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measured and observed than ot hers.
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 ulirasound 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 ulfrasound contrast agent, one would
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Gas mgdedpiblies GuitiebsSilerbRdl. Wini.[Sob. Echohaldl, 3)fp 8328 (1990),
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96/ 040AEstmaGH: Al hapirayJ. %@%ﬂ.ﬁ%ﬁ@l@u leh@kﬂpes

st abi | gy ocryst al s of gal actose (SHU 454 and
30 SHJ@SQ)GHnge );ll so been reported by Fritzch et al.

Fritzsch, Telsin-atcapduint@biicrobubbles 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 ez 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,, ], Am,
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25 perfluorocarbons, for enhancing the contrast in an ulirasound 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 Bracc:) 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
3 '
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octafluoropropane), ventricular chamber enhancement lasts up to 5 minutes.
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 pg of octafluoropropane. The agent
30 is only approved for ventricular chamber enhancement and not myocardial
blood flow assessment. At a bolus dose of 700 uL (for a 70kg person) or



conpri sed of the phospholipids DPPA, DPPC, and
nPEG DPPE. Each nlL of suspension contains 1.2 x 1010
Wb%&;?ﬁﬁgsiyd es having a nean dianmeter in the

-3.3
m cron size range and 1100 g of octafl uoroprod’m&wr’sw
agent 30 is only approved for ventricul ar chanber
enhanceBa e 6 ks, MRS 28O RAY A cdhancBhnBRd: (FARARR
At a bol us gdose of O L (for ac70kg pl)]fgllrﬁsb\gr%? or %ﬁm
2005/ 1¢iesdersRt Eppiobonely B2ABmButes133 g of gas, the
agent has N nt duration.in fhe ventricul ar
chanbers of b’%ﬁi@n@gﬁ’ﬁeﬁnﬁf) ﬁ?‘i‘ﬂ?ﬁe‘é{hﬂlmﬂﬁﬂmﬁes
( Phot ogpinihing pefiedoidxahé whre elipgld Sl -
cont ai ni ng p_g’FI uor ohexane V\lﬁere I5til(t11e eﬁllgﬁﬁﬂgﬂgﬁaﬁﬂit@

conpr i BhogplstlipihBMEC. pEashystlo bf pispenBivRContaimsH 4k 10
suspensi on coqt 3%35 1.4 x «ﬁgrg mcroparticles having a
mean drsfeReticleshavimgimean digmeterlessthan dmierops and 92 jig of
perf | R&ne. T | 4
ventr :ﬁ?g?échan%e?ﬁe %%ﬁglﬁ g glnir(eag?} o\gﬁgﬁﬁ&e Mﬁniggl;ag?% e
bl ood Guhapeemestasimet myogardial blobd Sowassesahent0DA#Bbolus dose of
(for Kk ers or 40 of s, Jhe agent has a
rean P E AR RE st o He s dheach ben mmiom
ch f i3 .

20D nbaonREPhN I thef el hith s of zln}atp%ﬂlg?eygﬁ

these commerci al agents have
- not dpwmteed for applications other than ventricul ar

chanber enhangenent,.and rovi de nean igmage, ..
enhancerrenpgﬁi}rcgstelsbthgsci ﬂ?’ﬁ"@"’@éﬁf”i’tﬁ gﬁY“a’n‘“’&%ﬁ‘E‘é’WéﬂQ gre not
| ast i ngpfdved Bs'appliatiohs Sthed sk ﬁeiwmdr%ﬁmbéﬁ%h&vﬁ efit and

l'ack of commercial wultrasound contrast agents Cc
al | ow RERVidnEEa imaageshaicempat dugations tithe ventriculsy etagrhers

[ I . dj th tricular.
e it gk B RGRG o Mk i e b poiliint
t he prulivasoand coutast agantsiwhich Moackniisncad ahgts oFthes hor t
i nfusion.result in inmges of the nyocardi um 20 which

| ast BFHQTageHIs sysipmy Darfigalarly phiie piyapnrdive andbiie ventriower
equi r%ﬁ%_&ﬁ@rsﬁﬁ%?%ﬁﬁuﬁﬁ%ﬁ,”ﬁ‘h@ﬁ nfs%g&{bga'hgﬁhgaflri AR wh

heart. Typically, "the prior art agen e 'y es
“that ladminifteredwe k bolie loosharnimfusiamurt alif in imhges of the myocardium

nygcar. di. .agent ich.c rovi de enhanced | e
e i s e BB e e el Sy edth
and/ okofidieh 8mpleRy examididh 88 tHehedrR eT '

Charnb oy ek Sombleltrammatioh F e Delrhe FYRoAY. B Hfor atagents

of th @rqm%mqggﬁthgblagrfgnwdé belowena genute 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 veniricular chambers is
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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. - |



rs

R

formul ati on containing mcroparticles that provides
enhanced i nages and inages of |ong duratlon

Iy for cardiac applications.
d;‘}@J?’Bds?‘lﬂ)ssl}the invention to provide a k|t for W/ﬁb%mwonsm
adm nistering 30 the dosage formnul ati on contai ni ng

Lechnt ques. 5 vo 2005 SI0EEY PERFIRSmADD 51

Sunmary of Glimécal studies haowe been condatted andispesificalosageecen

s ng PaHLFHBes AByelored e oDtk FUFIRgar (o PROPK s orated

t her eltﬁbraﬁ(ﬁafﬂﬁéfé&ﬂfoﬁ s&%ﬁﬁ%rdv'ﬂﬁtm@ﬁﬁé’dnﬁ? enhanced i images of

significan enhance I mges of ong durati on.

d os%tg émigdmti/mnt i'The doyqgedatninlationdypidally inckdes ave, tro enup to
doses efera one r L wo

by or o PERaB ot RS ok of B SO At i PO Rormi¥d of a

pr ef emalodphiisik pelyitbr,Sorbfefibl; inflGamp @Uﬂ@ﬁcb@%fa@éd"the&ﬁﬁ and
contai ning a perfluorocarbon that I's gas at body

t enpercartaingng Apestinororasben thatlsegaaatdam i¢mpesetreediheo a

g AeioRa BRSO A ek o R SRR TS fose Kb GRHRG

M it edtrasondd igfaging ih e vonetoli dhatiberOfor iiure tHa #veaninutes

‘m nute, and a dose rangi ng from 0.025 to 8.

mi cr oad/er 1 the RGOy for mere than R RURH®| aydtard@sggwemg from
adm n'OSdZ?rS oF %ﬁll éérﬁgfes/i(gﬁ?@}ﬁv&rgﬂfn @ﬁabi tgé d3sd™®

m cr-opar erre

enbod |admmlstextcﬂ eao & phticms cengels frm@LO‘BQto i4s0 mg Imnm@druchsﬂ;@ body
t he ventrlc ha er,s for e t han m.nut e

‘and/ orVeighty ot e plrasimg n@ﬁﬁpﬁ&ﬁe@aﬂeﬂ%n

dopagend %ﬁ’i&uﬁr oA btP f&%&% tliai %ﬁl\ﬁtﬁ @fdop nﬂhE nBlocbium

ina syringe. In a typical formulation, the dosage
f or nuifertthone than 2 minties. f orm of a dry povvder that is
reconstltut@g with.stenrile vvat Q_use

aarne! t ho 158 el G LT PP o 3 B pginee.

powden aifhicdl fdeiritdhtion, thie @oshgd Formub@RAHE inCthe forldS6Xt (OdiyC
suspension of mcroparticles. In the preferred

enbodiDawder et is Foansiiatsd withetonls walenpriorts use b pdding the
CORf aighgerdo the” Vé% g § rrgg]eo(% tﬁ@ tB?v(E:l J eﬁlflnﬁaléxﬁétoo)fueld an

suspensi on of m crop
S us pe isoismotiovot i3otohiz suEpsmsion ef miicrephritdex dntthaprefsred

¥r: glr gl g&)&gfusgﬁ@lsﬁn 25 co)gwgl rjl ng 1. eggloﬁé:ontmnsgl 0-35%
g]rrgz)gﬁrgr?e %&&bﬁﬁéﬁs RAL Ef'sﬁﬁﬁéh%ioﬂrbr 25150%§ﬁ§ér8ﬁﬁaes/mL of
suspension with the most preferred concentration yielding a suspension
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a mean particle size of 1.8-3.0 microns.
In the most preferred embodiment, the gas is CFa, CoF4, CoFs, C3Fe,
30 GCsFg, Cy4Fg, C4Fyq, ot SFg. In preferred embodiments, the gas is n-
| perfluorobutane (C4Fyp) 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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Descr i pt | or RO HErEHSHPRE S it 2 g formulations for
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ul trasound i nagi ng are described herein.
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ultra nd i i ng_appl j I RS articularly in.,.

ul 1 2B BeR Pt 3R biobd Ressfl e afl Fihasripemniy
echoc auch agmgetiydiaSledd fAowayRemidht, ahydeh@ad bidodWolume
assessnent, nyocardial bl ood volunme assessnment and

vent r i3SsAsEpe ad Hentrigy nhapggment. Def i ni ti ons As
geser gl | erein, the term"mcroparticle"
i n%tfu 'es]j(f‘}fﬂﬂ&‘gjllsh

m cr ospheres” and "m crocapsul es", as wel |l
as ot her mAs ggmarally usebherein| ths termdtlierophitieled freobides ed.

M croparticles ay. gr,.my nqgt be spherical .in shape.
M o aigrogpteses” 3h P rBtny B WIS G i Rp Efeganless
havi ngaiwiielspécified. Microparticles may 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 swrrounds an internal core of

gas.



25 pol ymer shell surrounding a core of a gas.
"M crospheres" as defined herein can be solid

i_c spheres, or porous spheres with a
‘ﬁ‘gkéé%%dﬁ%ed structure or sponge |ike structuPETAUS?Y&A17813

by pores throughout the polynmer that are filled with
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shel | with a®oneyconbed Structure or sponge | 1Tke

St r uckyrfonyfnouste do fferdd thramesnt &f Dyubhatide thinds pivby BRIne time
shell and the pores are filled wth gas. For_ this, .
type 8Ffthsi stanqgithat & reyirgdlgp prrduce Fhei desired diagnostic
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or other dAcenérally useddereirs“ragioy pf mpatient’brefexs o appridnudar

or nore dosages substance required to produce,the
des! v B2 GF BHO8 o the g i si6re RGeS “rogior i Fat Ry {elcis to
us@d Ridsthrobgitve theQntife padbAte MxambRE OF SudhGegions are the
particular area or portion of the patient. Tn sone

i nst apelawnaryagEion, b gpdroimestinaliregion.dhe eardioyasculr vagion

t hrou . the ent tient. anmpl of su .
regi ok AR Bl BBl Flbras R el i epicale
r egi othanitigs, afriallicharaleeds) valive FR@LIOH), tHeired] weliti¥as well as other
nyocardi al tissue or nyocardi um ...heart muscl e)

d i.e._h ,
vent r Pedy mseions,{isspasy ergangtangd e lelw;iﬁsb}déqg thg vossulature and
f t] r.eqi L
;o etatoh e R B b el i8R, cRRing calthious
vascutissuar ERegidn dba patientil iatlodes, Ky skanple, mpidnat wdinaged

di seased tissue,. including canceyous fissug. "Regio
of "5 BB AgoSt eregiiss. LI et Lo e s BRI B
| nageg[thdughqlt]ghﬁg@@&gﬂnglol magi ng. The "region of a
patient” I's preferably internal, although it nmay be

ext ernal . As ggeerellniised harsi “asguddture” damated blowed wessels

depot L.ood vessel.s - 20.(kncl udi rteries, veins,
c?gi I ﬁﬁ‘?l?‘%@g§ﬁt8ﬂ?ﬁn3ﬂrl?w?$81¥1&k€§ a&@ﬁgﬁ%eﬁ.y used herein

" gastroi nt asigendhlly gddBlein fgastroiRstiral egi@iiftludes the region
defined, by .t he esoghagus, stomach, small and | arge
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"renal regig %Iénérglflf fised Wrel Gertaf gég@&’%fe&%%e 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.
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by the kidney and the vascul ature that |eads directly
to and fromthe kidney, 25 and includes the abdom nal

I general ly used herein "region to be
‘?QF@@P%@’ and "targeted region" are used PCT/US2004/017813

I nterchangeably to refer to a region of a patient

uhere dellAgidheillyaleiRith ViRt biShd S BPOGRALH
used herein "fTegloh to be I maged” an I magi ng
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regio o%egx%' atient where imaging is desired. 9 WO .
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herein "venty denbtafly ubddPRieih k‘wawl?&ﬁg%dg’z%@&o HAFFAESE

enhancenent” tefers to the flow o rough the

ven? r itdoaskthrough theenttia af the hearbineone or morecardine cyales.

cycles. As general.ly used.herein “atri bl god. fl ow' .
refers to r%egepﬁrgw %‘Fe I%Polgao‘faﬁqlg]l}aﬂg‘iﬂ Watf ?rat(b%e flow
the hesibloodin €R6/a8¢ul SRFeo T b G808 fayofir dARN 8hhdiNg the
used herein "nyocardial blood flow' reférs to the flow

of bl ddepd vesselfdniheheartaingne csmorteardisaeycleniscl e or

nyocar i umd AEk Al B e S S0k BB b SRS e

in one or cardiac cycles

het@i rvolumposfbiscbdin the vasdulitiraistithe hiktanssclorhgocakBum,
vol ume of blood in the vascylature of the heart nuscle

or nyocar diAfrienerally yasddicssiny GICHeds” apiers o4 qomplete
| e, i t ' i f
hoart CORELElEPeRg IR, AUHIQ bl e BEN Ml i

peri ogsriodss general ly used herein "increased

brightness”, refers to an i.ngrease .15 in {he )

br i ght ness AsEcusFalxusRd hesip aingiatey bHahiRs doioHtta R drprease
Wi 51044 {HRbrightnes AR thagO B mAstd BB Hhagd SvtdBbE %\Y’t

used herein ™"enhanced image" refers to an I mage I C

has i mifaseembeopigitagedss rel ati ve to an i mage obtai ned

wi t hout an ,l tr n cont k.ast agent. ,,20.As general |l y.
used h_erei,r&'é?ﬁr éﬁ?ggedl}eg? r%if’%ce_ ARageriery fo W@?“’\{m’h
whi ch haginiceasetbriphti@hd REASe & arbifndgto8@ined Willdut an ultrasound
detected. fl As generally used herein "coronary

vasodiPETt 88%kfers to a bioactive agent such as
g' By r. | damDlag hedflf DO Hifeil i on™ 06830 B Yofil BRRDvEP
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 fo 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
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Dol (1 SER f et Rent e B salicrions. oxides v s piuigutone
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pol ycar bonat es al kyl enes such_as pol yet hyl ene

and pdqay{sﬂ%gn DI ﬂvwey,aqum@ apdyplends thesdpdh Afgsed herein,

p O:l AP By %ﬁgs’gilgéflﬁgé gaolgﬂﬁgl' Ivh?él sﬁP tﬁﬁ(ﬁng eaiidﬁfbﬁ% oft eePn%al
aci d) grampt ﬁmleya@rhple;alki;d dkylen@;hydﬂoaylanm) ox1dat10ns, and other
deri vat i As used

her ei H:flo‘¥§gd‘tiﬁ’é‘F acgrh%'ctﬁl 6 Ehgﬁ@%@iﬁq avi ng

subst it uti qgmAckdiftpr %eﬁlowmaﬁﬁl polEh &Y Biude Polymers of
exanpl e, al kyl, alk | ene, ﬁ roxyl atii ons, oxi dati ons,

and othyéroxymuistudaas lagtis aci dnﬂémhmqrd, pelylattidee

b1 e gl ety Pt Elafiash bk persayih BEG:
ac: dls Mﬂﬁldﬁcﬁdlﬁoﬁﬁdé)gﬁ?lgﬂpﬂmmhn@ , Plv@utyric acid),
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Bg: z?gﬁ géi{ gﬁ%cm% b}’e@éﬁécﬂﬁ&ﬁﬁér% Eolyﬁ&étﬁﬁ%r SLAARe) 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 (M) 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 hydrophobm and in an
11
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ef [ osel.i ni nd, ol eic
P % aminop. 1t% 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 faity 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
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25 Additional lipid compounds which may be used include tocopherol

and derivatives, and oils and derivatized cils such as stearlyamine.

A variety of cationic lipids such as DOTMA, N-[1-(2,3-dioleoyloxy)
propyl-N,N,N-irimethylammonium chloride; DOTAP, 1,2-dioleoyloxy-3-
(irimethylammonio) propane; and DOTB, 1,2-dioleoyl-3-(4’~trimethyl-

30 ammonio) butanoyl-sn-glycerol may be used.
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chl or Ky dipidhwpatymer).- 2 di ol eoyl oxy- 3- (tri met hyl ammoni o)

r opane; ;
grmgnl 0) bWﬂanoyFfjrled byztftlgg%r R Ifirg% ée’é%%éeréfﬂ’n&%gw\s‘ﬁ%&e
2005/ nREroPartiBled isLn‘Sﬁﬁiﬁtéﬁlﬂ)ﬁfbﬁﬂoﬂuclﬂee Awsed herefre thederms “size”

lipids are phol i pid fer PC, . DAPC, DSPC
Db oribemB el SR e Cipo s B DR gEae PAEBEL

- ang) DRRC.ynlhe o{HeB)\rlge Rl AndRas lefdf‘ﬁﬁ‘eauﬁi’oh:iﬂa@cﬁﬂ"be used

l'i pid/w ‘pol yner) referably between 0.71-20% (

l'i pi dtmdqdﬁeyh@nommavmsﬁpmdﬁ eiza Xy lislm%be(lwwi | pi d/ w
pol ymer). When fornmed by the nmethods described herein,
the size of thg',m croparticles is consi stently
reproduci bke._ £ ‘uSed herei n, the terns "size" or

“di ameter" “I"n r@ference to particl es refers to the
nunber average g;fti cle 10 size, unless otherw se
speci fied. An eXanple of an equation that can be used
L0 dajildienl-puRtitae pafitRs 398 oleh blaticferige (X') 1
shown bel ow. Yn, d, where” nl= nunber of
particles dsfsxgecgh«:mn,fdmm‘éfplm f)verags dipesder; eefeisrip the

t t %o me welwt'e d dintiletts %veqﬂlager.re egxamrﬁ of equaﬁonshrﬁat can be

used to define the volume average diameter (Xy) is shown below:

_¥3

anidi3

i=1

20
=1

where »; = number of particles of a given diameter (di)
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
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sus Pensiicepaziici¢syhawc a dismegerdesSddn ebght tfcd@. 2D41Eérl 20587
PCT/ US2004/ 017813 [tisizer Il fitted with a 50-g
aper t u?aécr?mczesm?ysé\fuﬁ% [;IW&PEIBPW B@ a%ﬁ?%@amﬁmgwp%[% gnay

and  pandtiphdvidsuitaait cahtR0 Sffect MHeReRhE] gﬁ*am i
enbodi.rrerlljfdfor t he prepar ati%n of Il)i%?lj ectglgr cle size for an

ni cr opiireyenpusly adpiiiered iliyaseuidrognirast ageghisttietveen 0.75
pul mo nﬂfc\f?lﬁ%ﬂa H@E og? gg isﬁ:rhtg%t gﬁegépa@rg ?)g S %1'1 ?!Sea%d@%lt%icamns.

di anet’ér T ess n

m doopar t i dhele prafnel egbbiEndi thoREdpabiedes 1ARE 2 18Ry cBMbed
m croparticles may . _not provide sufficient contrast

ef f ectStrughige Prrspprge like stiuetusy Sormed by pores shrpughaah the polymer or
. ah t t
o bot G etplarRE] S obinbiic 98 QA ARl g 3 nge

pr ef erlilte, poroed stmeturd. I8 bathcbasesGherparems fl1d@ with dabeThese
preferred enb

di nept , i ticles have -
Poney CORREMRLS e igd BY Stigh G § RAYSS: HiNtimmontaining a
f on 58 dhdpy fRRrRS ekl ALY EQgtroltaﬁﬁ SR hﬁ%ﬁr&m&{dhbegm

m croparticles have a polyneric s
‘honeyconbedldraseypuhGentriastdaaging Agentst ructure. I n both

cases the pores.arefil.led wth, . ~Lh

ot opar 1 CPEEPISY et Ao st bkt ot Foe CoFs
sol ut i Qs F{Rand SKY. &-R&feroButhRd (,R) & iufa!z’l‘g)b Rred
vol ati | essal,t as _descri bed bel ow. @%ﬁ%rg?gucnd rﬁtrast

| magi rR§C24se Hipgovides an insoluble gas that will not condense at the temperature

20 of use 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 150-3 50 pg/mL of
administered volume of microparticle suspension. For n—octaﬂuoropropane,
the preferred gas content is between 75-375 pg/ml of administered volume
of microparticle suspension, and most preferably between 120-300 yg/mL. of
administered volume of microparticle suspension.
30 IIL.  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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pr agu C@&a@dr@ﬂ)f Y, ifonanfid8Ricetic &did, dahég guﬁfohaetnMSO)
t he pol yner 2005/ 120587 PCT/ US2004/ 017813 nust

be di s&¥Hl G\hémiwn ispaeay be utilizedor iggmbinstionsi thereefinin gepral,

or |i Lcle,

o vertd oBielle d3ehad 88 R SAPEPOVE L Cangionaying
di Issol ccexdentmuan sﬂbameﬁn 0.Aand 60%fv|:¢iglﬁ theglam& (wN’)ellnore |

pol ymer sol e i, C vent that is volatile
or haEre?f W@*’é} @Efi 6‘%? ﬁgfo I(WE’S # Apst preferably fhetween 0.5-
r eAyVvehoy vacuum and which is acceptable for

adm ni str |on to humans in trace anounts, such as
met hyl ene ofﬂrquwangQ her solvents, such as et hyl

acet at e, f ok anol

f or mani de ( cg%t%?@re%ig@?’&’ﬁ?quf’ﬁgvsw dryin, yéssowmg
tetr afw‘ﬁib@cfrh}%a%iﬁle( Bﬂj’ﬁer afn@ THFRTnG8, appfoptie s@ﬁbﬁh dlspersmg a

di met hyl sul OXI and chl orof orm al so nay be

ut | | i e %mllzﬁﬁﬂﬁmr?étal S@hé ot #ed sdetion lntogbﬁ 9?13111131‘ saltéon, and
87t )RR B By P o
6 O% \/\/ang:l'dpartmleso lﬂsmﬁ(ml Werein/he @rodﬁﬁs&ffe‘lﬁ:]ﬁ’ajr dryg vieRution
20&5( 39%\%13% ;{%er anx a pgpedfogmtg a@glftfrgt[m?sbtlo% p?c?cte\sl\fv%ﬂergmsthe 1o
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 formmg agent, the polymer used, the concentration of the
: 16
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dr Y NGoda S} gﬁ,ﬂg : &ﬁﬂqﬁi% ;
poangg?dsi’gﬁlut??gn andst té&{%gﬁgg?%rﬁfr‘l ng %%ﬁ‘t’sﬁ& %ﬁ%gﬁg 4
nozzl edrpings ddtematively, 4it Hlied miceomattidldseap bb prosiucabduringdhe

Concer b RYRE R MBI s AR i i petiforocarbon
PCT/ USRE84/20815fiib% st oTWe deBirsPhdslth #13 micRipattitRS, Hpulling a

pol ymer sol vent, the type and the amount of porée
f or mi rgcHye o the micrenanislesdo ueraovsf the prcapsubaged wintther filliog

T T R T

wei ghthe usbeiflaageum blep ipasel ite bhangeahe %@sum ng the
pol ymer 5 solution _concentration 1s the sane. Typical

process par3fditigesstoigceilitate MicgppantigulateFormation ows:
inlet t : = =
0oL (STl ey AluAl0y SR gL Aot oo
gaseousicthipagviest Exemplaryt emelyifiers @sedpdattatvhithmyay be used

iy t 0 ifth th | | ut i d
eI S 5o AT SRR SRL LD
Al 't er natildifibey, ERhiples lnchidle Bh&bARAA birFhed® f6R0 Bile salts or
produced dur Ihnq%@t he spray drying step and

subs edpileeidy, hatleceujwgatasivie sningi ackls ahd uprenfugatsd suelr 4so0n
| gas bxa‘ﬁ'?f%(??{‘gé}?ﬂﬁﬁs&ﬁﬁﬁ }]cgafacgci.he desired gas to the

m cropar or’ pu
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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h 5
2 e R0 B OBl Sl e Lo i
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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 reconétitution with a
pharmaceuticaily 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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Rem ngtons: Jh i ence.agnd Pr.actice .of Pharmac
ellBe R R R E T v N S S p——

powde fch@hberNTThe GRAs bi @Irﬁﬁesafﬁé‘ 1R SloPh&8d 8r éappbd 8Rd BALO¥ase
suspendi ng the mcroparticles in a " sol uti oﬁ of

exci pio&ials, cypedheThis results inperBunsocaghorsheadspanein the vial or
used is?riﬂ‘% needed. The m croparticles in the solution
ipients are filled into vials or syringes,

of exc
frozen, and.|Iyssppe United to create the dry powder

f OiSmJ at] or]])'iﬂétent 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 exira 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/m1.; and the most preferred mass
: 19 '
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m crospheres_in the suspension is 25-50 ng/nlL; and the
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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

onan elastomer, such as poly (isobutylene} or “butyl rubber” and must be
20
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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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25  inthe 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 pharmacologlcal stressor or a physical stressor., Sultable
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region over time is indicative of reduced blood flow (i.e. a defect).

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 paitient 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
' 23



R

heart contraction) such as dobutam ne or a

chronotropic agent (i.e. increases the frequency of
contraction) such as dobutan ne. Suitable physical 5

VO 205481587 i ncl ude physical exercise, such as RETHERMFO17813
atreadm Il or a stationary bicycle. For radi ol ogy

appl i cati ons hg‘i m croparticle conposjitions are

adni ni EPERYIHAPHCLOY,COPRATY LRRES 19Sisn ¢ PmRATiSAR g

USI N0 1dadéluhd ARAIOGE HERERIARIR FARNANE Ml iRl Son PP Afont
of the region of a patiéent to be exanined. 10 The

m cr opaminisireiipnocan b mads ddthin thsprestressistatd (igcresiotateXand in

t he i oV ul ar system as wel,] as.to Se

oo B SRR REG A oSt R hn onf SopkBed WP Ryges fgpnd
to sli afpRgreRiaginy biedst dutth RA6Endoi) 19 Nffichtive b BEMemia.
di sease). For exanple the microparticles can enhance

i magesA 8iyocwdial yeginn withouw enkanaeeblenightaase faund durisg steass i n

regi ongl r.di Junctd on. analysi s 15,1t hr ough wal |

ot | o gRit agflg‘i%{\%mgélﬁaﬁn% Ig%ﬁ%%g? g%%’&?aé% function
through ejlache embbdiarhi, de MpasidisBoddsHow b be measured by
m CrOpﬂ%ciyg'l es can al so be used to assess nyocardi al

bl ood inisteringraditatipiestien i paicrensticle eeraprsitiontp ggtient,
199, 2SR L SNERN G el B g
cont r adtibleiimpngd of tHe tadiogasciular tdpbory)dadudinga sae obstress in

used as, an estimate of nyogcardi al bl ood lyme, .
si nce th PRisgbmRE & ASRLQBIGY SHEOT PRRRESe, _3’49 administering &
| Nt r av@seidl igfebdlod O thOWiGEpdrAtiE RURPNRorPAHE BhfinkiAg -

The absence ‘or reduction in contPas; Intensity or
i mage spatinghg, aed £ )iassessipmdifferarices inthoirzagds olbbtained gi seps (2)

over ti i s,indicative of redyced .blood flow (i.e. a
deFecopTpLgreniiivatieds LAEANE BB er o

coronary heaay kadiblogpasplichlistadthe 2 clop@icled niahde vaéd @US
regions of the heart as_assessed by technj ques such as

ul t r adBpERYedbneapabilitios of ulbpiound imegingior radiclegyimdications,
det ect; : k] ' ' I b

sover & Had8g il oFRERIGTRY, jhlcPind SerBhaPOUSulM SIQE,

bl ood ifdreavirpethe eisibilitytofibkoodetoms aml hloddflow pakaneaddiey

bl god .fl ow, r irepents to the heart by inducjng a

st 2 o impPreineBe delagiiopal small Ipons R aruchige dpgp WAGH S body.
t he pqtﬂe%fcro%élﬁfcféggﬁn Bé u%ﬂ BHHR SRV QB and microvascular

phar macol ogi Ca nmpound such as a vasodilator, an
i not r dpdicatingenin macravashulenindicetions (gatagnosibof disepse states and

exerci se,.ar rmacol ogi cal _stre bl Qqod fl.ow defects
can beOdRant BPG yEs SPL DL Ee Lot Ba BHPPYIE s may

| nCr eagkinthe eteétl MWfisirokRhng Peb-stfoke oM ¥RisROBRlHER SR lalization
PCT/ US2004/ 017813 .

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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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 brighiness 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
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| ES_ mlcropart15cles to (t)he 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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phosp TR by ICP-M5. The anount of phosphorus

present in the mcroparticles was determ ned based on
t he arabid 1:a6CBystephPanitettaund in the nicroparticles

in 3@ mount—of phosphorus in the
phos W Headspace, | mL sample loop
Detector: FID
Column: Supelco 60/80 Carbopack B 5%
Fluorocol
Inlet Temperature: 150°C
Detector Temperature: 1 325°C
Carrier Gas: Helium (25 m1L/min)
FID Gases: Hydrogen (60 mL/min)
| Air (350 mL/min)
Nitrogen (5 mL/min)
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m croparticle mass per nL of suspension was cal cul at ed

by addi ng the anount of polynmer and phospholipid per

‘&bahﬁgnd then dividing that sumby the reconstjtution
PRE2P87 L) . 26 WD 2005/ 120587 PCT/ US2004/ 0 FEE{452004/017813

Particle Size Analysis A sanple of reconstituted

m croparticles was ed, n electr te solution,

and the resulting sﬁ&ﬁ%ﬂs{;@nfﬂﬁgﬁ?gw lg"‘ﬂﬂrti cle

si ze |and ~ m crop3rt gikigl cONCenReRt 1 0

Mul tijsizer Il fitjted with
Cont ent of M cropar Tewpes

recon h—@rﬁﬁ"‘
mi cram EP%d'suspen Gn. [The ul ti

anal YA8: Ry DFE (COTIGRRT 1Y WERFTAW N0 Z5eT OF 003 iy

mL alliguots through 10 thg stopper usling a needle an
syri niecoikhRampalli qUEsP€ wer e 107G/mit ed i n180°Cseall ed0.0 min
headspaeeyal-s—TFheheadspace_vial sequit] ted-for—.
at | dasirdRpmp oy s 3?’0F%omtéﬁ1§¥mure. 290 es | wePd min
t hen AN Nen [Megpgpe: ta 425Gy for 40 ”iN ESTIMN 31 min
headslpace sanpl erl_oven.. THe headspace gas above[t h&
suspension was anal yzed by gas chronmat ography using a

pur ge acked inlet 15 .a flanme ionjzation

det ecmméﬁinﬁr9§¥q@ﬁ ml epatdicies dox \seap amUlraspund
based é&lﬂgis@A%%{‘t calibration. The GC system
paranmeters and tenperature programare listed in

Tabbes 1 oAmlo2ani¥ ablvBor waCpregysd byndRaokxingt ¥i6 of PLGA, 10.6

S [ . . Head P | Detectqr: FI.D
L g e L
T . . 32 .

GZQP elrg}bi umc%%gﬁg_)/ m N ’(éhid:)lg'%E ses?idlj—i&cgc} ogen (g’gﬁﬁé o

L/ mi rehloriderat 260D An Aqveays solution composed of 68.5 g of ammonium
bicarbonate dissolved in 338 mi of water for injection was added to the

10 organic solution and homogenized for 10 minutes at 4310 RPM in a 10L
homogenization tank using a fotor—stator emulsifying mixer.

The resulting emulsion was spray dried using nitrogen as both the
atomizing and drymg gas. Emulsions were spray dried on a bench top,
spray dryer using an air-atomizing nozzle from Spraying Systems (Wheaton,

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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Nitrogen (5 nb/mn) 20 27 WO 2005/120587
PCT/ US2004/ 017813 Table 2: GC Tenperature Program
Initial Rate Final Tenp. Hold Tinme Tenp. Initial

WRAYS1ME VA NA 2.0 nin First Ranp 40C 5C/ RCA/GS04/017813

0.0 mn Second Ranp 65C 10C/ mn 130C 0.0 mn Third

Ra ] co ] Fi.nal Cond 0C. N A
A3 93 o el el P e iRl v drplet e AT
for Usgevast Raatibl bf B @persfon. The GRRbiRAIwAIRNed Brbiph 25 um
organi c sol uti on was prepared b%'dlssoIV|ng 176 g ©

PLGA, 2Bd 28 pnyscsgend imsesion pkSp) hZheé gigveahdibpension was filled
1, 2-djar e le] n- er s 3- osphochql i

( rpo S AR LG B 70 4F FR) HanRiS Spacg qcdrozen by

et iy limaersiehindiquienidbgdbC.  An aqueous sol ution:

conposed of 68.5 g of ammonium bicarbonate dissol ved
in 338 nl dPllpwing feeging; the winly werelzephilivgdd At thetdvaciusion of

i ok Ut i for 10 .ni
o PR o0 RERAERL G, ARl e e
r ot or batldiied istothsviblkiio g prassee of Brdlopesulstpion tefbpperiag.

was spray ied using nitrogen as hoth the atom Zing
and dryi ng 1ga&ry powdeWas secpastiuted math JgmlLaf sterlewaienptior to

to ' - Al 1.7 ] 0

oy PReP B e i 10 R Vg I AT pehlh RSBGpg I a o
ch arrg euﬂmlymbmnﬁnmyqlaﬁgﬂéamnsoﬁmgc maBnikolk Mhs Buspension

West bury,, . - Spleay. drvin Ltions, were, as

Vo obateinbl o P Mot ol B s Rliongand |
at om gfklo8ayt / i r , :
T OB o b s OkasioR all 1 cfipa Red 1B S mediHfrtcle

- f ur t hekze gf 32asiseast hr ough di spersion, 20 freezing,

a I I Ligation eps, ;AN uequs, vehi cl e was

ppgjp arﬁg‘g%}é f'd R?geo?é(i&%%ﬁi%g& %g\m ﬂh‘%%’ rgpattirles, 10 g

of pol ysor lTae ext86f g3 18akagd frein tmts@%arate bhRhePMBAYChA drRiBatch

m cro ar§| cles were dispersed in the vehicle at a

) of microparticles as produced by the methods of Example 1 was assessed
using gas chromatography (GC) as described in the analytical methods
sections. A third lot of microspheres (Batch 3) was produced similar to the
20  method of example 1, however, the phospholipid,

diarachidoylphosphatidylcholine (1,2-diarachidoyl-s- glycero-3-
phosphocholine (DAPC)) was omiited during the production of the
microparticles.

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

Gas Content Gas Content % Gas
(ug/mL suspension) | (pg/mL Vsuspension) Content Lost
Immediately 70 minutes Following | over 70 minutes
Following Vial Vial Reconstitution
Reconstitution
Batch 1 341 312 9%
Batch 2 259 232 10%
| Batch3 139 18 87%
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concentration of 25 ng/m . The dispersion was
deaggregated using a stainless steel, 800 series,
égwel | sonicator from M sonix | ncorporat ed 25

185851 e, NY) and sieved through a 10" di 39@@?094’017313
vi bratory sieve (RBF- 28 V\D 2005/ 120587

Coni cat or 1% StstopetEles iR oplpime ARG ISk BBbrpray 10%

t he dl(ﬁ'Wﬁmﬁﬁg gamncans Eﬁe’r%%ﬁnﬁ@§ “&bﬁxﬁﬁemb&kﬁ*ﬁxc}%@ which
and 20, mscreens_in series at 150 nL/mn. The Sieved
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| yophidonhaitkelafive td e afioopaties without tHODAPG, ZRik ﬁﬂzca&:@ Shat
chanber was jsol ated, and n-perfl uorobutane (DFB

backf ithe wglusionet DAPG isdmportent 4o hedermationof tbeantemal porous

reconarpaue b b ABRREb Rorel Gl BRHGR et s

- use bymﬂﬂniﬂmgnik:i’t@ammesr to the vial of the dry powder

and shaki ng,E]t] Hllﬁl d.a ﬁuspen3| on of mcroparticles -
in isosnoti fon ehiategdeusesif on uitespingd onatrast agent

109 mfgﬂ&ﬁﬁ% Eﬂlﬁhﬁﬁfa@gn% | oir;bséfﬂéhuﬁ B 11870 of 30 chonds

mi croparticres/nl of "suspen e mcropartlc
‘had a toré@mipates daplemdmg pu thedfpPofrardiclogyer rafioldgyautrhsound

2. Rate of (as a omth cr artlclesl The . .
rate. 8?%%’&“?%%%3&@3 805 1058 2o 08 iy Qpdclesontaining
and Bakghpid DAEE 1s@sﬁﬁ1%ﬁ rt& b&hﬁ%ﬂﬁﬁaﬂﬁ cﬁz@f‘ﬁﬁ%eﬁ)ﬁd bbe

met hods of Exanpl e was assessed using gas

chro %@WWOQS described in the anal yti cal
3 oo danRE LG R T BatieoDon b BRRH OGN bE Ak et

howev@yoset he phospholi pid,

di ar achi dowhosphgﬁl dyl chol ine
(1,2-diara 2§ pyrdapesl by th msdisdde Farmale | wapcpudied

Lt ol VAR gt
Gas L adfiagé nﬁIo of $ibrtle opertto tHeodal Gad shigkingethe vfamrmﬁésa The
R R SR L SRR oo SRR RL oo
Fol | owppiaxiviaadly ‘S{V Mg/REC Wubjekts¥hdeRRd a single dose of either
0.5mg/kg, 2.0mg/kg or 4.0 mg/kg body weight. Subjects underwent
transthoracic vltrasound imaging uéing 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 veniricular 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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Reconstitution Batch 1 341 312 9% Batch 2 259 232
10% Batch 3 139 18 87% 29 WD 2005/ 120587

‘g’(iT/ L5J82004/ 017813 The m croparticles which contai

ed
T approxi mately 10% of the starting ga"§TfU320041017313
content after 70 m nutes whereas the m cropart| cles

which did OBl St 8 artl
gas cont ent'ﬂ%)&gg %tg‘f'f@oﬁ’tft 3% 3‘?"3’?

cont-ai ned DAPC had Daee gher st art| %ahrgh{mﬁ;n&as 5
content relafive to the mcroparticles wthout the

DAPC. This i hd{tegtkabodneeighdhe i n¥eosicular ChabbeC i g
i mportant to|the formation of |the i rnal rous
structure of|the mcroparticles dur:ﬁ@aﬁ E8’dryi ng as
wel | on reteption of gas w thin the ghig rtlclec.
The total dukation of jintended nse af - an ultraemm
contrast agept 10 f&Hl ow i ng adm ni stra246on to a
subj ect i s gpheratygn—the—ofitder—of seconrads—t9 60
m nut es dependi ng onz'phe type jof cardqa9)§y or

radi ol ogy ul frasoundggexam nafjii on conduyafg£d.” Thus gas
loss fromthe _nmicroparticles containing the lipid
DAPC is estimated to be insignificant over the period

! mago EARIE 3t oan e g NPl L E o enell o i or

M cr opAdskdsil oS arHiaéhifd ed by the nethod in Exanple 1
were studie in healt human adults. The dry powder

. wasSr econst4 comparaive eardipoulirgeoung imaging syds was conducted in

£ mes. gyt e o Phodt el BAR Bftclad kil 1B

t he r essbjeti rogeissdpsngle abmiBSratipp bOMi &hMeéS:Zs 5pfgéhﬁti»ad by the

Subj ects._r c ved a Si ngl e dose of eit

2. ong/Rehes okExrmple kg The dyy nexdgRivas w%wéd Hﬁ@’éﬁo\k@ﬁ by
transtjaaf,ac ﬁL@f%fe?Wﬁl@r oRG ggcﬁédss'hﬁgng ﬂ{étwhgl{gﬁ' fimes. The

har moni ¢ I"'magi ng rame rate 1 ransducer
fréQu éimycmcmmﬁtﬁmmﬂmlcrospmgﬁssn ﬂmrres%mmispgnsuﬁﬁwas

assesse an dur at | 0 enhanCerTEnt
e b Bhesh Rkl AR B ol O f FUGPEROR Ratber
excee Ero%mlﬁfhltﬂ"ﬁﬁ S1AhL RdRnditE 'F—hé‘Et(s{‘ﬁlb?&g 1ébei¥B 5 Yose of

doses. "The contfrast effect was stil
4mg microparticle/kg which corresponds to a gas dose of 27ug/kg body

weight. The second subject received a single dose of the marketed
15 ultrasound contrast agent, OPTISON® (Amersham Health) which contains
perfluoropropane containing albumin microspheres. The two subjects
received the same total amount of gas (27pg/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 dutation of ventricular chamber enhancement and myocardial

enhancement is summarized in Table 5.
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mgMicroparticle Formulations

atlon

Microparticles produced as per the method in Example 1 were

administered to a subject 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

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 siress, the subject received a second injection of the

microparticles (“stress injection” 1.3 mg/kg) to assess the myocardium

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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The duration of ventricular chanber enhancenent and
myocardi al enhancenent is summarized in Table 5. 31
Q('\ﬁaz &9%/# 0587 PCT/ US2004/ 017813 Table 5: Durati

A¥ancement with Different U trasound COWT’Q&“M"‘”"SB
Agents Contrast Agent and Duration of Ventricular
Dur at i ocar di.al sSe,. Of anbe . .
Enhancices MRk o BipearRalinie B oo teSted rudischonis
(mi nut ﬁﬁﬁ%@éﬁﬁp T8e #dtectich o¥thediacha@nbifitEasitg494Snate

body weight) OPTISO 1 10 (27g/kg body wei ght
The i @m@wﬂﬁ t@h@ﬁu%@@lm@@agggng( randrsbressomclbas perifiséan

vent 11 Refaendicho i FERRRERCAEE AP AR sl (Be subject

si gfi f wasinidged being & combrfcidAlFhnBtdN duhter Thybibfebts ab®d odfthe
approprlate duration to, conduct a conplete cardi ac

exam byttrasaungd sest Al stregsimagee wete onnfigs adrom thegest and stress

Myocar &@ﬂnﬁhﬁ J 0. Assess I schemia 10 Using :
M croh%%@%cﬁg ormu g%rons M croparticles produced as

per the nethod in Exanple 1 were - admnistered to a
subj ect being evaluated for coronary heart disease.
The subject received two injections of the

m croparticles separated by 60 mnutes. The first
injection of the mcroparticles ("rest injection", 1.7
15 ng/ kg) was used to assess the myocardi um at rest.
Prior to the second injection of the mcroparticles,

1 he subject was..pharmacol ogically stressed using the

coronary vasodil ator, dipyridanole (0.56 ng/kg). After
the induction of stress, the subject received a
second injection of the mcroparticles ("stress
injection” 1.3 ng/kg) to assess the nyocardium 20
under stress. The conparison of the rest- and stress

i mages over tinme post admnistration of the

m croparticles for the subject indicate a region of
the myocardium which has mninmal increase in inmge
enhancenent and .this
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regi on becones larger in size follow ng the induction

of the stress. This 32 WD 2005/ 120587

PCT/ US2004/ 017813 indicates the zone of nyocardi a

tissue has both infarcted and i schem c conponents.

The detection of ischemc v@s confirnmed using an
Iternate di agnostic techni que, nucl ear inmaging. Rest

We stress nucl ear perfusion were conducted foll ow ng
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are porous sp eres with a honeyconbed structure or
sponge-|ike structure, wherein the dosage formulation
conpri ses a dose of mcrospheres effective to provide
2. Therlegage tprukigfiers ofataimi Thirguging Gnhatsed WirRseund feages iythes
ventricylar gBameers foranerartham mssies ¢rin ther myeasrdumtemergdhan 2
minuiESnut e in the nyocardi um when the nicrospheres are
adm ni stered intravenously, and wherein the dosage
ranges fromO0.5 to 4 ng m crospheres /kg body wei ght.

3. Thé-do q@%‘é‘%\ 5:% forl G di rlrrar;%rg‘ﬁdﬂfg e%hﬁﬁdé‘d]urt%s%ﬁhﬂnﬁkr%es in the

vontrf h5a% R Ventricu

nbers or nore t m nutes or in the nyocardi um
for nore than 2 mnutes. 3. The dosage fornmnul ati on of
. claim1 providing enhanced ul trasound images in the
4. Theelosage iomaniatdraofudain 1fio theatorh eh s tdrBowden vf edcrosphemsavhich
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syring®otbe dof povidsr o beakiy tahjiiait an issambtic suspension vUmisdospheres.
Wth sterile water prior to use by adding the water to
the vi al or syringe of the dry pomder and shaking to

o% nsd ﬂ' oht? her eeS s prrsrng
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th w
i
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wher&ﬁ%@&oé&%@foﬂrﬁfﬁ?i%ﬁ abibRses§5RI &t mhii®spheres effective to provide
enhanced uitrasound images for more than five minutes in the ventricular chambers or for
more than one minute in the myocardium, when microspheres are administered

- intravenously, and

wherein the microspheres are in a dry powder form, and wherein the microspheres are
reconstifuted with sterile water prior to use forming a suspension having a microsphere
concentration ranging from 1.0 x 10° to 3.5 x 10° microspheres /mL of suspension or a

‘microsphere mass concentration ranging from 25 to 50 mg microspheres/mL suspension.

6. The dosage formulation of claim 5 forming a suspension having a microspheres
concentration ranging from 1.5 x 10° to 2.8 x 10° microspheres/mL. of suspension or a
microsphere mass concentration ranging from 30 to 45mg microspheres/mL suspension.



m crospheres are porous spheres with a honeyconbed
structure or sponge-like structure, wherein the
dosage fornulation conprises a dose of m crospheres
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providelddh an Bhowhebetiveed NBagRS75 pgMmlLosflaailinisterpronmeof C3
micropphare desbensioan anount between 75 and 375 pg/ nlL of
adm ni stered vol une of

- 15. The dosage formulation of claim 14 wherein the n- octafluoropropane (C;Fs) is
provided in an amount between 120 and 300 pg/mL of administered volume of
microsphere suspension.

16. The dosage formulation of claim 1 or 8 5 wherein the microsphere is formed of a
synthetic polymer selected from the group consisting of poly(hydroxy acids),
polyanhydrides, polyorthoesters, polyamides, polycarbonates, polyalkylenes, polyalkylene
- glycols, polyalkylene oxides, poly(valeric acid), poly(lactide-co- caprolaotone) and
copolymers and blends thereof, :




m cr osphere suspension. 15. The dosage fornul ati on of

claim 14 wherein the n- octafl uoropropane (C3F8) is

provi ded in an anount between 120 and 300 pg/ni of

adm ni stered vol ume of m crosphere suspension. 16.

The dosage formul ation of éaim 1l or 6 5 wherein the

m crosphere is forned of a synthetic polyner sel ected

fromthe group consisting of poly(hydroxy acids),
17. Theldpamjeydrimidetinn @alajoritdrde dtrthes comurisjrana desophobic compound
incorparalesiawitiotha pelymep at § adtioydf bamsen [Bd) yaid30% Geeighgl hydaiphipbic
compuihgaieight eolgmeri des, pol y(val eric acid),

pol y(Il acti de-co- caprol actone), and copol yners and

bl ends thereof. 36 17 The dosage fornul ation of

furt o ri.sin hydrophobic . . .
18 f%r Ic 0 s a linid
e i R e e
npound/m5|ght polymer). 18. The dosage formul ation

of claim 17 wherein the hydrophobic conpound is a

lipid incorporated with the polyner at a ratio of
19. Thelduefje Ordlatmchf 3RHm (18RiHhdin ItHeﬂipﬁiH 18Rl (Hakphdlipldy B8Ected from
the giflip cbhsistlRsEaRIdspRakshidtiapcidling(BOPCY8 wherein the
dimyfisteyiphdsphatidylRasieqDMPCh, spkeatiesanbyipRosphBgdyithelife (DPDPC),
dilauR9PabsHangyieHolife (bieay), ppasiiopibheyhendlicHiind [SPHE),
distegtoiphosphandyriresih @SRy, aanichrieylphdddbktidylcholine (DAPC),
dlber@hpﬁﬁm@ﬂ»aémwbmwm)l @ilﬂc@b@{ydylﬁ)ﬁoédmﬁﬁ’@hohne (DTPC),

diligneitérappatidyleasipeaDLAPO) el bhResphetiRigthanolamines.
di pal m t oyl phosphati dyl chol i ne (DPPC),

di st ear oyl phosphati dyI chol i ne (DSPC),

di ar achi doyl phos phat| I chol i ne ( DAPC)
20 TB ggwd‘ [rﬁy.ﬂgt% p|aﬂ§;| ny q’:rﬁ@t ?)B‘Pi er is poly (lactide-co-glycolide)
o) |aC\H@ght@é/e Fﬁ@glecular weight ranging from
20 to 0 66%]”5 I[ Heligh |'%H@TQCH@°YIB\1@5@? Wolme incorporated with
the pa'w *aﬂ%‘?loé HHRBN 2ANAES Yeyeiohh ipidyeighb PRYMRL at i on
of claim 19, wherein the polyner is poly
(lactide-co-glycolide) wth a lactide to glycolide
21. Tﬁébbéhg%ffoﬁmﬁatﬁﬂ%f @Iaﬁﬁﬂ Q}W&S iRY AR 0LsyIPLE %Hﬂnﬁﬁsﬂ@la@i powder of
microsphéedd from 20 to kDa, and wherein t 1T pi
di ar achi doyl phosphatl dyI chol i ne incorporated with the
polymer at a ratio of between 5 and 6.6 % (wei ght
|'i pi d/ wei ght polymer). 21. The dosage. formulation of
22. The dpsage foimuation oéclair@rzwvhesvmuﬂn@wakﬁfrﬁwn% fmgher epnyprises one
or m%@m%?'eﬁlﬁ Selﬁ?F@ﬁd@ﬁh@ﬁ&OUDZ@nSth@ am@aﬁ%mdlsaﬁa@am@f
claim2l1l, wherein the vial or syringe further
conprises one or nore excipients selected fromthe

23. T GO FAtloN%r SURRY Br %ﬁ‘ i Asis Efv%% 2fd
micros H%ég afds v a‘?é) nﬁ%é 8fs tloﬁ co@ﬁ h % s:f‘pgzres i

ising a vi r syrlnge 0 crosp eres and
a V|aI or syrlnge of solution for resuspendlng t he
m cr ospher es.
24. The dosage formulation of claim 1 or 5 consisting essentially of one or two doses.

25. The dosage formulation of claim 1 or 5 consisting essentially of up to five doses.

26. A kit comprising the dosage formulation of any one of claims 1-3, 4-8, or 9-25 and a
solution for reconstltutlng the dosage formulation.



24. The dosage fornmulation of claim1l or 5 consisting
essentially of one or two doses. 25. The dosage
formulation of claiml1l or 5 consisting essentially of
up to five doses. 26. A kit conprising the dosage
formul ati on of any one of cd@ains 1-3, 4-8, or 9-25 and
27. A maifddror makiﬁﬁh does@khbiEtior@r blﬂﬁs&ﬂﬂ%ﬂtrﬁﬁﬁmbiﬁ? lc8Mprising
37 27. A nethod for making a dosage fornul ation for
suspeandingsaianoedphesed camsrisingss biogoropatibid [Silyraer Suispleydioprgpbic
compwrdois prestudien optigails inclydmglexoip@mizat | bl e pol yner and a
hydr ophobi ¢ conmpound in a solution optionally
placing e, iysRgnei ings aNiBbor sYBgs.ng t he suspension into a
[ Qr._syringe, freezing the suspension,
ffee%@@%ﬁﬁ”?#ﬁ&% he vial to create a dry powdered

lyophiBFiRgHR Wi B rBatePPdry nRlva@red FUAUMIRN it RS vidl BF Kirirdde!
e AR R Bl oSGk bear Bon L Kpririgel 8%

osage fornulation as by any one of clains

to prbddce Addkaqe fG@mafatioR&s dafimeRt thoshyf die dTekirhg 138, dBSEaR25.
formulation for ultrasound contrast imagi ng conprising

dry bl endi ng m crospheres conprising a bioconpatible
ol ymer. and a hydrophobic conpound optionally = .
28. dorigaking p dreadedomiylationder ylisasawnd copteast irhaging gengprising
dry Rignding migespherrg capprisinga biccomeatifle pelyiReand ahygpphobic
compgydaptionally campieing RYCIRIBRtEpsul ated air, and filling

. Vi ' with a perfluorocarbon gas, to
plac%ygrlfu@g&uég@gég@&gsry%g%ti on as defined by any one of

and &ppNida YadunttoBhe Ofal & FFinge to remove the encapsulated air,
and filling the vial or syringe with a perfluorocarbon gas,

~ to produce a dosage formulation as defined by any one of claims 1-3, 4-8, or 9-25.



