 250 b beestnpntithopigre

RBhaveded e 1hRct-3RR0AE Any A MRldSe&6h ebn ahe ONgHIMTIto

10 Uni versH}‘/l of Medi cal Sciences, were used. These

stk t sSAwetigh-iggenety afosmed Jragsusnm Bwenarnd herapeutic

t
Eﬁﬁaﬁnltgﬁ)s#tn)} ocusecfQEJttra %d%ﬁﬁerggg& i %HIFU)
Seshewl dpelCal C Intdn ufreast unsed by Otmﬂmgtm rigebli frablpis.FU he

HEME BT eohtrey PR D) TRALEL AR SERE R S btem
Medapedt was %&Sﬁi;ﬁfﬁedl\@ﬁﬁh aﬂ(ﬁlmbleppm%%@n@i at@f, a B-mode
%?{rlejlgct)gr?(li ?nc?&\?gﬁnges@%?ea}%oé th%la%eutlc transducer, a mechanical
motion control system, a treatment bed and an acoustic coupling
device. The therapeutic transducer of the System, with working
frequency of 1MHz, diameter of [50mm, and focal distance of
150mm, using standard circulating degassed water with gas content
of less than or equal to 3ppm, can produce a focal region of
2.3x2.4x26mm and deliver an average acoustic intensity of
5500W/cm®. The transducer used in this study was 150mm in
diameter, and it had a focal distance of 135mm, a working frequency
of 1.0MHz and an acoustic power of 200W. The exposure depth was
20mm, and the discontinuous single pulse exposure with exposure
duration of 3s and interval of 5s was applied. The physiological
saline solution (0.02ml/kg) was rapidly delivered via rabbit ear
border vein to each rabbit, and the rabbit liver was exposed to HIFU
using single pulse exposure 60 seconds later on the control side. The
enhancement agent for HIFU treatment as prepared in Example |
(0.02ml/kg) was rapidly delivered via rabbit ear border vein to each
rabbit, and the other plane of the same rabbit liver of the control side

were exposed with HIFU at 60 seconds later for the experimental side.
9
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ultrasound nonitoring system a therapeutic PCT/CN2005001391

tTansducer, a nechani cal =~ mbtion control System a
treatment bed and an acoustic coupling device. The
t herapeutic transducer of the System wth working 20

g‘lr %qﬁ‘l‘?fh%%u?f él%ﬂ%ungé LRI ‘%vhé'r?g, A rg@l]@ es occurred

Stance usi ng standar
deglas$mgewdt>eat1wt H Yage asmmgtayﬁﬁallee@yngtato be segoalthe

iﬂalg’%%pow;e ﬁragigcgrf ngugg esqq& rr?t é‘% |%(§2/ :Thre% 55163/3 after

HOIWIETER . exthiguké anseluetibitis ededen shhtlflcstiuﬁy vasaldin@mihe
in 25 diameter, and |t had fo stance of 135mm
Ro05 Ao dissaaitd. oG Vommodt) &b caiBuGie fevmnls of

9£b&QQWerT s%egﬁ%a dept b ptasyas204Ru1ABE dde8rding to the
di scont | nuous S e pulse exposure with exposure

e PSSO oEElgy UDR§ nwleeres, bireBtsuios thpErpegureibme and
|
—3@%0:‘[{?% ﬁ‘l%dlal’?%bf{ ‘{H:é E%Féo{v%g 6 918834 lff% ée@’kglgﬁélapﬂd%' Ind

I I've via rab bor der “vein
nab®d 3 , omnthet ke pesibbirttal iside. Sleoxpaseipiea Hhfklsum test

u ng Ise 0 0 sec nds.l.ater qgn the
chhvie: Zecad 3 BT Tl BSENR Poifi iy S tha
thEHABHY- c@ﬁocﬁf RBALISIbr NnExeaBs ethle eff@cﬁaﬁilééggbfmﬂﬂ?[} to
rapidly delivered via rabbit ear border vein to_eac

ICabEfF iésiang afibeoiahéit Hvare lof fachethrameanapbiie E|E\Fefrn the
Uk éﬁﬁ@t 10k 851' ‘i’ﬁﬁg’ss a‘é’eﬁﬁlc‘i}lxﬁ?stﬁg Wgﬁﬂ S%Efr’e aEP0in the

secon s Tater exper i nent al side.

E@ﬁbﬂhﬂ@ﬁﬁb@ﬂc&@l The uItrasound exposures finished

when gray-scal e changes occurred at the target

| ocation. If there is no gray-scale change to be seen,

t hanifal abst XPRslyren hsidid oNgsholler be no nore than
20s. Three days.after _ul trasound exposu

r abbilte gy é@um&nﬁf‘ébo%y ZRAEAKY RIS éfﬁesék‘!é Lkg were
RS, ZE@H ghed. wihe \Rphvae étv)thef @%@gab%ﬁ%nee%esr@m

|ver was neasur ed EF was cal cul at ed
aadndonebmgono thhedagxmfestbr:omtw A7highadensity focused

fers t eXR9s i- h '

T T R
t@lﬁ)@q}ﬂgl HamLal(mFdfé; T¥heobogy Slognied!. rank-wseh testdiate
8 sho d Z=-2.4 and P=0.013. The resuéiiys of Lé@
3beieky YETOW ERALS - Tio (RPAGRES B SO dhin SIS Fris, bakaw in
t(ﬁﬁm%ftére“atrﬂdVﬁrl@ﬁ:ﬁa%cH fdthRce %@L'l%llllfi?xs'a(?{%li@fngt ﬂ%quency

abbit Iivers. In fact, the nean of the EEF in
of 0.8MHz and an acoustic power of 220W. The exposure depth was
30mm, and a discontinuous single pulse exposure with exposure
duration of 3s and interval of 5s was applied. Ribs of all the goats
were not removed. A pre-scanning was carried out before HIFU
exposure and the areas for exposure including 4 planes were selected.
One exposure spot was introduced on each plane, and
two-dimensional ultrasound was used to monitor the rib clearance.
The physiological saline solution (0.02ml/kg) was rapidly delivered
intravenously via ear border to each goat, and the goat liver was
exposed to HIFU 60 seconds later and two exposure spots were
introduced on each goat on the control side. The enhancement agent

for HIFU treatment as prepared in Example 1 (0.02ml/kg) was rapidly
10
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control side is 4.81 tines as nuch as the nean efttR&0s00

1391

EEF TN The experinental si dé’ ™ I5 Anialr~tTest 2 Study
on | esions of goat liver Twenty Nanjiang yell ow goats
wei ghi ng 22. 25+4.51 kg were used. The goats were

tﬁ%ﬁ\égfie(f‘ I%ttrQ eﬁé&ﬁg ‘Hgigﬁb%qg?%t&gﬁé?ltggbaocuseg?égéeat liver

e stu h
b etsr e;smmﬂ Tou bl U Hex apmm?sde@ystaem vbalexpdure spots were

manufact red b nggi.p Hai f u 0
TS URERd e gt S S uRe R tpbRlal g d o rEneA pERly Reate
thangedloetutizddat thd Rrgestocytivasthkberpodures diaret@rcated
and it had § focal’\ﬁgzlll st ance of 135n%51 wor Ki n g
pREtiEnt P! ditpesMizthens B gHIEFFley €of0 DSgAReD, the
1561 %&B%%Ff@dﬁ@éﬁéh m&ul%ﬁb@QWho@@@ha% dpes: onhferwa%lﬁs after

Sl ng € pul se exposure wth exposure dur ati on of
ahidasourt vposurss thasgeasipl wetk srepdicsd and disecgissh sThe

WA £0ky [ BIFRE ) A PE GreSERN01 10048 68 AT iRH urod. The

sur e~ an HéF exp
BT Mthsn@xiéumtaﬁascmﬁhagstel tehetee‘nprese{mﬁ @Eﬁ)sﬂ pmlllerem

nt r odyced h 3
skl rodiced on cach, bl ans, a0, Sy g dreralonel e
RANaie! o8 GaE SektrHE s3@ Wnldos. (P0P2mL/ Be) ewpsrindhitdl Yside

delivered int ravenouslty via ear border to each goat,
anthg héh@o@pmbm@tlowaso eklﬂgébdatlé rﬁlwmwm’on@mulswn

'vaﬁ 1B6xBAC %lg%de@g{m %&Qtﬁl pLihpedyasd squggaglg?ws

S| de ancenent agent
IthﬁUther élatorremarhsnpfrmp]smexﬂ ﬂlgnﬁl«airm]}elrﬂm@@smﬁw lap)lity of

dl PCT/.CN2005001391 . .del d
TGI8 i 1OrTEal Barloby i MR BT o gl ribs of
gRatgoktyer was exposed to H FU 60 seconds |ater and

two exposure spots were introduced on each goat on
the experinental side. Wen gray-scale changes

oCaifG 1@ 3 g‘ﬁﬁfg%rg%m&?é:@f Egé‘t kltdhg%,exposur es were

repeated 5 anot 4 or 5 here is no
gray Tsrc@ntey dhamdgeng oy tléowegoats heeighonal 22xddshup kg were

L " o B B 20y 088, ORI P
dﬂbﬁ@ﬂ@drﬁdonThﬁe dalyuref (t‘b{}: studpaghl digheimensiogi Foalused
%ﬁ%asloiu%ar Tumorneﬁlselfgggutlc §ystem Model-JC manufactured by
Chongqging Haifu (HIFU) Technology Co. Ltd. was used to radiate
these yellow goats. The transducer used in this study was 150mm in
diameter, and it had a focal distance of 135mm, a working frequency
of 0.8MHz and an acoustic power of 220W. The exposure depth was
20mm, and a discontinuous single pulse exposure with exposure
duration of 3s and interval of 5s was applied. Ribs of all the goats
were not removed. A pre-scan was carried out before HIFU exposure
and the areas for exposure including 1 plane on the upper pole of
kidney and 1 plane on the lower pole of kidney respectively were
selected. One exposure spot was introduced on each plane, and
two-dimensional ultrasound was used for observation. The right ribs
were avoided if they become obstacles. The physiological saline

solution (0.02ml/kg) was rapidly delivered intravenously via ear
¥
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EEF was cal cul ated according to the expression EcEckos5001391

hI 4, wherein, 10 T refers to the exposure tinme and
r1=0.7. The nmedian of EEFs was infinite for the
control side and 5.1904 for the experinental side

Ll'ﬁirﬂ@r E@%a@vﬁﬂa@ahh@ﬁh@f gk i aed VHSUQR?O.&EH ROMIEFU under

emul si on coxon si gne rank-sumtes showed
pigleopul smescp%uﬂ@/ Khowsongdpatateheott | ther 6oatiohoside. The

f t f
e paReRL Al B T L EGRRR 37 A apbled i Exdmge 1
lCQO &Ziﬂl/kg%)swasﬁ delif(lheergdafrzqnd?nlm’\gia.mestw@ Staidgarohorder to
t t
S5 b o386 TR S RS BRERYR et
soavRe @ipdrhfchiddidboswRe@ngdal e alé Qﬂhtangabdmmﬂr@h at the
the day of the study. A H gh-intensity Foc

(hrsASOGREOT R CXREFBISEUVFES S%@@ﬁﬁl\ﬁ&éﬁﬂﬂé or 4 times. If
E‘féf ?SCBUL@%JWCMQ;?{A% ént% isbbn ( 'Efflé:%ta-f%g@'@@{lpfgﬂu%ion

to r ese yellow goat
tsrhanbcbl beeno userk ithan HlS@SSflﬁdye \Ahsfslmmuﬁtmaszaﬁlnd exposure,

anmeter, and it focal gl st 13

?k.ai?gt%rg&a%néemglrcee MR disStanas She WG, (g of
ﬁ%@\g\a lakhe: Q?@@@Mfse?ﬁegﬁdll e y2 an Iﬁ@éﬂ:‘gﬁed The EEF was
i sconti puous singl e pul se exposure h/exposur e
Faleiptil secrding o ithe &rPaFsss nsg%wa@b. IO, pls Tpfers

ab! tHeh [9(95%‘% LR sn@gb 0 eMoMed EEF PRAsr8CEM 58@S .95 for the

carried out fore H exposure 30 and the areas for

@qu@sum@mah@udmuang 48@35#@1&% Her dhpeoniuiesige. Wilcoxon
I Q ol

SRS, O TR SR LRA KONRI0P0 MOTANENT s stuay

iinticadeichat tre eaclropdaaben anl submcgrdaﬂgnsmomled the abihty

\mt}g?}g@und was 1used for obse vatgg The . ri B r
oiodeR e [SS S BeRoHBaLBLE e el the Hean o

Rh%SEEJF egitRalcop@ldINedS%s aRirktthan 4((ptlﬂ'?é§ﬁ€h|é9heﬁ\ﬂ$)f the BEEF
rapidly delivered intravenously via ear 11

PCTheX2@e500aB9] sidtor der to each goat, and the goat
ki dney was exposed to H FU under single pulse
exposure 30 seconds later on the control side. The
enhNﬂHéS‘é’RIf’algehPPldCABFLlTYeat ment as pr epar ed in
Exa red [ api

h e o flbgoyab ik et SXEAEEAERL Stdent, fop  JITFU
geedtnidrdneyf Wi eppesed tlﬁvbﬂlﬁbh6Q:'cﬁ‘BC@ﬁQ§gé atle¢ acoustic

environment of the target location greatly and can reduce the acoustic
energy needed to cause lesions of a target tissue (tumor and
non-tumor tissue) per unit volume of the tissue during HIFU
treatment. Accordingly, deep-seated and large-sized tumors can be
treated with HIFU treatment more effectively under a certain acoustic
power without damaging the normal tissue along the acoustic
pathway. It becomes possible to use the enhancement agent for HIFU
treatment of the present invention to effectively treat patients with
hepatic tumors that are blocked by the ribs without removal of the
ribs.

Although the present invention has been described in connection

with the preferred embodiments, it is not intended to limit the scope of
12




for the experinmental side. When gray-scal e changescn2005001391

occurred at the target Tocation, the exposures were

repeated another 3 or 4 tinmes. If there is no

gray-scal e change to be seen, the total exposure

‘#Hé ?ﬁé%t iabewich be AR aARER HB?&}&?’&% off fi&enttABments. It
ul trasound exposure, goats were

§hou o b@e-dl(h)ﬁﬁoédsté‘!@ttV@ﬂIOWHQOdtﬁQﬁﬁ@n(S\QHCbﬁhaﬂgeS to which

| Si f e
R B BRI Bl P PR AT e TEREMY el B o
th&ye skitledennhe artr 8fter slaithe ardantenqod tr eovémheassdpe of the
r1=0.7. The. EEFs were 10.583.95 for the experinental
§V8%“5ﬁHV%§§”S7215 41 for the control side. WIcoxon
15 signed rank-sumtest showed P=0.008. The results of
this study indicate that the fluoro-carbon enul sion
greatly increased the ability of H FU to cause
| esions in normal goat kidneys. In fact, the nmean of
the EEF in the control side is nore than 40 tines the
nmean of the EEF in the experinental side. 20
| NDUSTRI AL APPLI CABI LI TY The fl uoro-carbon emrul sion
enhancement agent for H FU treatnment of the present
i nvention can change the acoustic environnent of the
target location greatly and can reduce the acoustic 25
energy needed to cause |esions of a target tissue
(tumor and non-tunor tissue) per unit volunme of the
tissue during HHFU treatnment. Accordingly,
deep-seated and | arge-si zed tunors can be treated
with H FU treatnent nore effectively under a certain
acoustic power w thout damagi ng the nornmal tissue
al ong the acoustic 30 pathway. It becones possible to
use the enhancenent agent for HFU treatnent of the
present invention to effectively treat patients with
hepatic tunors that are bl ocked by the ribs w thout
renoval of the ribs. Al though the present invention
has been described in connection 35 with the
preferred enbodi nents, it is not intended to limt the
scope of 12 PCT/CN2005001391 the present invention
by the above descriptions of the enbodi nents. It
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shoul d be understood that various nodificati ons rantnN20050013%1

changes to which the present invention nay be
applicable will be readily apparent to those skilled
in the art. The clains are intended to cover the scope

of Wwhen ¥ 1 eIentMmpeay:i on. 13 PCT/ CN200S001391 WHAT
IS CLAIMED I'S: 1. An enhancenent agent for high

intensity focused ultrasound (H FU) treatnent,

wher gi nAntet}ﬁla%% ﬁi’c‘fl‘?%t%ﬂﬁ g‘éﬁofméhﬁ‘?ﬁ i%cuéed jultrasound

di scont’i huous phase a core’ nater
thdﬁﬂ)}s)ultm&tmdm aw hrerdina nihvef (Imhamgenwner agbnt am;dnprlses a

nti nuous se co se ue
S it B R ST et PEe P CEH EE G RDsEed by 2
Qﬂ&h'fb@&@el&oﬂﬁﬂﬁf AaeriNe @ bi ebetinlides gfhdskecomprised of
di sconti nuous ase ranges fromO0. 1-2m. _the anpunt of

tahaeeﬁeﬁunaﬁelmomﬁ dasGRRtEYQHS Pbass 13 He i Enmalyc Epdsesed in
qggr&tontqw Js;#%%/én tihe %Pﬁ@lle”ﬁtzgc?faﬂhe' §1sc89ﬂﬁﬁbﬁ§%hase

un ergo i qui d-gas phase
treagss fian Gt -238; 100G manat Dﬁehannambr@me{fhemmg enateriai

n t he enhanc rrent t 20 /
e b nsnbntRe SoRPSTas: & R LY i 160 apaferid
tdaﬁnpldse@@iﬂa higeus thhasadbagosa @arquldL@sspheser angisidon at
from O?l & The enhapcement agent. ccorgl neglh
3l DL e dien amuintae & dosaoRE d étea fag ehancement
p(%?ihltqég Sh@ginanging fromo0.1-0.5m 20 4. The
ancement agent according to claim1, wherein the

menbr ane- f or m ng rmterl al is one or nore substances

sel ecf exflhglrgma coI | g@ﬁ'ts'aﬁégﬂgngf PRespiol | Qvlﬂzreln the

chol éster i'de e enhancenen
&ge&@ntaﬁ@msjphgsd bas:hepamtlél ¢ wherrehpitgh&om 0.1- lum
menbrane-form ng material conprises phospholipin
selected froma group consisting of

3- sn-phpaphai hhdeehait Beent accordmﬁ to claim 2, wherein the
1, 2-di pal mtogl -sn-gl ycer.o- 3- phosphati dyl gloycerol
gijaq:@hﬁlglaws phase has a’particle 51ze rangmg from 0.1-0.5um.

1, 2-di st ear oyl - sn- gl ycer o- 3- phosphat i dyl chol i ne,

sodi um 30 1, 2-di pal m toyl -sn-gl ycer o- 3- phosphat i dat e,

1 2 di. pahmi exdyanmegityagemt- 3cpbubipgata dyhichol j weherein the
me rzlgltle %ln%?ng Material is one or more substances selected from

a group consisting of phospholipin, cholesterol and glycolipide.

5. The enhancement agent according to claim 4, wherein the
membrane-forming material comprises phospholipin selected from a
group consisting of 3-sn-phosphatidylcholine,
1,2-dipalmitoyl-sn-glycero-3-phosphatidylglycerol sodium salt,
1,2-distearoyl-sn-glycero-3-phosphatidylcholine, sodium
1,2-dipalmitoyl-sn-glycero-3-phosphatidate,
1,2-dipalmitoyl-sn-glycero-3-phosphatidylcholine, phosphatidylserine
and hydrogenated phosphatidylserine.

6. The enhancement agent according to claim 1, wherein the

amount of the membrane-forming material in the enhancement agent
14
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and hydrogenat ed phosphati dyl serine, 6. The PCT/CN2005001391

enhancenent agent according to claim1l, wherein the

35 amount of the nmenbrane-formng material in the
enhancement agent 14 PCT/CN2005001391 is 1-50g/L. 7.
T@@,ﬁy@@]cerrent agent according to claim®6, wherein

the anount of the nmenbrane-formng material in the
enhancenent agent 5 is 5-20g/L. 8. The enhancenent
agent; aﬁ‘fé)réﬂkﬁglc%@]e‘ﬁltaéc%@rﬁ’ a fd‘?%@ ttoh%leﬁﬁr[ %, Wcetinlhe
is oné or nore substances selected”fromthe dgroup
aansirgt 0 Hthe oierdbra@&- & toaings nwateriab41CitRe enhancement agent
flua h/ drocarbons. 10 9. The enhancenent agent

é%gb#@g to claim8, wherein the core material is

sel ected froma group consisting of perfluoropentane
and _di hydrodecaf | uor opent ane. .15 10. The enhancenent
agend- ddCopHiAGeMEEIagemt ACCRFENGI 1 GIAET lank RECIBAAE ore
ﬁit‘é:riﬁ?t@roﬁ@ or MokB8uBENARES TR 1EFF Y m! tfze_]g}b%lgodﬂl{sl'rsting

e enhancenent agent according to claim
wiid? e Cp alkenemondCsof 1 Aaocohpdingrebord. in the
enhancenent agent is 20-80ml/L. 20 12. The
enhancenent agent according to claim1, wherein the
aquedu g heeeh lumdiesn s myeins ed cof didigstioi ¢ lkad 8yavkerein the core
physi ol a icil saleé{ne solution or glucose sol uti on. 25 d
TAAtCTRd 18 vATdE 91%6e$1‘i0%88Pa'i5H§gt% RRYIgHopsplane an
elirbd®dbedBuoropRathied the enhancenent agent contains
an enul sifier in an amount of 5-150g/L, the

emul sifier is selected froma group consisting of

et hylygn ycol - - . ACI re, :
o oY T S PR C R (GURYy R AL F, phercin the
dinedumtl @hehegt yreain atirialli- the- detanccawind ag@néss ébs] 00ml/L.
triethylene glycol nono-Cl6 Is-fatty acid esters,
sorbitan fatty acid esters, polysorbate, polyethyl ene

gl ycqllhﬂm@hIetﬁhgﬂléaﬁe?p@gmwﬁtbttsfdhiﬁ?ezd auiat €0, wherein the
- sn- phosphati dyl chol i ne, pol yethyl ene )

Gaentod (15 epie BAETHY deihe sRAAKE N} dgienhéh 20ofal/L.

bl ock

12. The enhancement agent according to claim [, wherein the
aqueous medium is comprised of distilled water, physiological saline

solution or glucose solution.

13. The enhancement agent according to any one of claims 1-12,
wherein the enhancement agent contains an emulsifier in an amount
of 5-150g/L, the emulsifier is selected from a group consisting of
ethylene glycol mono-C4 5-fatty acid esters, diethylene glycol
mono-C . 5-Tatty acid esters, diethylene glycol di-C,¢. ¢-fatty acid
esters, triethylene glycol mono-C,,. g-fatty acid esters, sorbitan fatty
acid esters, polysorbate, polyethylene glycol monolaurate,
polyoxvethylene laurate, 3-sn-phosphatidylcholine, polyethylene
oxide/polypropylene  oxide/ethylene glycol non-ionic  block

copolymer, fluorosurfactant, and cholic acid.
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copol ynmer, fluorosurfactant, and cholic acid. 3BCTEN200500:39]

PCT/ CN2005001391 14. The enhancenent agent
according to any one of clainms 1-12, wherein the
enhancenment agent contains a stabilizing agent

conpr i siThe &ﬂfé?@)éﬁf@tt%@e@@'a'cubﬁﬁﬁgsmdémn&hﬁ Eabupti-12,
of the carboxynethylcellul ose sodiumin theb, ..
] Apcement Gagnl 1g@ataings a TR ilizing agent

stlvanice
nt ' e j 1412,
R e RSP CLIT I SRCe O RuBbRe of2the
agentx yootipd celinkpsgl yomhinm  tihe wouanhaicamhentyl pgeni nis
pnqltl?ﬁ) (ﬁe]hancerrent 10 agent is 5-100g/L. 16. A nethod
of i'HEr Basi ng acoustic energy deposition at target
| ocation during H FU treatnent, wherein, the nethod

conpri_ses: dm ni stering the enhancenent agent, .

accot di _rQ@et ‘é)‘ﬁ%?we&??é“cﬁg@%é acFRrdR1torany Angbleslenusi bid 2,
daR30R) | Thé AVRMAHEEMcHE @ GRALT RASInNth  kBMifzIng agent
instillation or bolus injection to a patient at_ 0-30
pompresngbghyscein; Heeappbieaoil dheogl aEHD ty & eehangement

%Egn{@rgﬁlt%do%;zigtion of a patient. 20 17. Use of a

gor o-car énul si on ul trasound contrast agent,

which is used for preparing the enhancenent agent for

H I:U16F Efxe%%et r(])td'fo%(%ncreasing acoustic energy deposition at target

location during HIFU treatment, wherein, the method comprises:
administering the enhancement agent according to any one of

claims 1-15 in an effective dosage intravenously via continuous and

rapid IV instillation or bolus injection to a patient at 0-30 minutes

before the application of HIFU treatment to the target location of a

patient.
17. Use of a fluoro-carbon emulsion ultrasound contrast agent,

which is used for preparing the enhancement agent for HIFU

treatment.
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