ULTRASOUND CONTRAST AGENT DOSAGE FORMULATI ON
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the movement of the ultrasound contrast agent itself is particularly important.
For example, a distinct blood flow pattern that is known to result from:
particular cardiovascular abnormalities may only be discernible by

25 administering the ultrasound contrast agent to the bloodstream and observing
either blood flow or blood volume.

Materials that are useful as ultrasound contrast agents operate by
having an effect on ultrasound waves as they pass through the body and are
reflected to create the image from which a medical diagnosis is made.

30 Different types of substances affect ultrasound waves in different ways and
to varying degrees. Moreover, certain of the effects caused by contrast-
enhancing agents are more readily measured and observed than others. In

selecting an ideal composition for an ultrasound contrast agent, one would
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fluorinec oa'él%{irrf—ieﬂgapsulated microbubbles have also been described in WO

25 80/02365 by Rasor Associates, Inc. These are formed by “coalescing” the
gelatin. Gas microbubbles encapsulated within a shell of a fluorine-
containing material are described in WO 96/04018 by Molecular Biosystems,
Inc.

Microbubbles stabilized by microcrystals of galactose (SHU 454 and

30 SHU 508) have also been reported by Fritzch et al. Fritzsch, T. et al., Invest.
Radiol. Vol. 23 (Suppl 1), pp. 302-305 (1988); and Fritzsch, T. ef al., Invest.
Radiol., Vol. 25 (Suppl 1), 160-161 (1990). The microbubbles last up to 15

minutes in vitro but less than 20 seconds in vivo. Rovai, D. etal., J. Am.
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suggested the use of fluorinated gases to enhance imaging as compared to
air. U.S. Patent No. 5,393,524 to Quay discloses the use of agents, including

25 perfluorocarbons, for enhancing the contrast in an ultrasound image. The
agents consist of small bubbles, or microbubbles, of selected gases, which
exhibit long life spans in solution and are small enough to traverse the lungs,
enabling their use in ultrasound imaging of the cardiovascular system and
other vital organs. EP 554213 by Bracco discloses the use of fluorinated

30 hydrocarbon gases to prevent collapse of microvesicles upon exposure to
pressure in the bloodstream. WO 95/23615 by Nycomed discloses
microcapsules for imaging which are formed by coacervation of a solution,

for example, a protein solution, containing a perfluorocarbon. WO 95/03357
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25 DEFINITY® (Bristol Myers Medical Imaging) consists of

octafluoropropane containing lipid microspheres where the lipid shell is
comprised of the phospholipids DPPA, DPPC, and mPEG-DPPE. Each mL
of suspension contains 1.2 x 10% microparticles having a mean diameter in
the 1.1-3.3 micron size range and 1100 ug of octafluoropropane. The agent
30 is only approved for ventricular chamber enhancement and not myocardial

blood flow assessment. At a bolus dose of 700 pL (for a 70kg person) or
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provide images that last for well below one minute for the myocardium. An

agent which can provide enhanced image durations exceeding one minute in

the myocardium and/or greater than 5 minutes in the ventricular chambers is
25 desirable.

It is therefore an object of the invention to provide a dosage
formulation containing microparticles that provides enhanced images and
images of long duration, particularly for cardiac applications.

It is another object of the invention to provide a kit for administering

30 the dosage formulation containing microparticles for use in ultrasound

imaging techniques.
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embodiment of this dosage formulation, the suspension contains 1.0 - 3.5 x
10° microparticles /mL of suspension or 25-50 mg microparticles/mL of
suspension with the most preferred concentration yielding a suspension

25 containing 1.5-2.8 x 10° microparticles/mL of suspension or 30-45 mg
microparticles/mL of suspension. In a preferred embodiment, the
microparticles have a mean particle size less than 8 microns, most preferably
a mean particle size of 1.8-3.0 microns.

In the most preferred embodiment, the gas is CF4, C2F4, CoF¢, CsFs,

30 CsFg, C4Fs, C4F 1o, or SFg. In preferred embodiments, the gas is n-

perfluorobutane (C4F o) provided in an amount between 75-500 pg/mL of

administered volume of microparticle suspension; preferably the n-
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25  diarachidoylphosphatidylcholine (DAPC), dibehenoylphosphatidylcholine
(DBPC), ditricosanoylphosphatidylcholine (DTPC),
dilignoceroylphatidylcholine (DLGPC); or a phosphatidylethanolamine.

Most preferably, the synthetic polymer in the microparticles is
poly(lactide-co-glycolide), with a lactide to glycolide ratio of 50:50 (i.e. 1:1)
30 and a weight average molecular weight in the range 20,000-40,000 Daltons,
and the hydrophobic compound in the microparticles is DAPC, in a ratio of 5
to 6.6% (weight DAPC/ weight polymer).
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incorporated with the polynmer at a ratio of between

0.01 and 30Q0% (wei ght |]jpid/ weight polynmer). In a,

parti cul ar F§e éﬂsesm@alag%wkémwwﬁw 3 Yiakpriagsyringe of dry

di ol ' ' ; . :

di ny MC%E Pgﬁg@%@%&é}ﬁ% LJ(I}[%i %rgggg%\%lash’ldmg a solution for

di peneadpemtiny thehwismipattictbgl diypiceletheBRRIRCEyringe of dry powder
di | aur gyl. phosphati dyl chol i.ne (DLPC), .

di pal \pﬂ‘f]{ el %EIQB ﬁﬁ(!‘:l lgms CSH%E} ﬁtsns&lg%rmg%éﬁl‘,[s to make the solution

di 5t 635 LNRNPIRAGMiE gﬁéﬁ@@n‘sﬂﬁti&@@% ’Cc:l)osage formulation is then

di ar achi doyl phosphati dyl chol i ne ( ,

di be restnuigistemesbioreetidi to fho liinaged WBRISKtion, either as a bolus or an
di tri.cosgno I hos?h ti.dyl chol i.n% (DTPC),

di |1 GRECBPRYT PRI g PRI Ao iiePe) . or a

phosphat i dyh&ihireiradts e ubdrst inRrwatiefyad dlagnofie imaging
synthetic polynmer in the mcroparticles is o

pol y (#raeqdutks-induding sbaseayd imgging, mapegiicirggonppce imaging,

glycokide rati f X " : i ght ..

o7 Bl scoBi e’ ankfesmibidriBt cop dea@ s Phaflc i vere
Dal t osted anelididie tinl€lfop phvdivlegycappiicativths isicH &emyocardial blood
rricrgiﬁ@articl es is DAPC, in aratio of 5to 6.6%

 (wei ghew pRPETMeRE PR CIFRT WP PREEIIBREHE - or nul at i on
may be provided aSDeflaﬂ%cﬁ)eﬁﬂ‘ip?ioﬁyorf'tﬂ?fn\%fnrigé.y powder
containing mcroparticles or 'in a Kit including a
sol uti on fhiproesimphods, agelopartivies,rkifsaard ddsege formulations for

81 e Srasine weienc e St < o misvinetiold srpeetibin
sol ut Qéﬁgfség’gip%%ﬁc @lirabSipl %hgingfagﬁicaﬁgﬁg Badichiably R -

Thi s ation is then"admnistered to a
pat i ewltragcomb @rocedgresisuh ais bjcedtviesse] ined giheandaschacdydiogeiphy

or an ipjection.o period of up to 30 4/ nytes. The
i cr oBahes GegdL blped AR ssiessont Papudl Bots kime,

| Magi NdeRmeReHARAricORk UEiniKEr ehhdmembmd | magi ng,
magneti ¢ resonance i nmaging, fluoroscopy, x-ray, and
c@fipul. ebefimitionvnogr aphy. The microparticles were

such as mysesnisraly beb Bt s S chldRgRBliia one

ventr *rﬁiék@bh@rb@@ﬁ“‘nﬁ&b@%ﬁﬁlwn tas wtltagotiRd nldaspartiples,ainless
of the Invention | nproved nethods, mcr o%ar ticles,
ki t s, othervispospggidiet.o opettigles myag or may not be spherical in shape.

“Microcapsules” are defined herein as microparticles having an outer

25 polymer shell surrounding a core of a gas. “Microspheres” as defined herein
can be solid polymeric spheres, or porous spheres with a honeycombed
structure or sponge like structure formed by pores throughout the polymer
that are filled with a gas. Some microspheres may contain an outer polymer
shell with a honeycombed structure or a sponge like structure formed by

30 pores throughout the polymer shell and the pores are filled with gas. For this
type of microsphere, this outer polymer shell surrounds an internal core of

gas.



ul trasound i magi ng are descri bed herein. The

m croparticles are useful in a variety of diagnostic
wahkoesasesnd | magi ng appl i cations, particul arl yPCWUS2004/017813

ul trasound procedures such as bl ood vessel inmaging and

echocar di ography such as nyocardial blood f]ow

assessmentAs gynstalydised hespisothe jermsnosass aadrednse apg used

ventrjcul ar ¢ : Lt :
v A 38y PGSR B Bt B one e
I ncl ugelse afb@itos plitetmse thand réquirdas pasiutedic desisedrdibdnostic
as other mcroparticles, unless otherw se specified.

M crd%éiptl‘ir%ﬂtéﬁg%y or may not be spherical in shape.

M cr 0capsil 2. 1t 4 fefiftd0RAEE Rty {Bhe FABRT b Aoy
havi ng an “outer pol ynmer she urrounding a core of a
gas. dJtMreoatijlee sudl'asasydefd, ceataingrgeone aramorb dosages of

| [ her.es, her. .t h
hon e BBHERS TRk ia PEdiFe T siied dikgnostis tt st eSieRed
by pores thg g&&pﬂwu%@ﬁer@ﬁl YOREn biRpatRi® fefdrs fCh Wirfiduld

gas. Sonme m crospheres may contain an outer polyner

shel largd ¢rrpoatitookihe patixat Bt soust instanass “eegspmtgmmtk gefers to
structure forned pores t.hroughout the palvner shell
o oo e EPul e BRA tafif: e bles bF FyghedifBLad i

M cr QspRBhfy rédibs tRYESroRRdsiEre bR the Sattiovbsdtar adgion

internal core of gas.As generally used herein, the
t er m(inchusiagyaryoeardiat Hesge or myecardizm @y nneyiraussie), yegtricular

f t 0.t h f is.qi
B AP, Gy RBRC ) Ml
t o prifdygegibhs; tidars,egardiaad tedikesinofudagnthe asfcuidre ahd

As used herein, the term"dosage fornul atjon" refers

t &5 a cifcalatery spytpp. adias AicHap distirisd Aissug, Wiphidigecancerous
cont at nj. N0k j 3

Co pridute Tl P HAARS, £ SURRLAREEE R B8R
As gewizh dldgyodticdthapiapeiThe *“reg@inarf aqfatientf at preferdbly eftensl,
to a particular area or, portion of the patient, hi
sone dlthonghitanay beitghalof patient” refers to regions

t hroughout 5t ?ﬁne@ﬂbj 1is8d RérelBRlascult AEP 48R0t bISHE Pessels

regions are the pul nonary region, the gastrointestinal

r 80i ofipcluding ederiispvaiss; vhptariesgnd the(likeg! udi ng

\%ﬁf ralr Shala@ts igglfelflaﬁlyolgse et ‘dgialsjt%il(lge'st?ﬁal ?eeg%r}” inc %&'ﬁﬂe region
defined by the esophagus, stomach, small and large intestines, and rectum.

As generally used herein “renal region” refers to the region defined
by the kidney and the vasculature that leads directly to and from the kidney,

25 and includes the abdominal aorta.

As generally used herein “region to be targeted” and “targeted
region” are used interchangeably to refer to a region of a patient where
delivery of an agent is desired.

As generally used herein “region to be imaged” and “imaging region”

30 are used interchangeably to refer to a region of a patient where imaging is

desired.



chanbers, atrial chanbers, valve function), the rena

region as well as other body regions, tissues, organs
wanastikessyi ke, including the vascul ature and PCT/US2004/017813

circulatory systens, and as mell as di seased tissue,

i ncl udi ng cancerous t| sue.  "Region_ of a patient”
i ncl udes, A@,ge ?1?1'@51 d’ﬁ@tr{ck}labélqoﬂﬁh’&joweﬁlﬁlcular

di agngaiy =T EP@L cgoam&@mhw tricles of
preferab |nterér%]gtfnt &??rﬁ oug %rpér%@o xter nal RS ©
generthbhyarmﬂdwlmrrmracardws@ubM ure" denot es bl ood

Uhe T key  Angeit e Gen Feisbio il plicd kot 1t e ot
" €8 Oflod ﬂﬁé&%@ﬁﬁe aﬂﬁ dreel RArtde bhostbic dhacaRpRagUS,

st onmach ge I nt esti1 nes, and rect'um As
gener al | y Ase@leheél’yeusnd pl@mafmm@grdmi ‘blgast v refers kethe flow

| cac itk ige Yol bERFHETInilE oY AR furhihe te

the aﬂd@dﬂféb@éls apfhb diearfiSn 986 6f Mblcycaufigticepdsei n "region
to be targeted" and "targeted region" are us

| nt er changé%@q?fy:f%lb’ ysed dpreiny ‘mayqcargial lesd \@hﬂmf @,ﬁqrs to the
g"
d oglﬁlé% }éfef)%og nﬁl‘g v%&%’fgtuﬂe%f ﬂ'gasﬂeaﬁgnusAise oq(?'ﬁ}gc{ r%lédé‘%{m
ar e used ing gé@hﬂr}gﬁaﬂ)h&retrﬁ caﬁﬁaifcyb&”aeibﬁ;gbmoﬁfpléte
patient where i.naging is desir enperal Iy used
her ei §Pnireeiile prried ok the heast and dplusles b@f%tﬂa? diastale dmxpicle
enhanﬁgeﬁm " refers to the flow of bl ood through the
ventr s of the heart in one or nore cardi ac cycl es.
As gener al Ay gereeadlyheeé herefratinéredsed brightnéslsﬁméfersetb an sncraase

fl ow of .bl ood.through the tr|a of t rt.in
OR8PS DLt Mt o MBS b e ares SRR PP

WoclﬁfrggoﬁthbMtQ%&W refers to the flow of blood in
the vascul ature of the heart nuscle or nyocardi um

i ncl udi ng Ahgersralydusee bersins“einhartché ithage’ trf;fersntoanémege which
nore car.di ac cles. gener al.
oo daTop BEER e ATEt S QR iheh ST ABg o gy vtrasound

bl 00dconktaéthgemascul ature of the heart nuscle or

nyocardi um As generally used herein "cardiac cycle"
réfers to Aseoepilbtused herein “duration” refers to the total time over

which increased brightness of an image can be detected.
As generally used herein “coronary vasodilator” refers to a bioactive
agent such as dipyridamole or adenosine which, when administered to a
patient, causes dilation of the vasculature in the cardiovascular region.
25 1L Microparticles
In the preferred embodiment, the microparticles contain a polymer, a
lipid and a perfluorocarbon gas. Microparticles may consist of both
microspheres and microcapsules, or only microspheres or microcapsules.
Polymers
30 In the preferred embodiment, the microparticles are formed from
synthetic polymers. Synthetic polymers produce microparticles that are
biocompatible and are not contaminated by biological materials.

Additionally, synthetic polymers are preferred due to more reproducible
10



contractile period of the heart, and includes both the

di astol e and systole periods. As generally used herein
woizmsrieesed bri ght ness” refers to an increase PATHISE004/017813

bri ght ness of an image conpared to an i nmage obt ai ned

w t hout an ultrasound contrast agent. As generally

used yathesia angdegrpdadignibetiyievitreped & wvp. abhe exip selpeted

has incLeas ﬁfé thd &H&E’&Fﬁr telRb bt\éﬁlhﬁ;? }.@%Hagg%grgﬂliéd%fj

w t hout an trasound contrast a
used digribition Withasitcowhere &hegiag isodetsiﬁed tand dle timerfequired for

ot ecmegEAyGieEF B gtylrgf&séa? he e if@%?remadimmmpamcles
vago thﬁ‘Hﬁfererft fSfeftids Qe QafG0E Ve RUE GHd@$ functional
d V\%en ad n

di pyridanole o en03| e whic istered to
a patgrewps). causes dil ati on of the vascul ature in the
car di ovasclgl ar re | on.

t
et er f o SGEMAENE Vrhesc AbRTR At bl dboaefisuch o
pol yngily la%tlt: laBidyl RRRgR MRS 5(:'1&)0{1 %dl?@éf&t@%&d-co -glycolic acid),

Mcropar icles ha COI’]SISt of m cr ospheres” and

m cr opayEpeadisies, polydant emp@lyélgpm@@sgldpolm cordpuelsand

by TRl otk RS PG Er AR, FEShmided polyearbonates,
Sy nt h}ﬁﬂyeﬂkﬁ@thdé RBEIBadiodgiB e A1dQRAYHrb 1@& Eblghlkﬂeﬁe glycols

bi oconpati bl e and are not contam nate i ol ogi cal

mat erjugh &s palthylensalyspl), oolyabateane oistsiwﬁlt«‘-hsas #ply(ethylene
fe
Feor o) st ihh T8 SR QELAL BER YRt BER LB ke.

sel ecda@ﬁblhxﬂa&c)l defivhiinges] copelymnss! amdebleﬁdsrthemoﬂl A(s)used hereln
st ab t hat tlmareqwredfor d| t.ribu

£ 45 bt htbreihbbide palyime %W%%qbﬁww%%aa ljgng phpbemical
requl n |
3 85 SRR U R B O, A o i

pr opembdifisatfans goutitelngadgbyrthosc skilked mﬂh@m an d/ or

Ut o AR R PRI 5, IS BuEbYTBLS o

poly (1951&&@ dc5dsBebK hs 1a8fdadi@hid kRS CachE; Ip@mmﬂhyc olic

a(,:’ZIO )polyglycohde poly(lactide-co-glycolide), and copolymers with PEG,
polyanhydrides, poly(ortho)esters, polyurethanes, poly(butyric acid),
poly(valeric acid), poly(lactide-co-caprolactone), blends and copolymers
thereof. The most preferred polymer is poly(lactide-co-glycolide) with a
lactide to glycolide ratio of 50:50 (i.e. 1:1) and the polymer having a weight

25 average molecular weight in the range 20,000-40,000 Daltons. The weight
average molecular weight (My,) of the polymer is the average molecular
weight calculated on the basis of the mass of molecules with a given
molecular weight within the distribution of individual polymer chains. My,
can be determined using gel permeation chromatography (GPC).

30 Hydrophobic Compounds

In the preferred embodiment, the polymer includes a hydrophobic

compound, as described in U.S. Patent No. 5,837,221. In general,

incorporation of compounds such as lipids which are hydrophobic and in an
11



pol ygl ycol i des, pol yl acti des,

pol y(l acti de-co-gl ycolide) copol yners and bl ends,
weoabosanésgdr i des, pol yort hoesters, pol yam des, PCT/US2004/017813

pol ycar bonat es, polyalkylenes such as pol yet hyl ene and

polypro | ene, alkylene gl ycol s such as

pol y(&fastive n@ogmt 3 thegasilyrafmey] F@H%P@)@Fra%@l 14y uptake of

pol y( I oF : (
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"derivatives" clude ggg@ners h lng substi tutions,

addi t PERRCIEHEAS coafai s 2 symhetisaaiymer andiagas
al kyl &ﬁ%t)suifb)féjd ﬁ’%béﬁr?teb ﬁt;l]'ggﬁoﬂﬁ&tb §ses§£@12ﬁ Pﬂuorocarbons

modi fications routi’n e by t
art. Epzmpzl/}ash mfay be efs@ruoeswbliim@g rmdhkjhepqﬂgmy:ner s

e B HTE Sfth OTOH S5 Ry RS b S
pol y mgl 'a@'ﬁs ﬁﬁ’d Qér%ﬁ{/ésdﬁﬁonoﬁ@@aﬂ@@@l%@ﬁﬂ& ?h&s@h&iﬁﬁiis
pol yanhydri des, po y(ort o)esters yur et hanes

pol y( sphu&gollpldg,gql@)estepmapq vtgraad dgrl‘gaélwgg terpenes and vitamins.

pﬁé?’élo? ot ITﬁ Y&%ff aglfl gi]erg\?t lgvgse %Fe%@qa%sigc u&ie gl?t%?e ¥3Giited to

pol y(dabghied and an@lursted i) acidst bddaddasich damber fatty aoids,des
ratio of 50:50 (i.e. 1:1) and the polyner having a

wei ghandafians aspancin lead fatiraciddagivetives inplading alpehols, esters,

e oS Ry A bR RS

wei g hﬁnsa’ﬁllraied &ttt@dtcmlﬁ thab endyarigedinctude, hsmaﬁ: it hmlted to,

molecul es wt i,ven nol ecul ar wei ghf wt

dilst rlian?FP]SﬁthéF bR debrnd2 casqoyr@m%m %carﬁm e peither
det er %]c]im

Hydr 0 rrpou spIE{% iﬂéé gfpseﬁgr rﬁtﬁﬁgﬁﬁﬁy@euwd

pol y nmclulda,djuu desno hhmdd &g Radricg myoinido pabipitiesandesssaric beids.
in US Patent No. 2 er al

| oot BAFBRFOR WRS BTk 400 a7 58 PF preikinghife s not
hydr ophibd & Bise, physaeict ﬁﬁ?lk%fél@?ﬁlﬂﬁl’{ol%tﬂtﬂ@sélﬁﬁc and oleic

pol yners, |imts penetration and take of water by
t B8 nacidso ;faqampdﬁsezf beanghedhiatly larids that gay beased include b are

This L.s effective,i r.ea

v OB e isctfle, it B oGty 5 iSORaRE abid§ and

M cr opafrehditie SFdtyalciddiivaiivesandlugd -((@7’sdivthbRidifocoumarin-3
pol ymer and a gas_encapsul ated therein, especially

f I uor Yhrarheaymethylamiap)-aefadssanqic avigMrlhdns.

(((7°diethylaminocoumarin-3-yl) carbonyl)methyl-amino) octadecanoyl]-2-
25 aminopalmitic acid, N succinyl-dioleoylphosphatidylethanol amine and

palmitoyl-homocysteine; and/or combinations thereof. Mono, di and

triglycerides or derivatives thereof that may be used include, but are not

limited to molecules that have fatty acids or mixtures of fatty acids between

6 and 24 carbon atoms, digalactosyldiglyceride, 1,2-dioleoyl-sn-glycerol,
30 1,2-dipalmitoyl-sn-3 succinylglycerol; and 1,3-dipalmitoyl-2-

succinylglycerol.

Phospholipids which may be used include but are not limited to

phosphatidic acids, phosphatidyl cholines with both saturated and
12



Li pi ds which may be used to stabilize gas inside the
pol yneric mcroparticles include but are not limted
woaodsheossol | owi ng cl asses of |ipids: fatty aci #6Tas2004/017813
derivatives, nono-, di and triglycerides,
phosphollplds sphlngollplds chol esterol and steroid
der i vatsaineased tipidpamesphatidylitheaniansness phosphatidyliglycenels,

ot ur BtosTdaREES: R AP oy R hadbioshiriy Fb@fives
numbegardiglipin, atd [Ei-%cylf%ﬂlgvl %ﬁgsﬂhbﬁ as ' E%fﬁftih%s oBPHbshidiipyds
acid derivatives including al cohol's ers,

anhy dinclkids,, butarbrmet infitet tty, phosmhetidyldhqlines swdil aandi ns.

ne! i eonRo R PR R B S R SRR

betwe eaaﬂamighaglaaa 16RS1IRRTDPTPTD, | N ei ther

@MP2),CHp
| i near or %ranche form es of sat ur at ed fatty

aci dsdltaumylmpbeéldwkéalmm@ dmkmlm}éphmPhatidwlchelme

B o el T SR

i ncl udigsachidbylphesphefidylthsline O ADC, mibemnoﬁbﬂ&@hﬁtdy{?chohne
nyristoleic, palmtaoleic, petroselinic, and oleic

adPds(DBR@hFitagosgroyiphasehatidyichetine TR, t hat may be
d
0564 SAGRALE B B ) 60 LB e e

i sonyri
| s opr &Hdibké@ylpﬁ@dphyn@détﬂardﬁnhmab'r Vésxadecylzie
(((7" -die ylam mari n-

yl ) caPBBHIPIE W«}vha TR Swathetic;phesphligidsywith
((;;( 7 l‘fﬁaﬁk Q{S’l ROGAYIES | BB oMl de 8/1 cﬁlam of 6 carbons ?nd another

r bonyl am no) oct adecan - am nopal m
adbd, adyll sheda bfiy2 ea:fbmhsemalyptltwshahaed dyl et hanol am ne and

| ni toyl - . and/ nbj nat t her eof .
Vono, ) anelipRd i GoRiiPuEEy 5F vt Polid s8Ry cor t hat
may bgph%g%%yenﬁi légﬁbrdéﬂfes %raﬁ%li&ldek' s‘ﬁ!ﬂaﬁ&’estaﬂd'??ﬂoglﬂfblti%s

that have fatty acids or mxtures of fatty acids
bet weBxansplanof sphingiolipids ia¢lode but are not limited to, the gangliosides

d| gal yceride, 1,2-dioleoyl-sn-glycerol;
GE@IO?#QIQ “sn-3 succinyl gl ycerol; and
,23 di pal nBieedills which eyl teylsed itetidelbut BBQﬁ)Dhmhtb@tcddiolesterol
whi ch may be used include but are not limted to

phos pﬂmldtsmr@l sutfatgs Chqi‘tﬁ@@plﬂmlmlném pi(Aeholgsterel BBtyhoxy)

:? L;L Xé’ ‘6??2@1%8 %ﬁé@g iﬁﬁagﬁ'&'@@ arPosﬁite g—%-cholesten% B-
phos pﬂ@%}gﬂﬁéﬁ gy%nﬁgéé J@BQ?IDP @ib-dyb rﬂé’rﬁfobﬁlaﬁomde and cholesteryl)

| ysopho erivatives,
4’-trimethyl 35 ammonio)butanoate.

25 Additional lipid compounds which may be used include tocopherol
and derivatives, and oils and derivatized oils such as stearlyamine.
A variety of cationic lipids such as DOTMA, N-[1-(2,3-dioleoyloxy)
propyl-N,N,N-trimethylammonium chloride; DOTAP, 1,2-dioleoyloxy-3-
(trimethylammonio) propane; and DOTB, 1,2-dioleoyl-3-(4’-trimethyl-

30 ammonio) butanoyl-sn-glycerol may be used.
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cardiolipin, and b-acyl-al kyl phospholipids. Exanples

of phospholipids include, but are not limted to,
wohosphetsr dyl chol i nes such as PCT/US2004/017813

di ol eoyl phosphati dyl chol i ne (DCPC)

di nyri st oyl phosphati dyl chol i ne_( DVP

di pent adecBreoppsiipsefptied lipigs atgahpsphofi mﬂm@;ferably DPPC,

G pal BRFCDPIBENBITRAY LR I ﬁ’r%%cﬁg%preferably DPPC, DSPC,

di st cdApylpbdaspi@t i dyl chol i ne (DSPC),
di ar achi doyl phaosphati dyl chaol i ne ( DAPC
d| behenoylﬁﬁo‘&ﬁ f SORLEY TEPGSS @“@@Eﬁ@y 2w11p1d/wpolymer)

I' I t 0
gﬁ:rocer %‘) B g?/l Qc(ﬂ/g k\?ng d(/%%ofé}aﬁ gnéi most preferably 1-12%
phosrmahpldmrpb]lymcbl am nes such as
di ol eoyl phosphati d anol.a hexadecyl
pal ni toyl g Br é ﬁg H%g %%?ﬁ'{ﬂhg‘@ sfae ofthe
phos%&F&&h@aeﬂs%&lﬁsﬁé’ﬂﬁ%ﬁﬂoﬁuﬁﬁw A&hﬁbﬂ‘ﬁe&ﬁr Qle’ter\fﬁst lee

one acy In of 6 carbons and anot her acge chai n of
12 camiidivm)etertiyn miferondzeio pegitles Splarstgdhd pindeerwiierage paryicle

caP orfiis PR o s wernad, B HPHPRGTah Fipion that canbe used

| ysosgldeihé BRSrunfoer BRirase ktidPkizo g 9lid ke btk ude,
but are not limted to, the gangliosides GM and GW.

St eroi ds mhlchz?aﬁ be used include but are not limted
to chol est er ol &'6Hol esterol sul fate, chol estero
hen1su00|h&ﬁe = -cholesterol 3b-yl oxy)

hexyl - 6- anmi no- 6y geoxy- | -t hi o- a- D- gal act opyr anosi de,

6- ( 5- cholesten b-

t 1 oxy) he e | -1-thio- a-

nanni%w SRS APEHE R B SRS e hy 35
amoni o) buh QA RreifdHE tr@NSblubl eliverape ARMIIES r¥¥8isab the
may be used include tocopherol and derivatives, and
oilPs eldmd evenglmd cilemmr heeragec HAmexaspe of ganatioes that can be

vari et ca |p|ds sych
N[I-Y %dgo 8? t?/IVC(’) aﬁzprgge 1aﬁ1e% I@C;T ?\%131/ %llf)nv)r’onl um
chl ori de; DOTAP, I, dloleoyloxy 3- (trimethyl anmoni o)
" 270 of coyl - - (Bt jse} hy! )
, 2- di ol eoyl - 3- yl anmoni o
but anoyl - sn-gl ycg I'ZW%B be used. The nost preferred
li pids are ghesph é¥+ﬁ+ds preferably DPPC, DAPC, DSPC
DTPC, DBPC, PG aggrgost preferably DPPC, DSPC
4
=1

where »; = number of particles of a given diameter (d;).
Particle size analysis can be performed on a Coulter counter, by light
20 microscopy, scanning electron microscopy, transmittance electron
microscopy, laser diffraction methods such as those using a Malvern
Mastersizer, light scattering methods or time of flight methods. As used
herein “Coulter method” refers to a method in which the powder is dispersed

in an electrolyte, and the resulting suspension analyzed using a Coulter

14



DAPC and DBPC. The |ipid content ranges from 0. 01-30%

(w lipid/ wpolyner); preferably between 0.1-20% (w
woOizpisdesspol ymer) and nost preferably 1-12% (wpCTpiSeiowo17813

pol ymer). When forned by the nethods described herein,

the sjize of the mcroparticles is consistentl

repr onétismee 11 frted, eighya RRran Aperfigtubey Wbis"f%‘?th@y prgyides size
" di a”ﬁ%&s‘iﬁerﬁ&tsrﬁ{deﬂafﬁgkﬁgcéﬁeﬁﬂﬁd les refers to the

nunber "average part e sl ze, unless otherw se

speci fi ed. InAhe preforpddeenifodimergforghe repatation ©f injéabls ed

to define the nunber average particle size (Xn) is

sh ommmEfé‘i’Wﬁ@éﬁi?aﬁe\i&% e?Sélq% @%R%&e mengry icwlbgrychedathe
gi ye %55% &s | -difgetusrek sk & t qrme.vol une
aver grélgdr i arr(gtseraﬁé’e%de(%@?% togst hgﬁ %g tu?r%&%| g‘ﬁt?%eé

di anmemaropavtitlesyuay flogdlapnenafy bedymidisoradlet midropaticlbemay
used tq def.ine the vol erage di.aneter (Xv) is
Showarise e Bt Bt B vt ket Sge for an
gi veninfhadiBhugy alfinisteRanulikEbendblABrad@L Sk betoREn 5
perfornmed on a Coulter counter, by light m croscopy,

s canninisgons| aad tSroiererisand scwpst, preferabinbet wegncb S ehé 8 trmigrons.
m{/r 0Sco ser. diffracti t hods such,as those
0610 S NS ARSI, FERHOSRaT R hAT: 4 e Saembed
or tigictire bt dpohge RS SiBdsure ABrieElly pareeihfoughoit the polymer or

nmet hod" refers to a nethod in which the powder is
di speths aycroparéigles hava 3 pelymeric ghedl witla hengycemped or sponge

Suspensi ' yl i Sq N
PSP AORESLYARY, BB SRR BN g, oo
pr ovi Wl&somirtidesara sorrddytsprayrdlying rafggqgﬁer solutifon contﬁining a
concentratiogons. In the preferred enbodjnment for the

prl & palP o4 {THIRT 25} Bichas POkt deearibed belosbl e of

o7 opar 11 S Lo R Do R IE e UL S gt

m cropartic s than ei ght
m crons. Uarageplenoichwpanted ghees imdydecClhg ColeCilgl GrtizaCyFs,

bed. B0 OTEL LSS oL CL OB SheS. Bl 1l O et
M cr ORRkse G Rotidéfad Mso@Ble gas that will not condense at the temperature
20 ofuse and is pharmacologically acceptable.

The amount of gas contained with the microparticles will depend on
the type of gas but is typically between 75-500 pg/mL of administered
volume of microparticle suspension. For n-perfluorobutane, the preferred
gas content is between 100-400 pg/mL of administered volume of

25 microparticle suspension and most preferably is between 150-350 pg/mL of
administered volume of microparticle suspension. For n-octafluoropropane,
the preferred gas content is between 75-375 pug/mL of administered volume
of microparticle suspension, and most preferably between 120-300 ug/mL of
administered volume of microparticle suspension.

30 III. Methods for making Microparticles

The microparticles may be produced by a variety of methods, and are

preferably produced by spray drying. A major criterion is that the polymer
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met hods, a]lvthicrapa&tmﬂeeme rpadsfbmbbzrmddmd by gpmp rdaying by idisgolving
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s80vethen spisy desfingnitsd phlymeir solutibe apdthy pere Hohingragents teaform

or ganrlnfcrgﬁ)alrt\llc Qst Ashc?etﬁnlea h\ér%gna,tdllel perogerss of “spray drying” a solution

)

of a polymer and a pore forming agent refers to a process wherein the
polymer solution and pore forming agent are atomized to form a fine mist
and dried by direct contact with hot carrier gases. Using spray dryers

25 available in the art, the polymer solution and pore forming agent may be
atomized at the inlet port of the spray dryer, passed through at least one
drying chamber, and then collected as a powder. The temperature may be
varied depending on the gas or polymer used. The temperature of the inlet
and outlet ports can be controlled to produce the desired products.

30 The size and morphology of the microparticles formed during spray
drying is a function of the nozzle used to spray the polymer solution and the
pore forming agent, the nozzle pressure, the flow rate of the polymer solution

with the pore forming agent, the polymer used, the concentration of the
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Pore forming agents are included in the polymer solution in an
25 amount of between 0.01% and 90% weight to volume of polymer solution, to
increase pore formation. For example, in spray drying, a pore forming agent
such as a volatile salt, for example, ammonium bicarbonate, ammonium
acetate, ammonium carbonate, ammonium chloride or ammonium benzoate
or other volatile salt as either a solid or as a solution in a solvent such as
30 water can be used. The solid pore forming agent or the solution containing
the pore forming agent is then emulsified with the polymer solution to create

a dispersion or droplets of the pore forming agent in the polymer. This
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pol yngy, Applications for the Microparticles
1. Formulations for Administration to a Patient
The microparticles may undergo further processing with excipients to
25 create a dry powder. The excipients provide tonicity or osmolarity or ease of
suspendability of the microparticles after reconstitution with a
pharmaceutically acceptable carrier prior to administration to a patient.
Excipients suitable for providing osmolarity or tonicity are sugars including
but not limited to mannitol, dextrose or glucose and salts including but not
30 limited to sodium chloride or sodium phosphate. Excipients suitable for
providing ease of suspendability of the microspheres include any

pharmaceutically acceptable wetting agent or surfactant including but not
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of vials, crimped. This results in a perfluorocarbon headspace in the vial or
syringe.
2. Dosage Units
25 Different size dosage units of microparticles may be used. For
example a small dosage unit may contain 25-75 mg of microparticles. An
intermediate dosage unit may contain 75-150 mg. A large dosage unit may
contain 150-250 mg of microparticles. An extra large dosage unit may
contain 250-1000 mg of microparticles.
30 When the suspension of microparticles is formed following
reconstitution, the mass concentration of microspheres in the suspension
typically ranges from 20 to 60 mg/mL. The preferred mass concentration of

microspheres in the suspension is 25-50 mg/mL; and the most preferred mass
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agent in diagnostic imaging by any route of administration.

4. Vials or Containers for microparticles
No specific vial or syringe or connection systems are required for the
25 kits; conventional vials, syringes and adapters may be used with the
microparticles. The only requirement for a vial is a good seal between the
stopper and the container. The quality of the seal, therefore, becomes a
matter of primary concern; any degradation of seal integrity could allow
undesirables substances to enter the vial or allow the gas to escape. In
30 addition to assuring sterility, vacuum retention is essential for products
stoppered at reduced pressures to assure safe and proper reconstitution. As
to the stopper, it may be a compound or multicomponent formulation based

on an elastomer, such as poly (isobutylene) or “butyl rubber” and must be
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dosage unit of the dry powder contrast agent to forma
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vial or syringe or connection systens are required for
t B8 kits; convefrerasabMethodlofobtginingigargeand adapt er s
may be us e‘[jheWI r.n'icr}oﬁar}&cles in dry powder form are reconstituted with a
pharmaceutically acceptable carrier prior to administration, then an effective
amount for detection is administered to a patient using an appropriate route,
by injection into a blood vessel (such as intravenously (i.v.) or intra-arterially
25 (i.a.)), or orally. The microparticle composition may be administered
intravenously to the patient as a bolus injection or short infusion (less than
30 minutes). Preferably the injection is administered over a time period
ranging from 15 seconds to 20 minutes, most preferably ranging from 30
seconds to 15 minutes. Typically, a dose ranging from 0.025 to 8 mg/kg
30 body weight per injection is administered intravenously to a patient,
preferably the dose ranges from 0.05 to 4 mg/kg.
For diagnostic ultrasound applications, energy is applied to at least a

portion of the patient to image the target tissue. A visible image of an
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case of Power Doppler, the relatively higher energy of the Power Doppler

may resonate the vesicles. This can create acoustic emissions which may be
25  in the subharmonic or ultraharmonic range or in some cases, in the same

frequency as the applied ultrasound.

Specific Imaging Applications
The microparticles described herein can be used in both cardiology

and radiology applications. For cardiology applications, the microparticle
30 compositions are administered to a patient and the patient is scanned using

an ultrasound machine to obtain visible images of the cardiovascular region.

Optionally the microparticle composition is administered in combination

with a pharmacological stressor or a physical stressor. Suitable
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amount for detection is admnistered to a patient

using an appropriate route, by injection into a bl ood
woessakogsuch as intravenously (i.v.) or PCT/US2004/017813

intra-arterially (i.a.)), or orally. The mcroparticle
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Most often unless the patient has severe coronary heart disease, blood
25 flow to the various regions of the heart as assessed by techniques such as
ultrasound contrast will appear normal. In order to detect blood flow
abnormalities in patients without severe heart disease or to detect smaller
myocardial blood flow defects, it is necessary to increase the blood flow
requirements to the heart by inducing a state of stress. Stress can be induced
30 by having the patient exercise or by administering a pharmacological
compound such as a vasodilator, an inotropic agent or a chronotropic agent.

During exercise or pharmacological stress, blood flow defects can be more

easily detected because the ability to increase blood flow is reduced in
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al so Pgicdtess. 18 macrovascular indications (the diagnosis of dlsease states and
conditions of major arteries and veins of the body), the microparticles may
aid in the detection of strokes and pre-stroke conditions through visualization
25 of intracranial blood vessels, detecting atherosclerosis in large vessels such
as the carotid arteries by assessing the degree of carotid artery stenosis,
vascular graft patency and peripheral vascular thrombosis. For
microvascular indications (the diagnosis of disease states and through
analysis of patterns of small vessel blood flow), the microparticles may aid
30 inidentifying lesions, tumors or other diseases in the liver (e.g. adenomas or
hemangiomas), kidneys, spleen (e.g. splenic artery aneurysms), breasts and

ovaries and in other tissues and organs.
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25 levels) identified above, there is preferably an increase in the level of

brightness of at least about 10 VDUs (gray levels). More preferably, the
image has an increased brightness of greater than about 10 VDUs, for
example, about 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90,
95, or 100 VDUs. In some embodiments, the increased brightness is greater
30 than about 100 VDUs, for example, about 105, 110, 115, 120, 125, 130, 135,
140, 145, or 150 VDUs. In other embodiments, the increased brightness is
greater than about 150 VDUs, for example, about 155, 160, 165, 170, 175,

18-, 185, 190, 195, or 200 VDUs. Alternatively, the increased brightness is
25
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25 microparticles to the amount of tin found in the specific lot of polymer used
to make the microparticles. The amount of phospholipid in the
microparticles was determined by analyzing for phosphorus by ICP-MS.
The amount of phosphorus present in the microparticles was determined
based on the amount of phosphorous found in the microparticles in

30 comparison to the amount of phosphorus in the phospholipid itself. The
microparticle mass per mL of suspension was calculated by adding the
amount of polymer and phospholipid per vial and then dividing that sum by

the reconstitution volume (5 mL).
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Inlet Temperature: 150°C
Detector Temperature: 325°C
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Nitrogen (5 mL/min)
20
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15 IL) and a glass drying chamber/cyclone system from Buchi (Brinkmann,
Westbury, NY). Spray drying conditions were as follows: 40 ml/min
emulsion flow rate, 30 L/min atomization gas rate, 46 kg/hr drying gas rate,
and 12°C outlet temperature.

The spray dried product was further processed through dispersion,

20 freezing, and lyophilization steps. An aqueous vehicle was prepared by
dissolving 140 g of mannitol and 4.10 g of polysorbate 80 in 5.0 L of water.
The spray dried microparticles were dispersed in the vehicle at a
concentration of 25 mg/ml. The dispersion was deaggregated using a
stainless steel, 800 series, flow-cell sonicator from Misonix Incorporated

25 (Farmingdale, NY) and sieved through a 10” diameter vibratory sieve (RBF-
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woheosmeesoparti cl e suspension. The resul ting sBEPAISSI0a/M017813

was anal yzed for DFB content by w thdrawi ng a set of

0.3 nL allquots t hrough the stopper using a needl e and

syri nd fropy ¥outi-giv Galsis, QB elherjosisatod Wasfasketed pedfC to

heads | e ials e |I1br ed
B8 ik or WP ERAIOR AT Py Fiof s sisPEC e s o

t hen ARl 0e@n tsbreBndiaatesh 4t 056 2l Gl r TEDsisddWigersich Was filled

headspace s\%g‘gl er._oven. The headsEace gas above the

suspetq vals méﬁ'%ﬂllyéednlwalg)aﬁa@ﬁ BAaPBYPAERg fiozemby a
pugg%&&g&ﬁthgﬁﬁtﬂl nd flame ionization detector.
per

Quantitation wa med usi ng an area based single
poi nt cal i Pelitwiog fredzirg, 36 wiylstveste haphiliztd:r At il @onclusion of

t t.ur. listed Tabl 1 d 2,
e oy apigatie e dhipabet metsar s oA - Reriugap bifdes (B opas
M cr opgitiil&d ﬁ‘q%o f1QNidiS® aa%es%ﬂre%ft 5@(?1913&%1??35{ f%%io;ﬁ?@ﬁﬂé.

| SSO g

An organi c sol ution was prepared vin
of PLGA, 1"ﬂh€6drg pofvdel wamhmmyitqzﬂmﬁh ISanL ay lstehhtl water frior to

AR R T R Y T S A LR

chl orsugleenaion%'i%cmﬁm@% ﬁpﬁgs@&wﬁlhﬁﬁt& OT‘H@%Qeﬂ%ﬁon{SS S
g of anmoni um bi carbonate di ssol ved in 338 of wat er

for i qgn@quow wdé) mepartldes/mé ersgspﬂnslosoﬂnsﬂt37crng and A
h t t,4310 RPM
nomog etk e NEhgon He, B8 Pieaviiebs e arepn peicte

m xer51zerfQ,1ﬁﬁ¢rbﬁg,ng enmul si on was spray dried using
nitrg]gen as both the aton zing and drying gas.

ER| SHemaplpes eR%‘ﬁ_roéﬁaéllieeBa rgnpihgMicrepartislesay dryer
5, s T AT LSRRG Y T

syst épof munnoBamlhles aBprodkemirty; th¥\estuds Wi Eibthple Spwayassessed
drying.condifi ons were s follo 40 M/ mn enul si on
f | ow PHieSas § OEI}%‘?g’faEhy Qp idgser V%a% iry the @nalyiical gyethods

dryi NGRS, ofheid 180 nlifosPtrt SBaAGMI RS Riced similar to the
20 method of example 1, however, the phospholipid,
diarachidoylphosphatidylcholine (1,2-diarachidoyl-sn-glycero-3-
phosphocholine (DAPC)) was omitted during the production of the
microparticles.

25 Table 3: Gas Content and Rate of Gas Leakage for Microparticles

Gas Content Gas Content % Gas
(ng/mL suspension) (ng/mL suspension) Content Lost
Immediately 70 minutes Following | over 70 minutes
Following Vial Vial Reconstitution
Reconstitution
Batch 1 341 312 9%
Batch 2 259 232 10%
Batch 3 139 18 87%
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The spray dried product was further processed through

di spersion, freezing, and |yophilization steps. An
wagusaeessvehi cl e was prepared by di ssol vi ng 148Cg/ustoo4/017813

manni tol and 4.10 g of polysorbate 80 in 5.0 L of

wat er. The spray dried mcroparticles were dispersed

in the vehib¢ migepaticdenwhich cantengd BARG losgapnroximagely 10%

di spers| s deagqgre e ' st ai nl es .

00" s @Rttt i AR RART 20 M3 E, Bk B iREroBAres which

| ncor gidmat esht4irayAPO YskeBE% diie ARting oy eshtddir adahiofally, the
10" di aneter vibratory sieve (RBF10) from Vorti-Siv

( Sal emcrepgrticlgnwhichgpitgingd DAKC hadw bicher gerting mitiyl gas

or eVe . ; . . . o
o 5t B 10 D% RS M TR0 AR
150 niké imchusidihef BARCHM idpapat & the fovatitibn bf @@ intetmal porous
vials (10 M fill in 30 m_vials), partiall .

st oppHrusHire ghthempigtapartisiesidyrpg spray drsing %wlﬂ opretpipapf gas
Fol | oyw | . e vials were lyophilized. At the
conc%ﬁ%ﬁﬁégﬁﬁzg%ﬁf%gzati on, the chanber was

i sol at ed, dihd totabdurdtianorfabtehdatlans¢ OFB) ultmsolraladohirhdt @egent

into the vials to a.pressure of -5 kilopascals prior
t 402 e il Sl eetoraliy AR A o hal hecgds
m. Oftosdo%iﬂu@es\@gﬁ{diﬂg’ biPthe e bR aRlol 886N d iy y Wit &ound
to the vial of the dry powder and shaking to yreld a
sus peereirgnatisn aondvasgrhr Thed gas 10ss frepo Sreoniceopastinkistaohtaining

" The spyspensj ont ai ne 2% 1 i croparti.clhes/nilL
of solp SRe BRPCRGUERARS i hpsight ey AR mstisd SPAE

suspeiighsdundrdathhiRtieh croparticl es had a nmean particle
size of 2.2 mcrons. Exanple 2 : Rate of Gas Leakage

f 1dm Exempleck: dpndidcdmage finhangemensr asgpEunetigoefdMicreparticle
two sgparate batches (Batch 1 and Batch 2) of

m croparticles as produced by the nmethods of Exanple 1
was assesskfcrupartigleg asprotiticediiyahe mpethod (if3Example 1 were studied
descrjibed in the apal ytjcal nethods sections. A third

| ﬁt of herlholippen il pbe ATY3IOWRES WS SQBEHUSH PrPRTC Ys by
f‘ji Zr g%%]?%gg/ ﬁg_h&(;%%gﬁglta I@vggﬁr éﬂf&\éf&%&g ra?d @S PR tdrifles. The

1.20- dfizal @ohdedoytion’ efyhicc@spber8s inthe sgshbtimgahspeasipiDMRL) )

Vrr\?i r g%]g{rctgﬁgqad r gy%gt/rplf %&l%%gt(s: tréc%{]vegfa s&rpg?e dose of either

0.5mg/kg, 2.0mg/kg or 4.0 mg/kg body weight. Subjects underwent
transthoracic ultrasound imaging using continuous harmonic imaging (frame
rate 15 Hz and transducer frequency 2.1/4.2 MHz). Images were visually

25 assessed for intensity and duration of enhancement.

The duration of enhancement in the ventricular chamber exceeded 9
minutes at both the 2 mg/kg and 4 mg/kg doses. The contrast effect was still
apparent in 13 out of 15 of the subjects at these two doses when the subjects
were re-imaged at 30 minutes, indicating the long duration of enhancement

30 provided by the microparticles.
The duration of ventricular chamber enhancement is summarized in

the Table 4.
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Table 3: Gas Content and Rate of (Gas Leakage for

M croparticlesThe mcroparticles which contained DAPC
woasds/1agasr oxi mat el y 10% of the starting gas CORCEMIS2004/017813

after 70 m nutes whereas the microparticles which did

not contain DAPC | ost 87% of the starting gas content.

Addi t i onal Tgblewd Durption ahLeft Yeatrioplpe bnage EnhareenmapC

had a hi ghe btdltﬁﬂ Tt atTgas e”tP”t retativejto

F AL O - ot e

the mcroparticles Wthout the DA
that the incl Gapg oty BARGL) S| | MPWEHtARnilart ChdnhtRer
formation ot the internal porpus structure of the
m croparticles during spray drying Kghapspmen
retention of gas within the n cropartdn%@gs The total
duration of |intended use of ah ultrasoun gontrast
agent follow ng admymi stration to a sulgect iIs
generally on-the order of 30 kseconds to 60 m nutes
dependi ng onh the tygd of cardj ol ogy or>P&di ol ogy
ul t rasound exannat I4kdl conducted: Tircrs>yf> toss—frpm
the mcroparticles containing/ the |ipid"DAPC is
estimated to be insignificant over the period of the

ul trasound exam nation Exanple 3: Cardiac |nmage
EnhanExsmple 4sCamparisen ehMieropnrtidessioCanmergigkProduct for
Mcro Is ed by the nethod in Exanple 1
wer e Jsg%%ﬁlﬁ @ﬁéﬁggﬁ%ggschunan adults. The dry powder

wa$ reconsAicobnipachtipe cardidcaltseulyintgtiogngudy whs @nducted in
sterile Waier to tge yi al _and %haki ng.t vial ten

. th
t i mestworsltmpenmatched-tos bpdy weig bandneagq'hé% tiew The firse
resul ¢; : [ : ' ; A
by coibfie: RUSREN LRI RRNAN I ElobactbI ¥ Bhoduced by the
2. Onghkthod of Ex@mplg/1k JTHeably pewdehtas rEedmstate] privates werty
t ranst hor aci trasound i I S cont | nuous
i AR St e S P Vi o Shathe P e rimes. The
f 180aUSRE ¥orkehtrdtich MiRicroshABEER NEFRuling ‘é@éﬂe}li_shigﬁ sagsed

for intensity and duration of enhancenent. €
dur atdpproxsmatehhhmgfrehtand thetgas comentraf the suspetsiomess

Gos PP BT + 01 Bereriile- dHP s SpRAFRpTSe Gdose of
Subj oePE PR ERINEEh o bR P IR INIRR

| ong weight iTdre seforeldnbjectmedived a single dose of the marketed
15 ultrasound contrast agent, OPTISON® (Amersham Health) which contains

U

perfluoropropane containing albumin microspheres. The two subjects
received the same total amount of gas (27ng/kg body weight) which is the
acoustically active component. The two subjects underwent transthoracic
ultrasound imaging using continuous harmonic imaging (frame rate 15 Hz
20  and transducer frequency 2.1/4.2 MHz). Images were visually assessed for
intensity and duration of enhancement.
The duration of ventricular chamber enhancement and myocardial

enhancement is summarized in Table 5.
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provi ded by the mcroparticles. The duration of

ventricul ar chanber enhancenent is sunmarized in the
woaisa2essTabl e 4: Duration of Left Ventri cul ar PCIAg2004/017813

Enhancenent Exanple 4 : Conparison of Mcroparticles

to Commercial Product for Assessing Cardiac |nmages A

conpar dapleS:cBpuatien of bmagedinhpncemghtyith Niffprentdltrasound

conducted in two adult ne for body wei ght and

cardiac function. The fi rstog%gf‘gg‘fntF eceived a single

adni pi 9CondakioNgedt aid CrloDardHdios o€V eagichla® dUv@dtidy of P§ocardial

nmet hod of _Exanple 1. The dry powder was |reconstituted

priof to Hew ¥yOaddi ng ShambestEnhensemeat yJinhangament &seconds)

vial|a haki ng  t vial ten:ti.nrs. The final

concengggﬁ}l%%re%?”%ﬂg)r aspher g@nitu#g%he resul ting

SUSPERgARple WS approxijmately 3¥gng/nl and the gag

content of the suspension was approxi mately 250 ng/nL

susped¢repartiglae first |[subj ect received a dose of 4ng

m crpopartjclelkg which corresponds to ajgas dose of

27ny @2”5 8&0%%&%@91he second subj ect |received a

si ngl gpdseN®f the mar[keted Ul fjrasound ¢ontrast ggent,

OPTISON(r) (Amersham Heal th) which contains

per f | Gdnolkgpdneveight) di ni ng al bumi n nmi clospheres. The

two subjeets—+ecetvedthe—sare-totalanpunt—of-—gas

(27mg/ kg body wei ght) which is the acoustically active

conponent . THNGidr)arBUE 56lTcedRERE R nefhb@ AL A% xample

ul trasound I magi Nng usi ng conti nuous harnoni ¢ 1 Magl ng

(f b ankproaide ehbarded amaigasrodbeththe verftriewjarsshayn b2rsland tBe

MHz) . | . [ l. f i it
dur A PN Bt ey SR Tiah CBYTTORR s viieh ar
chanberapgipeinetii®itiondd doRHRE 2 tothBleteSRARARC &I by Lifirasound.
sunmari zed in Table 5. Table 5: Duration of |nmage

Enhancenment with Different U trasound Contrast Agents

I TR SRR T e R PR, Ao Tobhetia

veot rusing MicedpurticleForfthladiensmyocar di um whi ch are
significantly | ongler than OPTI SON(r) and which are of
¢

appr opr i atMidepasti¢lenproduced g wer the meesiasl inthxamplal] aere
exam Mniﬂfs{e?&ﬁtglé%bj ect being evaluated for coronary heart disease. The

subject received two injections of the microparticles separated by 60

minutes. The first injection of the microparticles (“rest injection”, 1.7
15 mg/kg) was used to assess the myocardium at rest. Prior to the second
injection of the microparticles, the subject was pharmacologically stressed
using the coronary vasodilator, dipyridamole (0.56 mg/kg). After the
induction of stress, the subject received a second injection of the
microparticles (“stress injection” 1.3 mg/kg) to assess the myocardium
20 under stress.
The comparison of the rest and stress images over time post
administration of the microparticles for the subject indicate a region of the
myocardium which has minimal increase in image enhancement and this

region becomes larger in size following the induction of the stress. This
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Exanpl e 5: Assessnent of Myocardial Blood Flow to

Assess |Ischemia Using Mcroparticle Fornul ations
wohkersapessti cl es produced as per the nethod i n BRamsk@4417813

were adm nistered to a subject being eval uated for

coronary heart disease. The subject received two

i nj ecindisates tie zone ofrinypegrdial tigsie Sasskqth infawstedmpd dgehemic

m nutes. The fitrst injectdi.on of the m.cropar.ticle

(" resPURREHE; ShE detsion of iheriia Wt coliirigt Tibg 84 Higpgate

ny oc adidgnbdtiatechighe, ndtle@f inla@irte) R SE&HrekinLdalr @Brfgfion

the mcroparticles, the subject was pharmacol ogically

st r esWalg coaiuried foHowinedhe pdminisitadon af 89Tc YIRD pahhs|sabject
(0<5 ég r i j S
su jggggée e?ge égcgéggﬁggﬁﬁﬁéé?l%%ﬁ%fﬁ%§§§k0&%%mdonﬂm
m cr oglaasount esst atiditreds Ainages e@ld comnfirthed ontida@st dnd stress
assess the myocardi um under stress. The conpari son of
the riisleas ReriayoERaghrages over time post
adm nistration of the mcroparticles for the subject
indicate a region of the nyocardi umwhich has m ni ma
i ncrease in image enhancenent and this regi on becones
| arger in size follow ng the induction of the stress.
Thi si ndi cates the zone of nyocardial tissue has both
infarcted and i schem ¢ conponents. The detection of
i schem a was confirmed using an alternate diagnostic
techni que, nuclear imging. Rest and stress nucl ear

~ perfusion were conducted foll owing the admi nistration
of 99Tc (M BI) and the subject was inmaged using a
commerci al gamma counter. The defects noted on the
ultrasound rest and stress i mages were confirnmed on
the rest and stress nucl ear perfusion inmages. W claim
1. A dosage fornul ation providi ng enhanced ul trasound
contrast images conprising microparticles conprising a
bi oconpati bl e pol yner and having i ncorporated therein
a perfluorocarbon that is a gas at body tenperature,
wherein the dosage fornul ati on conpri ses a dose of
m croparticles effective to provi de enhanced
ultrasound i mages for nore than five mnutes in the
ventricul ar chanbers or for nore than one mnute in
t he nmyocar di um
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when the mcroparticles are adm ni stered

intravenously. 2. The dosage fornulation of claim1l
wenresi1doisy enhanced ul trasound i nages in the PCT/US2004/017813

ventricul ar chanbers for nore than 9 mnutes or in the

nmyocardiumfor nore than 2 mnutes. 3. The dosage

f or mulV$tGl@m:of clai m 1 providing enhanced ul trasound

images in th | . t

mindtes, 4 SRt Ros BRI el Bho yri@Ehd dBhvras
conpr insigeg campdsing madrgpargcles comPriiba bivc8mpPatitie polymer and
m croparticles/ k%eéf dy, vveiBerngt. 5. . The dosage

f or muP R RERCOHPOrY g 2 pErRPorAgon thabtser gassgbody f r om
0. 05 fepfra@ @0 M croparticles/kg body weight. 6. The

dosage fornulation of claim1 in the formof a dry
powder of whercopthe bwige forwhilationcampbises 2dase of ntictbpatticles

W th er.ile wate ior to use hy adding th ter to

the viTetss KB ehimeed bltesgnd ipagss fop otk ep fye pynutes
yi el dingRe V&REEMA ChafbeRN $610R0R thill SicARutd 18 tBSmydeardium,
The dosage fornulation of claim6 form ng a suspénsion

havi nyhen W ericiepartictss arcasindeistered inravenanglyng from 1.0

x 109 to 3,5 09 m.croparticles/ni L of. suspensi on or
i or oparti Be e anRBERR oL R Tening RGeS Slpound
50 NUintges PRRE bedtieslandhasibeREBH MO then 9 TliQuds SARAhe
formulation of claim?7 form ng a suspension having a

m cr op¥peardine fopmoenthaalingRuiengi ng from 1.5 x 109 to
2.8 x 109 41 ' i
X AN $HO ﬁ@srahé f&rﬁlﬁ{at%n %E cl’f‘&ﬁ? gﬁﬂ&lgﬁg%{gfnﬁﬁﬁd Pl&raﬁ(g.md

m croparticl & nass“concentrati on gi ng

ng i igragpaint the vesitichlastaphdes fonatdeast Be ndosege

formul ati on of gl aim1 wherein the mcroparticles have
a nmean parti éhedeypgeiomulagien of plapm &, ¢camaprasing a dose ranging
dosa tel : j ’]:?ﬁ)% L e

mcr g%%él?)ir'c etg gh(gglgq%c%g%ﬁ})egr [ clﬁglv‘gil1 Hg' rangi ng from
1.9 to 2. 65.nThe dosage fotmulbtien dbslage 4f comprisitig ©dosefranging

o P S eI 5, S, S Lo 40 o

ot 8 T LAl gt R R

body musirepiarticles Whieh can be reconstituted with sterile water prior to use by
adding the water to the vial or syringe of the dry powder and shaking to yield
an isosmotic suspension of microparticles.

7. The dosage formulation of claim 6 forming a suspension having a
microparticle concentration ranging from 1.0 x 10° to 3.5 x 10°
microparticles/mL of suspension or a microparticle mass concentration
ranging from 25 to 50 mg microparticles/mL suspension.

8. The dosage formulation of claim 7 forming a suspension having a
microparticle concentration ranging from 1.5 x 10° to 2.8 x 10°
microparticles/mL of suspension or a microparticle mass concentration

ranging from 30 to 45 mg microparticles/mL suspension.

34



m croparticles/ kg body weight and 4.0 ny

m croparticles/ kg body weight. 13. The dosage
woéanesubketsi on of claim 1 wherein the gas is sel ecrag2004/017813

fromthe group consisting of CF4, C2F4, C2F6, C3F6,

C3F8, C4AF F10, and SF6. 14. The dosage formul ation
of claim 1% &ﬁ%&%ﬁaﬁe %ugaa@niofcmﬁfwwlam Rjfgoparticles

(MFlmveﬁr&aénqﬁ%iélgsi%@oﬁmﬂﬁhn @%i\é\ﬁ%ﬁe% and 500 ng/ niL

of adm ni stered vol une ofm cropartic suspensi on. 15.

The dosagel@.oFimdesegoforoflatibaficlain Givdreedin themicroparticles

nper f yuar gbut ane. (CAF10) is provided jin.an anmount

bet vve}(llearY efdﬁeagrpﬁnﬁ‘éﬁSlﬁﬁf%?ﬁmgfé)%:‘wntpgti%ﬁo%I ume

of mi cr opar {i.clle &dtagefRsnaRtiod 6f clIie 1 @eﬁiﬁ?gggrldg)yé AhbRB
'S

of claim 15 wherein_ the nperfl uorobutane
pr ovi i@ G- hioh0 memirronsetichesdeg i@ty weight350 ng/ nL of

adm ni st er of m arti,cl e.suspensj.on. 17.

The dosag eﬁg o?%@geo%’%ﬁagg%ﬁ?li@ \;\ﬁg’i’gfeﬁl thﬁgoéﬁalﬁ splgcted
noct afrbri Ahogroap aomsidtiagoB). Sphg wiictegdaritialed kg HBY Meight, 2.0 mg
between 75 and 375 ng/ nL of adm nistered vol une )

of m dPispnarticdesdkabrdyeneiplyand i) mypicrapedistesfkerhody aveigh.

of cl ai m 1 ' 3 p F.) is
o ot sey, 1T aDRLBTd e LIRS P SRAA T )l
adni nirah ehegroup comsistink wif CFap&E;,i CFg, GFsM@aRg I @Fs, 0484, and

The age fornmulation of claim1l wherein the
mcraparticle is forned of a synthetic pol yner

sel ected froNTHhe,sBEOAnGIAASH Sf d18h P4 wﬁaeéeyd%gamgggg

aci ds), polyanhydrides, polyorthoesters, po
pol ygzribaorabsne ((hFyupbioyided és an byt Heywesney 5gind SO0 $1g/mL

pol yal kyl ene oxi des, po| y(val eri c acid),
pol y(‘?fg’é’é‘i"&‘ét-e@@-v@ ‘B?‘?JP%’E‘%W}"}CI%WPEW-yner s and

bl ends t heyofy, d%@agaeTﬂﬁ%agﬁﬁggflagwA Bhboth @k qcl aim 1.

further conprising rop c compound 1 ncor por at ed
wi t h pehBugrobwtamsr (CaF jopisrpmovidedii dnemweanb&wedn H0MarRDA00
(wei ght hy hobi ¢ conpound/ wei ght pol yner). 21. The
dosadt®’ ‘P‘gfr inigieredrvolimg of DISTQRREIAS SISPERSIMY dr ophobi ¢

compound ' fs. aTht Baflgt RARTRRLALEEatth 15 Villfeif lorer at 2
perfluorobutane (C4i3 10) is provided in an amount between 150 and 350
pg/mL of administered volume of microparticle suspension.

17. The dosage formulation of claim 15 wherein the gas is n-
octafluoropropane (C3Fs) provided in an amount between 75 and 375 pg/mL
of administered volume of microparticle suspension.

18. The dosage formulation of claim 17 wherein the n-
octafluoropropane (C;F3) is provided in an amount between 120 and 300
ng/mL of administered volume of microparticle suspension.

19. The dosage formulation of claim 1 wherein the microparticle is
formed of a synthetic polymer selected from the group consisting of
poly(hydroxy acids), polyanhydrides, polyorthoesters, polyamides,
polycarbonates, polyalkylenes, polyalkylene glycols, polyalkylene oxides,

35



and 30% (wei ght |ipid/ weight polymer). 22. The dosage

formulation of claim2 1 wherein the lipidis a
wohosphedisr pi d sel ected fromthe group consi sti RgTAS2004/017813

di ol eoyl phosphati dyl chol i ne (DOPC),

di nyri st oyl phosphati dyl chol i ne (DVPQ),

di perrdyieksno prishaopr(tactidstepanrplaetopeppmbyopolymers and blends

di | autkg%/el hosphati dyl chol i ne (DLPC),

di pal 8§I phosphati dyl chol i ne (DPPC),

di st ear oyl phoBih@dsagy fzinalatioe of E&MC) , further comprising a

di ar achi dayl phosphati dyl chol i ne ( DAPC),, .

di beh@f%%kﬂbmﬁqu!ﬂ iceEor#Hed Iﬂ(fg)polymer at a ratio of between

ditri ' i

dili gﬁgggfg‘g%%ﬂg’t%@ﬁ‘@éw@g‘! %W@%ﬁ polymer).

phosphat i d¥1.eThadwhgnionaslatidd of dlaen 00 sdgeeif drerhydatphobic

of claim 22, wherein the paly is, poly )

(I act FRRCE4 3 BpKinegrorpied vith e pPREIE 8t Fajiositibgaveen 0.01

rati o,.of 20bs el e nol ecul ar wei ght
rangi %‘g %Oﬁ/gmggﬂﬁl?lwe’&%}ﬁwmerei nthe lipidis

di ar achi do32.phsgdsage fymolatibn néclaine 3t pderie thedipidistahe
pol yner a.rati between 5 and. 6. 6 % (wei ght

i pi gﬁ%ﬁ%‘?‘]{pl &lfﬁ%i‘eﬁ@m _tie. EPHR 08‘6%%5*8 Q?or nul ati on of

cl ai myibloipRodihatidAEhsiink (DOPCY OdTRIvkiSiof BbhdssHavidPeNsi e
of mcroparticles.” 25. The dosage formul ati on of claim

24, wEVIBC), dipentadeginayiphosphiatigdcheline{BPDénpr i ses one

ougar SrESipRsB R ARG A5 A ra SR R AR
f or MuBRPO) difeafdydiiBsphatidyRhMide (OBPE)] sing a vial or
syringe of dry mcroparticles and a vial or S}/lrl_n?e gif
sol ut @Wch@p}’%bgmﬂﬁgﬂw@m@ KRARCYr dpehenpydphesphatidylcholine

DA RSB RERITIC] oo

of on S osage ation of
cl ai miilighevesdydphatidyaskmd (DLIGBC pnduhotshatidylethdnslemines.

29. A method of providing enhanced uyltrasound i es,
conpri si ngz%dﬁhﬁg%%a\éﬁl* 4?61%%36105 Ogﬁllafné =Wﬁge’lé‘&g%|§g€’g‘er is poly
: ; o Dai . :

or wg?&{aﬁgcog%ly@tmﬁe?tvnﬁ a%cg?d(]: ¢ glg%e‘ﬁjdet 1388 of TGS vAdight

area lent” to produce nhanced i mage o
conpaswtage molecular weight ranging from 20 to 40 kDa, and wherein the lipid

is diarachidoylphosphatidylcholine incorporated with the polymer at a ratio
of between 5 and 6.6 % (weight lipid/weight polymer).

24. The dosage formulation of claim 1 in a vial or syringe
comprising a dry powder of microparticles.

25. The dosage formulation of claim 24, wherein the vial or syringe
further comprises one or more excipients selected from the group consisting
sugars, salts, and surfactants.

26. The dosage formulation of claim 1 in a kit comprising a vial or
syringe of dry microparticles and a vial or syringe of solution for

resuspending the microparticles.

27. The dosage formulation of claim 1 consisting essentially of one

or two doses.
36



to when no contrast agent is present. 30. The nethod

of claim?29 further conprising adm nistering to the
wepabisanessan agent to stress the cardi ovascul ar PEYAISerm/017813

of the patient and reinmagi ng the patient. 31. The

met hod of claim29 wherein the area to be imaged is

sel ect eggf rpdobszedbatilatiansf dainny cofisisting essentially of up to
cardi ovascul ar region, liver, kidneys, spleen,
br dwstdosesand ovaries. 32. A k|t conpri sing the dosage

for mul atj190 N e fg)frov(ihﬁlg 'fgﬁhéncgg uﬁfﬂoﬁuﬁ?ﬁdﬁ% &ﬁnﬁlﬂsﬁng

reconsti utlng osage mul ati on
f oradfdsifing telo patint therdosigetformulation of amasiniaion 1-28 and

Corr BragTEARAgR oF BRERRS WBI e SAReR AREkbEpERs
Co%%ﬂ%ﬂnb%oﬁ?ﬁéil Héﬂtq f@Rink.onal Iy including

ex0|p|ents e suspenS|on into a vial or
syri nge,3( r'Hezma@od o clains 28 farthen compeiping afminigferipgto the

o TR A SR PR R YRR At e

per ahh@dhtgas, to produce a dosage formul ati on
]%{agﬁ{r%qg gy any of clains 1-28. 34. A nethod

rrakl ng %Hofm;meﬁmdmﬁblatmaﬂ whereinthe e ke 98 ot
coniee R b ettn s BioE B ETCLRELT KA e,
comp ﬂ?%éfﬁﬁi‘*.aé‘? %‘?‘H;"ﬁ?f“nng a0 abpl ol 10 2 vacium
Bfter to32ha i cqmprising thk dpsage oY Bﬁlgrg?ﬁﬁnﬁg’é AT 1228
IOerf or ﬁt?‘%‘g% r&:%iglth‘?naé’{hg‘él%%%ﬂﬂﬁ@g&lform“ ation

33. A method for making a dosage formulation for ultrasound

contrast imaging comprising

suspending microparticles comprising a biocompatible polymer and a
hydrophobic compound in a solution optionally including excipients,

placing the suspension into a vial or syringe,

freezing the suspension,

lyophilizing the vial to create a dry powdered formulation in the vial
or syringe, and

backfilling the lyophilizer with a perfluorocarbon gas,

to produce a dosage formulation as defined by any of claims 1-28.

34. A method for making a dosage formulation for ultrasound
contrast imaging comprising dry blending microparticles comptising a
biocompatible polymer and a hydrophobic compound optionally comprising
excipients, |

placing the mixture into a vial or syringe,

and applying a vacuum after to the vial to fill the vial or syringe with

a perfluorocarbon gas,
to produce a dosage formulation as defined by any of claims 1-28.

37

SUBSTITUTE SHEET (RULE 26)



