DEVI CE AND METHODS FOR TREATI NG PARANASAL SI NUS

CONDI TI ONS [0001] This application clains
priority to U S. Provisional Application Serial No.
WOLR6%HHO, filed April 4, 2005, which is herpgliys2006/012484
i ncorporated by reference in its entirety. FIELD

[ 0002] The devices, systens, and nethods descri bed

here are in the field of local drug delivery to treat

paranasal si njgvgead ﬁbgﬁﬁhs |n %ﬁ??kﬁﬁ%ﬁﬂd’ t he

treatnent of paranasa annatlon and

rhi nosi nusitis i BABANAS bk FINBACKENOUNDNS

[ 0003] Rhinosinusitis is a conmon paranasal sinus

condition that is generally understood as

enconpassing sinusitis and/or rhinitis. Typically,

rhinosinusitis is characterized by such major

synpt ons such as nasal discharge nasal obstruction,
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Nbesdeestis, glad Apail B/ 2008 swhick is H&wbwﬁmr@rat&bbbt e iy its

cpu%h, and fatigue. [ 0004] The paranasal
rrirses are air-filled cavities within the faci al

skel eton. Each paranasal sinus is contiguous with a
nasal cavity and opens int@Ehe nasal cavity through
a sinus ostium The key to normal sinus function is

its nu i Li fransport s e ich iis.conpri.s
ot et A2 ol S B0 B St i e erba SO 1 Gifusild of
logdl ARESddiRay 16 freatyefnhR Einds @nakidhd, Msrerﬁg@diﬁcan@ thB &eatment of

sinus a day, and 'a ciliated, pseudostrafi
pasasiagahsiars islammetion snd Fuposiusiss isdeecdefiuses and which
noves the mucous toward the natural sinus ostia. Any
alteration in sinus ostpadrat@eyonp ciliary function,
or the quality of nucous nay disrupt the system and
lead to rhinosinusitis, [ 0005] One | nportant
fact or IP093] h&bynasiwgisnéss wngron peesdl sy eqnditjon thatds generally
mﬂ@x‘s&%&ﬁs Qﬁco}ﬂ]ﬁsﬁﬁ% 3o dnffor BRI, ai“;;&@ﬁl? Hslﬁé is
the sinus ostia often results in stagnation mucous
chercteszédonssuch Nt @ sdmptomwch ™ rpHﬂ disdhargs gesal Dmbm facial
colbslaf A DBl RS P T, S 6 AR By Smpoms

headaehe b:laﬁﬂ)am/pfe@ﬁire, Qfahtosi‘s'h&nml painldoagh, iand etichan
subsequently causes or enhances nucosal inflammation

obet r ubloothe THE prfSesif Sm2S: o o BRSE RS wlA Bagit S fketon

Bech paanimal sifi@lis boMiRashswish § hssal &pite axhd dpehfikathe hadil cavity
conbi nation of oral antibiotics, topical or ora

thiguglon §eus s Tiedegitenorpehpinegfioagion ipfs @P@ﬂcﬂmtr@fsa%ﬂ
sySHaRyES RCEABHSANG i‘ﬁﬁﬁﬁl I 68ls Al SHRRYC0ER sbrdmubtls

I's often the case with rh nosi nusitis, sinus surger
thit prefucaheagiymaguiavief niges mobe sivesrendsy, amlrageha,te(?b eequdpshatified,
da nd r
ool AR el T AR B SRR ARY i BT S eI ol e natura
sirfik Dbtize SAdyyalerdtiangh sigud dugia atehay, mhaztyrf&ndﬁam; drl the guadinoof mucous
frontal_ sinuses, o] enln .the ethnoid sinus area
m )i?ﬁ‘rl%m‘? ok el“h%“delFFFﬂ?? mﬁfﬂf" Y% 1 s under direct
vi sual i zati on. However, FESS itself creates
i nfl anmspnOnmhp&rt@afhctoe atitht patbegEheOPef rhtnovi@usitis is the
fibrosis, stenosis,. and/or . pol p05|s that frequently
Paigpet P1iRe ¥rpsestiae Ratiahoksiusiion of fiesius Pé%ﬁﬁﬁqnﬁ@s thin stdgration

of AHESRABertRorsCARPS dcBeab®in Y htﬁfo:&@@n Redibwahid thOSREst These
stenting devices to keep 'sinus 0Stia patent.
physiologic changes are thought io create a favorable environment for microbial infection.
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[0007] U.S. Patent Nos. 5,246,455 (Shikani) and
5,693,065 (Rains) describe stents for insertion into
sinus-ostia and/or sinus antrostom es or

Ww8nsshiARLI ons to inprove sinus drainage, redug&nid3foc12484
degree of adhesion formation, and prevent ostia

stenosis. Furthernore, stents such as the Parrell

Frontal Sinus T-Stent (I\/bdtronl c Xomed, Inc.,

acks . O8] .
BT bl oA R S
ﬁﬁ’tlh@r rsalhdm@hdms:eﬁitmtco(@Mp obshaci thabstir oduct s,
West bor ough, MA) are currently used after endoscopic

si nus r or th ur ver

ot ent s TRETT Yms et Pt P e AR e R Ry BR38 o
c&rﬁdlhﬁmw ofl @g&ﬂﬂfa@ tgpllbglroe i35 &d:crc])ngfmdntkegtﬁmlldlemashi@agm @r oral

these stents do not_deliver a thefrapeytica tive
stergishs SughAsPREInG PR, s When Pﬂﬁévaldﬁ%r g WL{H%} %yﬁéﬂ g Gagegith
RIS D QR0 BRE &Y iy ﬁ1 ARbl ARt hORoR REmMETE sﬁfg&fﬁierfonned today

wound héal ing process. Thus, they are typically used
isifanctiond iendasbamic simessusgesy GTRSS). oThfP geedpf F%@% t5dp é 6PBF§V3 the
i T e
opshningtibe éﬂmbldesknus ercd by gemnavieg heethnid poselts Lblyleniltﬂet S.

For. exa dable or .bi odegr adabl .
VISR EP GLonSSa B o] e g et g Mo pos-operadve
fi5rdi6li sEcbbiy, ablBRHEL smnatafeqaammbﬁtemm aéw@r@eml sinuses,

described in U S. Published Ap %g{lon No.
| reguiong ESSESEN QSRR (KT ViSE t}%osﬁar %‘*&%‘%?ﬂtﬁn& dFﬂB‘Eﬂ“%FeeP
Sﬁﬁﬁé Egglllke an hourgl ass, and capabl e of releasing

substances such as gl ucocorticosteroids,
tyrosine kinase inhibitors, and mtasis inhibitors

ar ound [y 165 atens Nogre4Gs400i (Shikaningnd 0938 a@émsmsmbe
QAR %‘%Z%%Z%;l ?ggﬁgﬁg%%flﬁﬂuﬁn%%iﬁéror $hRREtH0fs to improve
escri as preferred because it allows secretions
sitws dtainage, fedorn ﬁm éegefmiadh@ﬁel fopaation, il pewnbestigbstenogis.
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to the sinus e, the cer
Togorle 13 e SRR PR By Mefiegihrgsiets. Westhorough,
MYt Galchily GIc %H@ldenfdﬁib%?fcrsﬁiu‘s QitrpetytforiDe SaiOpurBadée However,
portion that extends into the sinus cavity to contact

thesrestentsraus nerdiddegradaile and thus requirg pGdlgy-uheropgture for removal.

PR AOhIE el RS SRR g o

stk Wty offen ahly dEhly&:teaptpk dgaibipostopresityci ibfgnmation and the normal

dabl e ric devi ha ac f .
R GG s ARk 585, oYL Ba i hcic o
coR SRt @0 whichanal il intuyid@drable bileanieers eieubmgeg tisbrate S.

The struts are confi gured to lie substantially
a%ﬁ‘ﬁﬁ to the flow of nucus along the sinus cavity
wal |'s without substantially touching the walls so

t hat Gmw ISR stehiRNBACKEe &g Rate hdah Qfdpléﬁﬁd&fif othdrs.i Bor
uncerta ow a device of this design woul d

exgonle; 7 nentdericeradailp o iedeermableol yamr, “sprcge rfiematfortmaecemen’f

iy s@&é dﬁfl{)‘/%?éd?&d' 1 S2UE e HariWRd 8 efteB8ed 0 ar Plﬂﬁi‘éhé&eApphcatlon
ion and drug release, 1t is questionabl

Nuﬁéﬂhmotlﬂ}i 16958ev iGoderich et alp Ak spaser isrtainilation ghaped bk¢ frghour-

eg ffective for
elr B aardil TGtk BT bRl SRR I MR e AR S Brosine
kifidsB ishilsitord, taid mitosis inhibifodOdrOndichvéy ceatep dsicktniess.f An hour-glass
the treatnment of rhinosinusitis, such as aqueous
sol utions, creans, or gels, Ror topical application
in the nose have al so been formul ated, but usually
never travel far enough into the nose to reach the
sinuses, are blocked fromentering the sinuses due to




sinus cavity are desirable. SUMVARY [0013a]ln one
aspect, there is provided a device for treating a

par anasal sinus condition conpri sing: a) a
wobikase9sti al member configured to reside i poyaRz006/012484
wthin a sinus ostium the ostial nmenber having a

proxi mal end and a distal end; b) a cavity nenber
configured to reside in use within a sinus cavity,

ot tBulGBabY is BBk Qs%r@ﬁrr@ﬁ paadiat Qlofvx';s%g&r@tlgﬂb st drin from the

col | apsed configuration that permts it
sifpg éF@éaneh rSd-’dﬁglq:d stlelyst thgsinys bstimn md doas gotaalérgo a structural
S ande
Ck% | g ur at geh{oa Sl?gn F%(‘?’:eﬁ%n paﬁ secil 80 §t gedccéj\l}ﬁtggfm%l} upon
dﬂimalrydn dhd musmsmaﬁmbmnmatspmf@ﬂnﬁrﬁy tlibewhih itlad natural

OSﬁeeﬁb Qefré' 5 éﬂ? ﬁgfﬁd §*{ﬂ£°ﬁe6ﬁ dogt %%tgl@vwafrﬁl%@a&eawiy into the

SRRty tol ddera@shE shud@lig Ryt he nasal portion, or any
conbi nati on thereo when the ostial nmenber is resident

wi thin sinus, ostium_ thereby to treat the
par an aig&%i KROthes HBppRtable deies for Feating simifis ip dersibed in U.S.

PUbIERIInES 2009024 30k to/Makowrlricf R & Hid ApBBRLS defABL 2

filanment
biodegradable polymeric device having a spacer for positioning within a sinus ostium, and

a body comprised of a plurality of substance-eluting struts. The struts are configured to lie
substantially parallel to the flow of mucus along the sinus cavity walls without substantially
touching the walls so that mucociliary transport is not interrupted. It is uncertain how a
device of this design would be constructed or deployed. Furthermore, given that the sinus
mucosa is a source of water needed for device degradation and drug release, it is
questionable whether this device is capable of providing a dosing regimen effective for

treating rhinosinusitis because it does not substantially contact the walls of the sinus cavity.

[0010] Other compositions for the treatment of rhinosinusitis, such as”
aqueous solutions, creams, or gels, for topical application in the nose have also been
formulated, but usually never travel far enough into the nose to reach the sinuses, are
blocked from entering the sinuses due to obstructed ostia, or have such short contact Witﬁ
the sinus mucosa that absorption of the agent is low. For similar reasons, nasally inhaled

steroid and anti-infective aerosols that have been developed o treat sinusitis are equally

ineffective,

[0011] Another method that has been described for locally treating sinusitis is
to place a biodegradable implant into the sinus. For example, the delivery of ampicillin
from arolledup 1.5emx 1.5 cm poly(lactic-co-glycolic)acid (PLGA) film to increase
residence time of the antibiotic in rabbit sinuses has been investigated for the treatment of
sinusitis (Min et al. Mucociliary Activity and Histopathology of Sinus Mucosa in
Experimental Maxillary Sinusitis: A Comparison of Systemic Administration of Antibiotic
and Antibiotic Delivery by Polylactic Acid Polymer. Laryngoscope 105:835-342 (1995)
and Min et al. Application of Polylactic Acid Polymer in the Treatment of Acute Maxillary
Sinusitis in Rabbits. Acta Otolaryngol 115:548-552 (1995)). Although clinical signs of
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having a proxi mal end and a distal end and bei ng

joined at its proximal end to the distal end of the
ostl al ?’oer to forma fringed structure wi tphu‘msndnemmm
WO ty in the cavity nenber's expanded
conflguratlon wherei n each filanent. includes one or
nore anchoring el enents for grasping the sinus cavity

wal SR BREIng tHeqil@saalquite invasive,
e ”bPnpgxgﬂ%kf?%ﬁ%%eﬁgggké%grt|on c%nprlse 2

Bin06RF Bpat hd ke dritledrthrabigh theeutatiornrell of dhyi rardllary §igPe s,

and nmet hods of this disclosure are generally -used to

treat ts.havin ¢
The- par TI0AZh) R 455 /KR pRRloBLERRLipS b Biddefathle Hiplhat nto asinus
fbﬂ’tﬁé frhl teapagt opsinattisie dparibadds atmuony gwneﬁ Ueﬁqﬁﬁbllcgaon No.

to f t I d [
AOPHORTDS, T SapUPT e Hpdant 5 Rt 8Rished folR R i hroueh
?{us 4 b at 3G he ThitbiGtbristis that fubstantiallyi prawsmts its clearance by
ergicr

Initis, rhinosinusitjs, i nusi t.
theenumﬂmfst @anslﬁgss'stegp DRgE eXRpIe,r @pianf cail formed to possess a

bSO bl b Al B bR bl%araﬁb’e%bﬁﬂh@'shﬁ:b SA

'S an roni ¢ di seases of the
rﬁtﬁ@@ihbﬁv@ﬁ@iyﬁdﬁl dricdspordted iptugthe lrsylalltt too ki it mycoagbeskiie.

iyl e el RSO B A SR

&?&F‘ ME&% q*ﬁfsqm@nﬁﬁacl@lmmmm anapenerit thae phosttally
papi Il onmas, abdonyosarconas ~squamous cel

nmaﬁmnmpﬂaEWOQﬁ@SHW#@H@H%S when they involve the -
~sinuses or nasal passage. As used herein, the teans
para Si AR b R deQftes fF locﬁlylﬁdﬁnmmtenng active agents to
|nflamﬁgi%%| F%r tg any reaction of sinus ti sueh
 tipiparRad tinedes fqrmng paranzsal SipEs PoRAItioRs, Sde SI0UH on

aBrEgre st Al ot G, S md or

rkRahinfs palhBt dfeueytid as wall sedetbydsfondiivering theddyiees to the
allergy (hypersensitivity), injury to sinus nucosa
sigugecavay aw. 4gsirabis. qunm; surgery; infection by bacteri a,
viruses, fungi, chem cals, or drugs; and benign or
nalignant t unors. S@Dﬂ@&RYThe devi ces are ‘
-formed in such a way to locally_deliver .one or nore .
acti ve [8¢j8al s Tnnng aspeet, dierris PE%(WF$§ devige fordregiing %Pﬁmasal SIS
a ssage for at |east about one week to
t?gé?ﬁ?ﬂﬁﬁga?a asal sinus condition. The descri bed
devi c e? SliEud S@hitheriver @uﬁgmﬂ, residecimuse withii & sifus ostyen, the ostial
ot her %erapeutlc inte nt. s related to the
pamemmiees bivingip aesia) e *%. eﬂgssages to restore
anat o mbf 3kavityReribe? Bonfigidled tb eide g wifhint apinus cavity, the cavity member

aforenentloned condlt £ REheGEVtea @S oush th
nebeingexpradible from & dih @m§$ﬁﬂ£§ égﬂggk%mggrggr ugh he
" S Buchldr OGNS aeatsamsmbn e utstorpadPRiEiraon st

" prevent, del ay, reduce recurrence of rhino

S|Rhﬁ§mﬁﬁ§“beﬂmmcﬁﬂw3
) optionally, a nasal porhon attached to the ostial member’ s proximal end, and

d) one or more active agents for sustamed release from the cav:ty member, the ostial

er, the nasal portion, or any combination thereof, when the osnal member is resident within

memb

the sinus ostium, thereby to treat the paranasa] sinus condmon,

- wherein the cavity member comprises a plurahty of pliable filaments, each filament

having a proximal end and a distal énd and being joined at its proximal end fo the distal end of -

" the ostial member to form a ﬁ-mged structure within the sinus cavity in the cavity member’s

expanded configuration;



[0016] The devices for treating paranasal sinus

conditions may include a cavity nenber that has a

first collapsed configuration that permts the device

to pass though a sinus ostiumand a second expanded

configuration after placenent into the sinus cavity.

As used herein, the terns "expand", "expansion", or

"expandi ng", refer to a device that undergoes. .

phy §h&ah eRK flRmsit Greudes oge of MoFRFhriRgRlFIeas ?ga’aipﬁlgé#? Stus

ex andea state, not expansion due to the absorption
o2ty WRlt BF . - - [0017] In their expanded . :

CONfvhegeif Ak ity ntmm@@emwssﬂaﬁ@%ﬂ? PB&B? PYRY RRVE*e] -
',surfaae a{e? to volune ratio that is substantially
bioeABPRRGEH FHom t hat of the devices in their collapsed

Configuration. In other variations, upon expansion,

t he [g@M| tTheiib&L syaless, aad methadstof ey disarsnte ENERINEISEY .

t he shape, of the si : i 14%: N dhe whshant similslcgndition to be
to (e PFLE bﬁ@%ﬁ%g%%gﬂgéngﬁghgﬁﬁﬁé ca?i;y. Th%hgeyi €S Josconic
B i@?pﬁﬂ?ﬁpdsﬁ@érﬁlgy pmdgmatnﬂ@pﬁnﬁ?&ﬁ éngts ! qu{?ngﬂﬂm ; P

exanple, they may he to [ OIY s ab& 1 fted to,
sinu gimgers (FE§§)y fop sigpEEH %H{aagﬁ%em‘glr‘ é%“gﬁ%%%ﬂ%é?ad abl e ,

- acfRSHIBES chft SRR AlldgD shititigriinbsinusitis, sinusit]sghatagourspiter
|

1on to a cavity menber, the devi i RGl Ude...
PSSy e rspivitor At OB D158 T DR Dol dfima,

conf.i to resk i Jehd § afid AeBoids; liryngitis luacheitis, nasal
'f%sglslﬁ %ﬁ@ﬁ%ﬁ’%g@?@%&%@ﬁ%ﬂhe di_st al e ﬁd %I t he
an@§§1h§bol?ﬁj’§i§?ﬁeopﬂmwlﬂﬂm lange pnd spall airway s 200 832 SRR ET - |
. proximal end of the aostia hﬁ@ﬁ]ﬁﬁiﬁﬁ@ﬁ&ﬁe
nmﬂ@%mm§§§@§§§W£Wﬁém§%§ﬁyg&59en' ﬁ%@?@g inc%rporated '
pai,@{,&ag '&ab&@%%béb?@an@is, idagmotesiel eawinopak,ynil BEpnigEgs: vien they
e eXpandabl'e cavity nenber,, the psti g “Eﬁﬂyﬁﬁ'
inneethe piontes onnasahpassgee S GHIRERED %@?ct Ve aggﬁ?sri s

. rel eased from the cavity SRR yaadtibmel smisitiasue, sinus ostial

, “&ﬁﬁﬁéﬁqn Ph #A6tner enbodi ment, the actiye .agent s .
fisk@] 8AEeGk forhemdsabpassage PyoxiaB &1° I OFA '“B%ﬁ‘{ S&’l%ﬁ I'n
yet a further enbodi nent, WO
2006/ 107957PCT/ US2006/ 012484 the active agent is
rel eased fromthe nasal portion and the ostia
menber. The cavity nenber, ostial nenber, and nasal
portion may contain and deliver the sane or different
active agents. : - [0019] The paranasal sinus
devices may deliver an active agent(s) over at | east
about one week, over at |east about two weeks, over
at | east about three weeks, over at |east about one

- nmonth, over at |east about two nonths, over at |east
about three nonths, over at |east about four nonths,
over at |east about five nonths, or over at | east
about six nonths or nore. Typically, the active agent
is delivered over about four weeks. [ 0020]
The devices may be fornmed fromone or nore polyneric
pliable filanments. For exanple, the filanents may be
configured to formcavity nmenbers that resenble a
fringed structure, a flexible nmesh, a whisk-1like
structure, and the |like. The cavity nenbers may be
formed to be expandable. In one variation, the cavity
nmenbers sel f-expand. |In another variation, the
devi ces expand after application of an expansive or
mechani cal force. For exanple, the devices may expand
after balloon inflation. In sone instances, the
cavity nenbers expand to substantially contact the
sinus cavity wall after depl,gynent within the sinus.
Contact with the sinus cavi# wal | may be verified by
i ncorporation of radi opaqgue markers on or within the
cavity nenbers, or visualization using endoscopy or
ot her imagi ng nodalities. [0021] In
anot her variation, the pliable filanment(s) my




[ 0024] The paranasal sinus devices and inserters for -

their deploynent nay be used in a systemfor treating

a paranasal sinus condition. In general, the system

~works by first placing the inserter having one or

nore devices in a collapsed, folded, or constcanRem@es/012484

MOPUF3Y i on within or carried on its distal end

t hrough the sinus ostiurn. Once within the sinus, the

cavity nmenber of the device transitions fromthe

first collapsed, ed. or [

lﬂ%aqn%t@’&'dﬁ@"@%?p éaﬂ%‘ﬁ?t}‘)& aq,ag 2 Egﬁecggfpl%g&gésgs%]?ﬁs aPBroy

(ﬁ%f%?s% ?1& ubPid s @hebe dab od 6.@] jtaﬂﬂ@lsm;gear, infection by
expandi ng cawty msnber t hat . con

tacts
tecfbrid, airbses) fuw; ehegricadd, of fag Wi‘%ﬂ?u%ﬁ | oon
inflation or other nechani caI types of expansi on nay

~ be usedihes olc;sx % WAk bR AR ﬂiuchh@aﬁjaﬁﬂob&ﬂylwﬂvﬁrone Of ImMOTe
t hat arL configured to self- ex and, DESCRI FJQ
aﬁﬁeﬁg&tsmmmu[s 0aty] sims@stivp,jagd/ar F pasResgR 4F GHgRSt about one

vl et e Poisnate? EuPRAlatib @R deSiriblia deél&g%@usgfufﬁ surgical,

Cross-'sectional views vari ous
nBh-k@Bic8), bhd @R&therapeutic mterventlbﬁk&tz}h}edﬁb e Mna@l sinuses and nasal
cross-sectional view of, a Jb I NUS dev;c ndmons
PhRsRgeR do Tstor angtoanisal dimction endire 0] The BogReRtiened sqnditi

: A?E@%%]ﬁpﬁlé%@g% fimay m&@%@%%%&%&@&%ﬂﬂﬁé&i&é&&e the need

a cross-sectional view of . the

firanahabakistinnasl/doypoet, delap|ocredygs TepPrEnaR K| ThingFipusits.
- sinus. [0029] FIG 4A is a cross-sectional

vi ew of Qu’gcc egzkevf fb?ﬁgﬁ:ﬂgg)r GraBl2NI Jﬁ&hs%oﬁ&h&&ﬁﬂay include a

StI‘UCtlJ[I0 I ng oano vari ation of
chvibyeitniiRRthat has 2 first {MBRGY cufiguratipn thet permits the devme to pass

cross-sectional yiew of the,paranas
cengh g o pesl 1008t ppasel o ARRR og SRt ol Bt sims
gé(ﬂygré;ﬁ Re R3H8 Pagahd s ferpansidav, oz Eeipandingi, mjexam a device
: % abl'e mesh accordi ng to another variatio
thatmndntgoen-"hyswal expansipp Fajrom eyomrssed &g e WBQ?CEW"W‘“
eztg)ggséﬁélauqu%?el ab§bfb‘ﬁﬁn‘3§¥fhﬁﬁ of FIG 5A prior to

[0017] In their expanded configuration, the devices in some variations have a
surface area to volurne ratio that is subéténﬁally unchanged from that of the devices in their
- co]lapséd configuration, In other variations, upon expansion, the cavity member also at

 least paﬁ:ially conforms to the shape of the sinus cavity and subs;anﬁally contacts the
“mucosa of the sinus cavity. The devices may be made from any biocompatible material.

For example, they may be formed from various metals and their alloys, biodegradable or
nonbiodegradable polymers, and combinations thereof,

| [0018] In addiﬁon to a cavity member, the devices may include a nasal
portion and an ostial member that is configured to reside within the sinus ostium. The
cavity member is attached to the distal end of the ostial member. The nasal portion is
attached to the proximal end of the ostial member and lies within the nasal passage. The
active égent may be incorﬁorat‘ed into all portions of the device or only included in the
expandable cavity member, the ostial member, or nasal portion. In one embodiment, the active
agent is released from the cavity member and the ostial member. In another embodiment, the

active agent is released from the cavity member and nasal portion. In yet a further embodiment,



[0033] FIGS. 6A-6F are side cross-sectional view of
various filanment anchoring nechani sns.
[0034] FIGS. 7A-7R are perspective views of various

Wz'oﬁé/lo%%ﬁber confi gurat.i ons. - [ 0035] Jhas2006/012484
8A- 8C show perspective, ostial, and end views of a -
coil-like ostial nenber. [ 0036] FIGS. 9A-9C

show perspective, ostial, and end views of a
theca‘@iﬁ/d bgdit [d ikRad fioad theadabportion and the osthDA8MberFITEScavity

I f
%P%’loqcs:gglhrgév?&g; R ;gmog?ﬂtag’acomal?lnd g?q.ld vl e\ggmg or da%fferent
- abilfk blfgsdepi ct perspective, ostial, and end views of
a star-like ostial menber. [ 0039] FIGS.

12A-12C _show spective, ostial, and end views of a
hexagonHl01gh aghﬁp%@taﬁ%hsu% Aedges may deliver ap aefwg etk ver at

13 bbaomia ekt m%? LSB&r LBOYl‘Fth)v%éké‘ | v a8 ot B8 wRbks, over at

a furled sheet-11ke ostial nenb
lanMQ]lt @e@@nﬂxmeﬂai ®adteq®putthwpem@q§§cww &f, least atjoait thregrjonths,

f i al
?%gllgﬁagt\/\%e% fof n?%st:og%r (?\?vi%%ragggcwf \1/11émths (%r ovFr at leaat about §iX
nenchs\or ewse. oTyIﬁcsalI@sﬂhe attiverpleis dedivered ofer aboa f@lrweaks. t y -
of pliable fil arrents : - [00431 FI GS 16A-16C

depi ct peg ost i Vi ews

oort ol MBABET T dhisa Rt e TR AR oy of iop bt pliable
fitari¥aen Hok kem@le, 3hd filambehds nalyite @0BAKuSed to form cavity wleBBddlhat

FIGS. 17A-17C show perspective, ostial, and end vjews

resemblg adEipge siiygivie p lewiRieeshetWhisk-lke glskeiapg the like. The
oRi§HEb4R8y be formed to be expandable. In one variation, the cavity members

self-expand. In another variation, the devices expand after application of an expansive or
mechanical force. For example, the devices may expand after balloon inflation. Tn some
instances, the cavity members expand to Asub'stanﬁaﬂy contact the sinus cavity wall after
deployment Withjn the sinus. Contact with the sinus cavity wall may be verified by
ificorporation of radiopaque markers on or within the cavity members, or visualization

using endoscopy or other imaging modalities.

[0021] In another variation, the pliable filament(s) may contain a plasticizer
or a solvent which softens the biodegradable or nonbiodegradable polymer. Balloon
inflation or other mechanical types of expansion may be used to expand variations of the
plasticized cavity member thdt are not configured to self-expand. Upon contact of the
plasticized cavity member to the mucosal ﬁssue, the plasticizer diffuses out of the cavity
member. The pfasﬁcizer diffusion hardens the cavity. member in such a way that the cavity
member substantially conforms to the shape of the sinus cavity. As an example, a filament
made from lactide/glycolide polymer may be plasticized with materials such as triethyl
~ citrate, acetone and other ketones, ethanol and 6ther alcohols, N-methyl pyrrolidone, ethyl
acetate and mixtures thereof. Upon placement of the filament into the sinus, the plasticizer,
triethyl citrate, for example, wdifﬁ.lses out of the filament polymer to result in a hardened

filament that substantially conforms to the shape of the sinus cavity.



[ 0045] FIGS. 18A-18C show perspective, ostial, and
end views of an ostial nenber made from gel foam
[ 0046] FIGS. 19A-19C show perspective, ostial, and

Qtshoul AMes,0f a cylindrical ostial nenber haVIﬂgwﬁsm) .
ol ura?.ty of |umens. [0047] FIGS. 20A-20F illustrate -+

various nasal portion configurations. [0048] FIG 21
depi cts a per spective view of an exenpl ary paranasal

si nus d T Th devices degcgl% r? ilerg % %‘eat%% e%%&uﬁﬁ Wus (f‘ondltlon

per spec |ve 48 Cr oSS Sect i'onal
- 1pay acladahn sativel ag@bse dispersdiawithig a aladagtad@bldmﬂymasr ey, in which the -

CP:%J?% !qrélﬁgr;stels g.réaélgyr nr{grglt)%z)é{)n?sn F%%E eé,sa;& & ‘%) 2 g\ﬁllnlasa Lgrﬁon, and
REILHP 8 b Mo crbhElBivel o8 Sse PRATIE PNR@hich @ﬂﬂre@@@c\dﬂﬁ&ﬁecﬁ% @nount of

par anasal sjinus device having a | ooped cavity nmenb
saldcHvarasat is gragntained in a smus tisugderiat Iqaﬁt@soufz’aéxwmf:legﬁ @bwt 14

&aggerapie&wbaftag o, BRBALBHINGES Bt bG RBLARRIMS B e,

devi ces. 2 2571s a gra oW ng
cunmul ative in vitro rel ease qf nonet asgne furoate
from vatt038s Bhe nrasashl sbivn deviersvnaydy deliearehingon Heyp using

084 PPTERETEOHLEE con, ce
afsg?tmhaﬂﬁzlrlm olunidni Fot emm?:eei ﬂ:resc:tm@uiﬁ mk;ebaaaade(ﬁjx:h that it has
VRSTS pehmaot Te Raty T ahimaie o Sortifn b SiFapey be pre-

a8f\datel@ld MEMlitadCAdc¥ e AUR Hirhrs foéﬁuni he ndafle alchemd: tefdistal portion is
par anasal sinus conditions, %? si_nus i nfl anmat i on.

mplgablefohyhatiedarysigie) n]l?g\ﬁ@glga‘fp eqongigt prg:ﬁ@@ accessing the sinus
oS@pLiguration that permits it

- [0024] The paranasal sinus devices and inserters for their deployment may be

. used in a system for treating a paranasal sinus condition. In general, the system works by
first placing the inserter having one or more devices in a collapsed, folded, or cbnstramcd
configuration within or carried on its distal end through the sinus ostium. Once within the
sinus, the cavity member of the device transitions from the first t:ollapsed,'foided, or

| constrained configuration to a sgCond' expanded configuration., For example, a sheath may
be retracted to slidably deploy a selffexpanding cavity member that contacts a substantial
portion of the sinus cavity wall. Balloon inflation or other mechanical types of expansion

may be used to expand variations of the cavity member that are not configured to seli-

expand.
DESCRIPITON OF THE DRAWINGS
[0025] FIG.lisa crossjsecﬁonal view -of a maxillary and frontal sinus.
[0b26] FIGS. 2A-2M are transverée crosé—sectionai views of various pliable
filaments. |

[0027] FIG. 3A is a cross-sectional view of a maxillary sinus device having a

fringed structure according to one variation of the invention.



to be inserted through a sinus ostiumor surgically

created fenestration, and a second expanded

configuration upon placenment into the sinus cavity.

W 28ekiigronari ati on, once expanded, the struct wEGHooso12484

the cavity nmenber generally has a surface area to

volunme ratio that is not substantially different from

the surface area to volune ratio of the cavity menber
inits motzz]ap}aed 3Bdn c@s-Rictiom] vitii of tBYardRsdl IRAs 8 ofFIG

gecause he .si nus nucosa is a source of water needed
JPapeillap ¥a%e of the active agent fromthe

par anasal sinus device. Thus, if the surface area of

a devi qeom] ai erbk}g i$ @Ero8O&cAGHal PBWIITR RInASinIYGRSR Hading a
decreased, ., inrelation to its vol une,

frijieg gPﬁPFBﬁ“PﬁHHg5U%§gﬁheﬁﬁﬁa%§E¢®Fﬂﬁﬁ9mbf the active

agent should al so be decreased. Furthernore, once

expandqge3i] herrcaxB iya %@&Eudﬁvweﬁ%@ﬂ%%%%}ﬁ bidld devi :

cont act tng sinus cavity wal [ 0054] lh evice of FIG
4 sl opfal fifusn general |y functlons to position and/or

anchor the device at the sinus ostium preventing

| ater aJO@ﬁ‘]' WGogﬁxtlth@SIHé qg‘?v%fglg &us%gicg cﬁﬂh

the m ddl e nmeatus, and formati t1 ssue adhesio
exphdaglenesh apeontiog t0 m@edmmuounéthepmmnml end of t he

cavity nenber typically functions to maintain patency

of the [g4PYS FAGL4BIM 5 HAVEYET L .

bel ow, eacx conponen%lof ﬁgfgé§aéﬂ&£PSﬁﬁ§§%&§g??g%gApnm?
tOﬁQM%ﬁwons dependi ng on.- factors such as the

particul ar structure of the cavity nenber, osti al

menber, [ r, Lhe ¢o

capabl éﬁ(%?] f@%s@% EF g_gensggetncq%s\gggého%?l Vi of QAR g,gaggffts
andlwripgedecharighn, the terns paranasal si nus" and

"si nus" are used interchangeably, and refer to aI

si nuse frontal., ethnoi

sphenoi s,li?lrl(l}ﬁésl;?gsl %%Wegﬁpﬁﬁ% VeVRTRSF VapaTLay ’6‘8 53
mnﬁguwnmmylty through a sinus ostiumAs shown in FIG

1, the naxillary sinus 10 opens into nasal cavity 12

at nmaxi um 14 nd the frontal S .. ..

T ooxdos8 VERISUA 88 5ho Y pegisedye. prisha g Hgys 3684 paiike
ostl:8 mefsbetised herein, the terns "treat", "treating", or

"treatnment" refer to the resolution, reduction, or

Gl O R K A

likeofRl alRasal. sinus condition, or provision of a
beneficial substance, to a paranasal sinus. For

exanpl e C subst ance may be used to

pr ogt @Ua efflg{’e ﬁ r]t()?l Dewinspegtiygostial, and end views of a mesh-
liké 8RB6hMBse expanded, the cavity menber nmay be

configured to conformat |east partly to the shape of

the sinus cavity and substantially contact the sinus

cavi t yl00@8l FIEp. 1540d Copichparspestys, agtial, and endvigwanfa star-like
ostlalBicRBECcent age of surface area of the cavity nmenber

generally required to contact a sinus cavity wall

(sinus nucosa) that provides the appropriate rel ease
" ki net i [883% o rFItRe 136t 12 Gshoyy @mspectine o oantd ead vievastofent
for at |east one week, for at
}mﬁ%¥ﬂﬁ%h E&Saﬁtﬁﬂ&?%; at | east three weeks, or for at
| east four weeks or nore. Accordingly, dependlng on
t he ariBed d?IG§ui3fa-déCa’leElatpﬁe@dmfef oatial; and et views of a furled
ontact” may refer to contact of about
Shei%g}‘g’sotsagtﬁ% o 00% about 20%to about 100% about 30%
to about 100% about 40%to about 100% . about 50%to
about 100% about 60%to abqut 100% about 70%to
about 100% about 80%to abdut 100% or about 90%to
about- 100% of the surface area of the device to the
sinus cavity wall Inportantly, the pressure of the
cavity nmenber on the sinus nucosa is sufficient for



[0059] In sone variations the pliable filaments may
be configured to include one or nore anchoring
elenments to help a the filanents to the sinus nmucosa
WO 2001ef%d se enhance contact of the filament @dﬁ@ﬁ@mmm
si nus nucosa. For exanple, as shown in FIGS. 6A-6
the anchoring el enent may be one or nore hooks (6A0
spi kes (6B), opposed spikes (6C), arrows (6D), ridges
(6E), [ F el
iy a1 S0OBT FAPRLHPEE4G 6 Rpearfe o B8 ol VAL buler
ogighinemberul ar, and the |ike. [ 0060] Cavity
menber. The cavity menbers are generally

bi odegr, | 58U

nonbi odgg%gd ﬁ}g fsﬁdtg |ona]rx[qypse gt\}\ﬁé?@g%?%rg%&éﬁews of an ostial
mbinbelefgmadiaipdre a pruraln bt plitdly Sdabite, t he cavity nenbers

may be attached to a conponent for exanple a wre

or sut e n1the C VI o e T

out "t ntbiEn des PTG oGRfdR BN S skt MEER @b an ot
meMBET TR frdrd a pRIFEILE of f:hefbteajﬂfti)h&lke iongtgp-like ﬁlaments.

[0061] In one variation, the pliable filanments are

Fra A6 oGS it GHRaT bk Oufh oo L5 bln osiel

mbmBElde g dedhsnddxbindable pilatedbiit. f i | ament's or prongs
22 (expanded conflguratlon) Pl i abl e fllanents 22 are

secured t 0X ends 24 to a tu r. 0s
rerber 198451 a8 B Sye e h PRy v G 257 FRCVIEGR A kostial
mBBEL h¥eYroph piSoadd. in FIG 3B, pliable filaments 22

radi ally expand, unfurl; or otherwi se are adapted to

undergo a change i n conflguratlon after insertion
nto a 094ls FIoS Wnio@Raaprypotyn st heow] Higes of »

3{1‘:1%&'153)(0:\!@&'1 lne%%eﬁ[hqlﬂgoa Helalidet ngherdCt 1 Ve agent into

e sinus 21. The I éngth of the pliable filanents 22
is usual ly between about 1 cm and about 6 cm nore
usual | JOHE wddhS a0 kugirate vatisys pass! parfionerpfigyragions.
usual l'y still betmeen about 3 cmand 6 cm In )
addi ti c[@048§|’5t1:‘1@| 2 NRIpR&S %@sﬂe@h@ AGL AT &t exlchPlatl PiGnasal sinus
ostium25 o maintain ostium patency so that dralnage
defvicom t he sinus 21 to the nasal cavity is
uni nterrupted. Nasal portion 28 may al so be provided
on the rpgfaxi
oxt enad MY TS MR EIC 88y (5 Wy, D0 BosPRChOMM, & cnd views
of] aaiaeanaw zlatm davicethaving areavil I@embi?rbtnﬁu a@%l pwtieméorngd doml multiple
1oB 31 1ar}glostla openi ng, further reducing the
8@% pg ﬁ%% 8t occl usi on and adhesion formation in
t he m ddl e neat us. : [0062] In another
vari at ijes50] s FOGB. 13rh-E3 @EnomlébramdtivbBﬁidpbﬁoadedieeﬁonal and end views
i lanments, 32 . are,confi qur e
R L e L T S S
and 3B, pliable filanents 32 are secured to ostia
menber [GFH1it FIGEI 24 Ap24iK stoal cxemgharBding arichso noes for the paranasal
.dep|] oyed, substantially contact the sinus cavity wall
simg deitel i ver drug into frontal sinus 31. The length
of pliable filanents 32 are usually between about 1
cm and [@dEeyt FIG.CIH is apghphiRhewing dainhptibeiwerenraidaetibf Bometasone
cm and about 5 cm  However, becagae of. the | nger
EERgR KaRO U PEIPERLSTAREAVICES NG § SV 13y HEe@PERt-al si nus
ostium 33 than to the maxillary ostium and because
the frontal sinus device 30 is subject to
gravitational pull, as well as enconpasses a | onger
narrower cavity prone to stenosis, adhesions and
scarring, the tubular ostial nenber 36 is generally
formed to be longer in a frontal sinus device.
However, the length of ostiaP nenber 36 may be
shortened if the fringed structure 30 (or other
cavity menber) is configured to anchor the device
within the sinus cavity, or if the risk of such



[0067] FIGS. 7J-70 show yet further cavity nenber

design variations. In FIG 7J, cavity nenber 112 is

formed froma plurality of corrugated ribbon-Iike
whb@BBEfLs; In FIG 7K, cavity nenber 116 is frm®8oosn012484
froma plurality of filanments configured |ike springs

118. The cavity menber may al so be nade from one or

nore filanments 122 conprising gelfoam FIGS. 7M 70

al so include featur %ET"‘AJL%?’?S PESEﬁﬁ)ﬁbﬁ\?VGr si bl e

depl oynent of one or nore anents I n an open or

tensed configuration using ridges (for exanple 134,

136) orf0PPH f Thepreanasal sinds dqyirss Phisrinvrption ws take vatious forms.

f I

| nser ?f%%&@%‘%ﬁe% e@ttgﬁfc]}%]% a%&%ﬂ‘ky Iﬁ%‘mgér @ggétﬁllrﬁﬂnber and a nasal
pm@ms,laad |dakyvemhctw&gngb forthedtg@tindro oﬁparmasaﬂsm echdititine, e. g sinus

T W T 8 TNEHET R

totRthefted 2o 4 éiﬁusct@muﬁ @r surBichilyrreatM foedt@ibi, ¥nd'E FRBAI

128 consj sting of two opposed | oops 129 is simlarly

- exraedsdicenlisopidae R RiRssmednindle dnisepyiaY i ndhy verétionmnce
ApaIca U GlrbifroOff dhd ) B aa%enm ALY

: ea cavity nmenp s 131 0 fr léﬁlb e deggrl béjtrjfal&ﬁwgéb?vvégﬁe Tatio
thed lsnombstsntmﬂmdﬁﬂf@antb‘gom ﬂne smrﬂemetamarto aﬁlmnedgesofMawny

m%%ﬁer'tliﬂgotg ; ({e ?olnt(f)i H 1{1'I :"gl%lg ms é\nrﬂaﬁ eg’g&)sg Iﬂhe sinus mucosa is

a sdutges v%ei‘ maﬁdﬁbﬁiﬂl& d:lﬁﬁél cEihe Mth&lalgmt\ﬂohhthﬁ pﬁﬂaﬂasal sinus device,

iz 35% o %?%ﬁg%@%f%%&g&@ fﬁéca\” e H%rsafwg FepRg;is decreased,

e.8einatREbh Rt odide, IdMBoluRbLHEE QﬁBs@c[heﬁ‘f absbOPtiSd) df Bhe active agent
r|d es and those of the opposing Interiof ridges as

shoul Werhealveresed rEHHbamoE7 Ohee expensisd ibreervity mpmbeppay also
suB@Giaf P%\B@tﬁ@ﬁh@ Bﬁus%agﬁ*l{@h di rection) while
mai ntafning constant the position of the external

si nus cavi tyaggr ent slit tube. The result is a
spl ayed0ei4d aesn godipe sensialivdipetivhs tl pasitionland/dr amghor the

de[fvg%%g?l@%ﬁm F E@&eﬁﬂdﬁtﬁt\/ | \éét{()\ﬁ %Jlé ITJé]gle turb];nate o%flusmn of

thé middlampaws ahd fyrnediof bf macﬁleélems \Aﬁme:ntleasnembrasebhatedmt the

prfiL P S G s AR DRy PRSI Fisin ReGpcal hegfovs

ostiae tdviever, ApfiethtAdescrited b@%@nﬁé&,co&%@nefnlt bfthe dewsbeiy have
may be pleated as shown in FIGS and 7Q In FI

vazplls actions <depeuding an faglosmivush aste prricular $tmmrw thagAvity
éfﬁl%?% b f
kB b GO P 88 R oPhE b AN polflc of relcasing
an@&*&‘i’ﬂt%genﬁanber 146 to be configured as a pleated fan.
[0069] The cavity nenbers of the invention may be
adapt eg%dsgl Sgs R EXRAOH. 6 egn%;lsyaﬁmhﬁlaﬁm& mﬁﬁﬁﬁg&m@ﬁ&d
shape ymsr or | t are constraine
in@h‘»éaxgerahﬂy; amd remr & allmises ee.f the maxilthry] Ehtey,ethnhoid, tahé

sofn0B1 Shish G Fbbstte Nestbin e Shaksnkit fupoeh SNiS ostiun
Aﬁh@ﬁﬁm BIG. 1Fthe exsallgel einud T&Qpeﬁﬁ}htcbﬁasgmw €2l afdiaxillary sinus
a car or wr

a_bal | oon ar- pul |
ostifp 4470 ThoHEl SRSy GIoPBH MR 6 Vi SOl By gt 18. As
us@qmrélﬁ ahé {é@m@f=tr@ae’p @fﬂéa{n‘ﬁ%” fo@ F‘ﬁ@atﬁ%ntt’ ReRb e ﬂgaJmtﬁﬁ%e&ctm
e devi ce, ¥ l'eCting or deformng the cavity
or n@ﬁwn@lf @rpgram@ Smmﬁsmmpn ST ligeymeniems, pravenidan aficomplietions
v, t s
attfé%\ﬁ cré)?a?rs n%cgﬁrg%?é%qlggi %g @gfghon 0? G beﬂe\f%% st%gn%agée Ba
made from | ess pliable filaments that are eqw pped
with one or nore joints or hinges and which expand by
novenent of the pliable fildffents at the joints or -
hi nges. The joint or hinge may be an area of greater
flexibility along the filanment due to use of a
pol yner in that area having a | ower duroneter,



[0074] The ostial nenber may be of various designs.

In sonme variations, the ostial nenber is fornmed form

a one or nore pliable filaments. For exanple, in FIG _

"?é\ 0088840l menber 148 is formed from a singl edilisahls®izass
Fanent 150 configured as an expandabl e coil ed

filament or wire which nay be varied in its pitch,

nunber and density of coils, coil Ilnear and

* _non-l.i hear or at er.ned chit e her e
e B8 e RSB TEnET i FRbi Baf Bl bl eener

héoA8 opasistduened within an ostium and FIG 8C shows an
end vi ew osti-al menber 148 Lunmen 151 all ows fl ow of-

nmucus f he sin i al nber 14
et edbbssTh Ot RpaR ot b nah R GRtgdin bt at
lea& peiligus t}l%ysh&ﬁb&)i&hdf ENEs daﬁtderﬁ suB@antially %ht@d’t feaEss tcblﬁty wall,
00|I di aneter will, |ncr§€se or decre . ?noth
¥ apybgiepianly cgntagh dwn megnithapergeniege gt %.Pfueﬁ;? e cavity member

| géﬂe{aﬂg?&fuﬁe&- Bfeonydit £ BniBYvRE whi }?éﬂuﬁrmﬁdols@r‘lﬁﬁtpﬁ)vﬁd@‘fﬁ@ g

are attached to form tubul ar osti al
appBopriaf @eaﬁaﬁl@i@@f@ thervstiveagentsrthrioaghal a presinent 11351261 for

el Bords RL e QAL Y50 A9l G wck B SR YBAR L U B¥forar

e 0S |aI unen om; of
Ieasu cuts vadks @fmdéke Astatimghadépeyding on Weulnthuhhel surfaenseaadeeded

ot Pu R AT EE b 4 sooisctel ooualtTRle 4hgh fUdne, abou

2@)6 3 At Tonod, rﬁﬂbuﬂ Z‘ib%:io%out]l@e%l 5&1@ 40%!16 alxﬁﬁtl O(b% eabout 50% to
filaments 160 are formnmed

abgug woﬁfasabﬁuﬂ@rﬁs‘i@ abggt 10A%: a‘itﬂé‘? ?r@"{"’éo ﬁ‘BF&YEéOQ% %‘31069\?(}“/? Eﬂﬁbout
q% yg iﬂgq‘b?] 99‘%\% E¥odt Q00 AR (e tARS AL, FBRS@HSee to the sinus cavity

other variations, the ostial nenber is
whlbr hmrtﬁnt@nm ﬂra$smemf tlshnawity ke the siahs mBegsa is sufficient for

o BB st L% B AR e I oM el QAR A B

significnadariade@r Skerogs ks mubesked t oget her) 166
configured as a reversibly conpressible and/or

bendabl S |nd| ted arrq in_Fl, 9B . e
accor dll@ﬁ K Lls rgl,n @?F "\PNiwe PPt ’Q@e@éﬁﬁnﬁ%em > and
“@ed a3 ¥R ieichdpdadil ki fefe t(S hijusibSisfdewd @ricbald ﬁéraxﬁﬁ‘al sinus

shows an end view of OSII menper 164. Lune

copflitighs Frmthsrmete. At essd g, t?rwe theTRRAVTIE FPPYYF. T SSt0a
coB@érEtraﬁbl{‘Sf 4V6 Eéénf 1 hak@®Pen 108d1yaeli0BERES 2 ﬁﬂ& dradal PRSage that

~_a plurality of shaped apertures 172 cut out or
is ppproprizde wusafely eathipermael ghescondigiveri al 174, creating
a non-woven nesh Although the apertures are shown as

hexago 583 n C%g%cleﬁn&ntb STlgtﬂga? L3b At Baficed %Eécﬁﬂ@d here may be
- other apertu used. For exanpl e,
coaﬁ gured) neesvarikzv ofawyastse For ¢>amgleeﬁley mémeefsrmadcftcmg onfsor more

tial
e e e st rRUR ek 3o PR Mg oyt st
no&ftuﬁﬂ%ﬂ s&uctﬁ&llﬁmﬂ: n@fy ddits f@tﬁmdgfmnah EQWOH'BEBBShIta)Sﬁrhﬁg\matenaL
out. throu une S t hr.ou a tures
tfﬁﬂre%%mgw peet V?ﬂ?%gffmgﬁ%?sé take gpricly %Eémﬁgfﬁ QPR FHgp as
th&@dsahﬁﬁbrﬁ Estfif, BBAcH SrRure® 'ﬁﬂfe@ SRl %ﬁikeem%ﬁ% &;bdh@y are flexible

bendabl e, and t'he .|ike. Referrlng to

~ engugh tmui)st%m:alm guitack @ portiea of p By pavieallafiek éewr@nit &whibit
N O L LBl L e i

cot@idipn. 1“81&, ﬁhmﬂnﬂs &dyetiel afwinfftaem a@emgemmﬂwsaﬁdr}mm ) Ivrmety of cross-
SInu caV|t he na SSa be
sedjsp bt asdeaed e RO ' REERET Fivestel SR ol Yoy
deblé?ﬁleﬂiS F ol Bxdodyffe, a3 SKowOIndUGHSIA-DNE tekivan®t 8y shaped to e dircular
[0076] In another variation, the
'oﬁlalneMmr]64|sfonmdﬁnmnaplwahtyof
sheets or strip-like filanments 166 configured as a
star or asterisk-like structure. Spaces 168 between
each strip allow nucus to fl ow past the ostial nenber




The opening may be eccentrically |ocated, or forned

to be in the center of the nasal portion. In FIG

20D, opening 212 is in the center of nasal plate 210.

- W bkf792P13, nasal plate 214 has a pluralitYe@huszoo6/012484
openi ngs 216 that al | ow dr ai nage of nucus from'the

sinus into the nasal passage. [0081] In

ot her variations, the nasal portion is configured

e e L

' Wefdgd:ca(rm?l),t Iﬁn@é’d)(%f)nmbglar e, p&aﬂ@icgraﬂnklglieé%ﬁ,eﬂmﬁlhg @

N

sedtidh Uit RLiréd ﬂ@%)lih@le&ﬂﬁhérﬁé Ray hieo bmsceﬁiim@ho ﬁmnntvo(rese&ucmres
arrows_and insertion view)

S“‘ﬁh@@lofdéo’@ﬂ??s@ Presmegh. o e ke Bipe ﬁ%‘?%ﬁt? By y B ccnbhed nto
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froma singl e pliable filanment 224
formemdfais gmm@tsamﬂambinkalumm i ks andrsheqtymay alap Bichwe non-woven
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iR e FSE R R P Bk ARk sl ekl ipampeh les
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nasal pwsh] O d6ae maﬁmn:wpuabletmammgs ehay bk ecifiguesd to include

on Lo 4G Rl PV PR RIS e iR o O
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osfi al and nasal portions. For exa 1
strabtovn Asshpwein PIG. 3ofle i ceass-wepion wé fringed sryriiTe P Fl’é’ udés'a plrality
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gD AT o T PO SO 6 80 e illy expond,
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[0090] The penicillins that may be suitable for use
with the descri bed net hods and devi ces i nclude, but

aré not Iinited_toz andinopi!lin, andinopil!in

Wb ¥&sidresAamoxi cil lin, atnpicillin, apalcillimcrws2o06/012484
aspndcillin, azidocillin, azlocillin, bacanpicillin,
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and conbi nati ons thereof. [ 0093] Typically,
if inclusion of an anti-inflammtory agent is
desired, a steroidal anti-inflamatory agent, e.g., a




WD 2006/ 107957PCT1US2006/ 012484 busul phan,

carboplatin, cisplatin, carnustine, cchloranbucil

cyt arabi ne, dacarbazi ne, etoposide, flucarbazine,
woubRHiAS? |, genctitabine, hydroxyurea, ifosphanieteses124s4

i rinotecan, |onustine, nelphalan, nercaptopurine,
nethotrexate, t hi oguani ne, thiotepa, tonudex,

topotecan, treosul fan, vinblastine, vincristine,

m toazi @b@ﬂe Tmﬁtp}r@mbgp mY w@r@ﬁaﬁm@%g@&t Qf bib variation,
t axol clitax t axot er'e, anal ogs/ congeners,
tme:avmmmé@r s smﬁigumdrqs @um@k% pliablg fdamdit AA{FIGAZA). Single
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ol gt 72 e eV o) PTG 195 G AR e shape of e
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but are not linted to, acetylcysteine, dornase a

signyolgualaniaties) macemar Fidseplaimey t@b@ﬁﬂ%gseaz@da@em%or not the
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L o R Ay AR e

Smeiteolyen ewvity mefmhmV $ irey e made @pmtaﬁlméwph@lﬁ filaindntfoonfigured
S ede tous hyper osnol ar agent may
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but are not limted to, furosem de, sodiumchloride
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cdn@lRR8 o NEb ¥kl melibed and brANH poftich @Y efeSdetiayi ROyt B urther
active agent) of the device. The anpunt of active

vagigaer. ap shawnain HIGy g 4he xraedsd ravibhmemberdnay beferneddroma
et 5 nasal

p@%ﬁd&%ﬁ%ﬁage|ng g%%gtn@%&%ﬁgga“&ﬁgé%gr?ty ongéQ%?%%HOO

bedwreqpttbmfilanisuts may &l laried dermndisg onitlicl pagsubr Hesitgd cawity member
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e devi ce nm orneq to Iver er a 0]
m*é&ahﬂthq mafhp ﬁ%veﬁ gV ety &ﬁF egle Bfitigen pg moaeﬁﬁlﬂmem may
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bout tg to about ig, fromabout 10 jig t
nmu of i?lsmpntg mao'ralqwh@mﬁaw@@l ta fbripae deyiees sith amf) n}lm@er@rf arced
te into the sinus. In another ,

mVéﬂEg?%gﬁsn%ﬂ&Q%eV|ce may be forned to deliver per
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r 0.
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1N SO i nst ante
fofraednfBom @ pluralith el mpsﬂ@rsdbmdm;edtsonm remﬂ;t81g’cfrorﬁ sirttmg a gifigle

drugs may be used in the nethods and devices
descri bed here. For exanple, nonetasone furoate
nonohydr ate may be used. 14 [ 0099] The active
agent may be incorporated and rel eased fromthe
cavity menber” ostial nenber, and/or the nasa
portion. In another variation, the active agent may



about 20% at |east about 30% at |east about 40% at

| east about 50% at |east about 60% at |east about

70% at |east about 80% at |east about 90% at | east
vAbeisk1 0% or at | east about 100% by wei ght afcrit3@oec012484 -
devi ce or conponent that it makes (e.g., sSinus cavity
menber, ostial nenber, or nasal portion).

[0102] Suitabl e biodegradabl e and bi oconpati bl e
- nmeiaym%ﬁn%n{ HuchiRe Th FTERH e ERRyRARARAFH is Tttt from a plurality of -
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steprdire é’@rmn@dl()ﬁ(cpaﬁgqrgtbgs a Iaopgﬂdys(;rgﬁymo T H < T1gthe cavzty member

| t|de a.

PG LSRR SR B0 LaEHE 136 Do
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copol yners; a poly(glycolide) /poly(ethylene glycol)
st Eﬁ?ynﬁrs, a poly(lactide-co-glycolide)

/ pol y(et hyl ene glycol) copolyners; a poly(lactic

ac: dz I/ [pomls]( euGg) 'ETHH? gh?t@?ét)f?]mwﬂkﬁfy}iﬁﬁnb@ design variations. In

0 glycoli¢ acid po et hy yCco . X
F@b iﬁ? gem erd&?yi foxioed %0% Riutegwgqgffelaw edgibbgy-like fillaments.
In/Iﬁ@il yket }t#r%ﬁlbgf Ymg)forﬁiéﬂ(ﬂmfoﬁlral@y of filaments conﬁ ured like
poly capr ol act one) y(caprol act one) /pol y(ethyl ene
spginge bl 8, B@p‘@ﬂ?}f’r@ﬁ@ba rp@[ gl%q)lpq hadssTen pne gr more filaments 122
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depbiyyr(entcf drdesr mrccﬁkarrmhmcm arnepe;n o tqmeé@/mﬁgma’abxeum@ ridges (for

e)%%{pi}(e]}ti Wr‘?g%'hel @?F]gl )an Iggpz? g%g FY?H%%PUP{,’%{ (ﬂbeoa%agfﬂg}l%ﬁg br other
Stﬂllcﬁlﬁi&;' at 83d idseRRNYAE! NOERE. oM, a@aﬁmﬂeﬂbé}d@b lcBnsisting of a single

uret.hane; a poly(an1no amd&1 et herester; q
ru%g tsa.psertgd B0 the e aad sgaisk egmus Wa (arrows) through a lumen

byéﬁa&éﬁg ggi@é 61?@%%&9&1 yh@@@ﬁm@@m&mﬁmw 2 cavity
ymer thereo Blodegradab e shape
mereharr 28 pomsyaME of teeppoasd Iobessi@ 9desirvaledy disertesd Tohyse ridges 130

bR B g 17 e SPRETRYs oy WL IERTRT L caviy

maﬁbd:rdﬁe @£ the type descnbefl @1 Rjve AsFIME 8 1shﬁdichﬁﬂ€d byathe addition of ridges

Ly, tid I lide): a .. .. .
”%31 ¢ Risricagt S Glade 5 B9 dpditior! e ubur mersber
ngmbescmcpiodﬁmn@ aabotii@elyivathacing peRnill &kl The

aC| ) wll be referred to as PLG PLO p o%gners

dea}ceha?@ﬂtﬂ@re@bgr@m Hke Blemprerds ar_ead@ﬂoa@# trqpes thegredeformation
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coneinltrlcpmhlyihmlﬁi at 1nd¢palnﬂ¢11tlyghllt¢1badq (tmgvagbe;hn ppgxmiai dlrectlon)

cti.de. and | de.mon IS
Wi DGRt P Cr Bl Tl e bt e
- rediEB a khlay«td gefokped bpdnaittael of Clisehildlen’ Thlagiets elolng d)e sinus
pplygfactide), or poly(glycolide) is not a carboxylic
cayity #allf or exanpl e, an ester, then the resul'tant '
polymer is referred to herein as bl ocked or capped.
The uniphgrgketh Pk e the a0V RESBEYI32hHrRAed B d\@lrality of
_carboxylic group. |n one variation, |inear
filprgents &%ﬂr YPYREGE B deesh anq penfigundas adwinel-iypqetnestures fThg cavity
eﬁﬁ’ée)fé"ﬁﬁ al@@ﬁe Rfembg ﬁ‘ama%?fﬂ\f@ lnon-vhdVeRld Sheet-Rld AlteBRS For example,

ecul ar weli g

th@fmﬁm@iwaﬂ@@/nlm %ﬂ@m@f IGd) '&Prmzds?QmI}a Hi@. TRsthd shest 140
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ha%% e'?.ts 1 ? g tha? %ﬁko%\ftz‘la %E\Flé%g é&\aﬁﬁg% 8{' Breg %n‘%le?nied t8e. In
time. In other i nst ances, IOM/nDIecuIar wei ght
pol ymers may be used when resorption tinme and not
material strength is inportant. The | actide portion
of the polyner -has an asymeldri ¢ carbon. Racenic DL-,
L-, and D-polynmers are commercially available to
include in the devices of this invention. The
L- pol ymers are nore crystalline and resorb sl ower




[0108] In another variation, natural polynmers may be
used. Representative natural polyners that may be
included in the devices include, but are not linmted
w@00pfPbei Nns, such as zein, nodified zein, cagaius2006/012484
chi'tin, gelatin, gluten, serumal bumn, or coll agen,

and pol ysaccharides, such as cellul ose, dextrarts,

and pol yhyal uronic acid. Hydrogel or sol-gel m xtures

GG ﬁﬂs@ld% be configared
R TOESBEE ALl T b kg o et

apleste¢ &3 may be made froma nmetal. Exanpl es of
suitable nmetals include, but are not limted to,
cobal t 0 6 BF & iVefRontha) BY Afred tARIFoxpand,
titani Jrr?éygarﬁhg%‘%w gﬁt‘gsy B infYeBonth @ | 0ys, ﬁtg P
e.gi ifidedy-are madn flmnaal shayespemnory pobmisic natflthﬁﬁgﬁft m@@ﬁed by a sheath

Pljeoai%év% i TR POS P it PBw B R R e oty Thoy may
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bricants, othe
expapded Pyl thg@daaﬁ?%ﬂ OB et b o i RGP o PR of the
dé?/ﬁcet ﬁkqquﬁé’ bGARatidiUT Q¥AARk Forct RELPhloRiIMN £ ehd bfARRMECe, or by

formed to contain a plasticizer Qr solvent
d@mﬁmm detemangdhe prvityyhenghen glong dregHys vallh yHOW%‘@fad’cl éddmon to
et h I, r 1 £
o RS0 LS ORISR pucticl cpusionc
cdvitp degitacahide fom kenplisbiteljnaeats et gokywippedofith ¢re or more joints

ordtesh L B g R e e BROIIE Sy kRGP brainges.
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plemeridahat gren heving a {oveer diAmees{RSEPSIAg ét%&ﬁ %ﬁeoﬁlﬁ%m or by’
f%n%tﬂlg ot Pa&&cef cafuls Gt infdS GAMY bifthe ﬁmeﬁlpmttna afost ent
etter riction fit of the caV|ty menber

agai nst - the sinus cavity wall,  is _provided WP

2006/ 190H1 paheusGOBETIPARke includéd in any pariigy of the device, e.g.,

E dwHeR 8ilhen @i Sused, th
OFHADRINS L AR SRR I Bt o
activh agee neg - amn:@fattdw thafilampgnivesteg dispers igfglyed within a
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) pharnaceutlcall acceptabl% sal ts;
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pcﬁﬁ{Q@ Soho¥dify +e1ﬁf&| OF RIS THeGRsAS o At Y& WMl by the cavity
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meinbertTody, beaadailsml byve.ay fincpsARing [of BesERESIng dhe nymbsi of drug -containing
eriva :

ﬁl%geptsl 1}(\) Jtsh\é ) @z&‘ﬁ@m egéﬂlg Ple«%légié@gﬁﬁ%g/hg r%fg!)%ﬁtrog d%ug contained

witkinlow beseal ot fd)mquts; plybmﬁt:m;ng tbepliablegdlementpsich that ’Ehey can be

B e RSSO B co. o

e)&ﬁl ea liagR|fadhdhts AR m%[lhde pesibichainedfradtive l@ef or markings that a
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phmyla@evan Eﬁ%‘%‘ilaﬁu&f twaflws PIERE engiprios 10 BEFTHOR °56§?ﬁem53ﬂi°n
it t‘EQ §irnﬁ§ Qhééﬁlfagx';: a\%ﬂt&i @ RefBeAGEET REABE & tROINEERIE lines

matri X, e to provide sustained rel ease
inaf sridiler lamions. éngme inptpngegdempy Spfesitalla viarivde filaments having

lide pol | f
et T B dun AT AR 1% TS Tost Tikely

achi eved by erosion of the bi odegradabl e pol yner
matri x and/or by diffusion of the active agent into

the nucous | ayer of the sinus. Factors that my

i nfl uence the rel ease kinetit& include such

characteristics as the size of the active agent

particles, the solubility of the active agent, the
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[0125] In addition to treating any one of the

af orenenti oned paranasal sinus conditions, the

devi ces descri bed herein may be placed during, or as

v :diisagt to, a surgical, non-surgical, or @difis2006/012484
therapeutic intervention of the sinuses or nasa
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maki ng and using the above-described devices. It is
understood that these exanples in no way serve to

limt the scope of this invention, but rather are

w6 e@enéesy for illustrative purposes. PCT/US2006/012484
[0133] Furthernore, the follow ng exanples will

enpl oy, unless otherw se indicated, conventional

t echni ques of pharmaceutical- for mul at | on, medi ci nal
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[0137] First nometasone furoate (0.5 gm, triethyl

citrate (0.2 gm) and the

pol y(DL-1actide-co-glycolide) (9.3 gm were dissol ved

wé 280A¥sacetate (40 gm. A thin filmwas casicriussesnizass
the resulting solution. The cast filmwas dried in a
vacuum oven for 48- 96 hours to renove residual
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simlar to those described in Exanples 1 and 2. Table
thengsgl R§FaEF-st s t hese formul ation compositions having
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compact bundle of aligned parallel spokes, then deployed or unfurled so as to encircle the

insertion point (see arrows and insertion view). Similarly, in FIG. 20C, nasalulﬁorﬁon
226 is formed from a plurality of strip-like filaments 228. In FIG. 20B, nasal portion 222 is
formed from a single pliable filament 224 configured as a spiral/helical structure. Another
eﬁce'mplary nasal portion is depicted in FIG, 20F, which comprises a compressible woven or

nonwoven fold of sheeted material in the form of a wing-shaped tube, intended to
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- adjustably conform to and support the middle meatus space and turbinate anatomy directly

outside of an ostium.

[0082] The nasal portion may be formed to be rigid, flexible, or seif-
expanding, and may also be formed to be coated with drug, coated with microencapsulated
drug, or made as a polymer matrix with dispersed or dissolved drug within the polymer
matrix. The diug included with the nasal portion may be the same or different from that
delivered by the cavity member. The nasal portion may be made from a biodegradable or

nonbiodegradable polymer, a metal, or combinations thereof.

[0083] The shape of the nasal portion may also vary depending on such
factors as the sinus of deployment and whether additional sinuses, ¢.g., the ethmoid sinus,
are to be treated. For example, in an individual needing treatment for both maxillary and
ethmoid sinus inflammation, a maxillary paranasal sinus device having a nasal portion

shaped to contact a portion of the ethmoid air cells is particularly desirable.

[0084] The paranasal sinus devices may include any combination of the
aforementioned cavity members, ostial members, and nasal portions. For example, a3
shown in FIG. 21, device may include a multiple looped cavity member 228 (previously
described for FIG. 7D) and a tubular ostial member (previously described for FIG. 15A).
Nasal portion 232 is also formed from a plurality of filaments 234 configured as splayed
prongs. Each component of the device, i.e., the cavity member, ostial member, and nasal
portion, may be forﬁied éonﬁguously (each filament, tube, sheet, or film forms all
componénts)'or separately, and then attached by methods previously described. Each
component may also be pefforated, contain pores, or have other structural or surface
features which enhance or alternatively prevent impedence of mucociliary clearance, and

aid in the placement and deployment of the device.

[0085] In another variation, paranasal sinus device 236 includes a whisk-like
cavity member 238 (previously described for FIG. 7F}, a tubular ostial member 240
(previously described for FIG. 14A), and another whisk-like component 242 similar to
cavity member 238 as the nasal portion 242. FIG. 22C shows an end view from the nasal

~ portion of the device.

21



Z01 60'1 050 9EO ZE-0 95-0 05.0 OVO EVO 8EO

WO 2006/107957 : PCT/US2006/012484

[0086] In a further variation, shown in FIGS, 23A-23C, paranasal sinus
device 244 includes a multiple looped cavity member 246 (previously described for FIG.
7D) and a nasal plate 248 (previously déscribed for FIG. 20D. FIG. 23B is a side cross-
sectional view of device 244 and an cross-section end view through line A-A is shown in

F1G. 23C.

[0087] Active agents. Any active agent may be included in the devices
described herein so long as they are suitable to treat a paranasal sinus condition and are
capable of achieving the desired release kinetics. The active agents that may be used in a
paranasal sinus devicé to treat a paranasal sinus condition include, but are not limited to,
anticholinergic agents, antihistamines, anti-infective agents, anti-inflammatory agents,
antiscarring or antiproliferative agents, chemotherapeutic/antineoplastic agents, cytokines
such as interfereon and interleukins, decongestants, healing promotion agents and vitamins

_ (e.g., retinoic acid, vitamin A, and their derivatives), hyperosmolar ageﬁts,
immunomodulator/immunosuppressive agents, leukotriene modifiers, mucolytics, narcotic
analgesics, small molecules, tyrosine kinase inhibitors, peptides, protéins, nucleic acids,
vasoconstrictors, or combinations thereof. Anti-sense nucleic acid oligomers or other
direct transactivation and/or transrepression modifiers of mRNA expression, transcription,
and protein production may also he used. Anti-infective agents generally include
antibacterial agents, antifungal agents, antiparasitic agents, antiviral agents, and antiseptics.
Anti-inflammatory agents generally include steroidal and nonsteroidal anti-inflammatory .

agents. -

[0088] Examples of antibacterial agents that may be suitable for use with the
described methods and devices include, but are not limited to, aminoglycosides,
émphenicols, ansamycins, f-lactams, lincosamides, macrolides, nitrofurans, guinolones,
sulfonamides, sulfones, tetracyclines, vancomyycin, and any of their derivatives, or

combinations thereof. In one variation, p-lactams are the preferred antibacterial agents.

[0089] B-lactams that may be suitable for use with the described methods and
devices include, but are not limited to, carbacephems, carbapenems, cephalosporins,
cephamycins, monebactams, oxacephems, penicillins, and any of their derivatives. In one

variation, penicillins (and their corresponding salts) are the preferred p-lactams.
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[0090] The penicillins that may be suitable for use with the described
methods and devices include, but are not limited fo, amdinocillin, amdinocillin pivoxil,
amoxicillin, ampicillin, apalcillin, aspoxicillin, azidocillin, azlocillin, bacampicillin,
benzylpenicillinic acid, benzylpenicillin sodium, carbenicillin, carindacillin, clometocillin,
cloxacillin, cyclacillin, dicloxacillin, epicillin, fenbenicillin, floxacillin, hetacillin,
lenampicillin, metampicillin, methicillin sodium, mezlocillin, nafcillin sodium, oxacillin,
penamecillin, penethamate hydriodide,w penicillin G benethamine, penicillin G benzathine, ‘
penicillin G benzhydrylamine, penicillin G calciom, penicillin G hydrabamine, penicillin G
- potassium, penicillin G procaine, penicillin N, penicillin O, penicillin V, penicillin V
benzathine, penicillin V hydrabamine, penimepicycline, phenethicillin potassium, o
piperacillin, pivampicillin, propicillin, quinacillin, sulbenicillin, sultamicillin, talampicillin,
temocillin, and ticarcillin. In one variation, amoxicillin may be included in the paranasal
sinﬁs device. In another variation, the device includes ampicillin. Penicillins combined
with élavulanic acid such as Augmentin® (amoxicillin and clavulanic acid) may also be

used.

[0091] Examples of antifungal agents suitable for use with the described
methods and devices include, but are not limited to, allylamines, imidazoles, polyenes,
thiocarbamates, triazoles, and any of their derivatives. In one variation, iniidazoles are the
preferred anﬁﬁmgal agents. Antiparasitic agents that may be employed include such agents
as atovaquone, clindamycin, dapsone, iodoquinol, metronidézole, pentamidine, primaquine,
pyrimethamine, sulfadiazine, nimethbpﬂnﬂsulfamemoxazole, trimetrexate, and -

combinations thereof,

[0092] Examples of antiviral agents suitable for use with the described
Ihethods and devices include, but are not limited to, acyclovir, famciclovir, valacyclovir,
edoxudine, ganciclovir, foscamet, cidovir (vistide), vitrasert, formivirsen, HPMPA (9-(3-
hydroxy-2-phosphonomethoxypropyl)adenine), PMEA (9-(2- |
phosphonomethoxyethyl)adenine), HPMPG (9-(3-Hydroxy-2-(Phosphonomet- -
hoxy)propylguanine), PMEG (9-[2-(phosphonomethoxy)ethyl]guanine), HPMPC (1-(2-
phosphonomethoxy-3-hydroxypropyl)-cytosine), ribavirin, EICAR (5-ethynyl-1-beta-D-
ribofirranosylimidazole-4-carboxamine), pyraiofm*in (3-[beta-D-ribofuranosyl]-4-
hydroxypyrazole-5-cerboxamine), 3-Deazaguanine, GR-92938X (L-beta-D-
ribofuranosylpyrazole-3,4-dicarboxami- -de), L.Y253963 (1,3,4-thiadiazol-2-yl-
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cyanamide), RD3-0028 (1,4-dihydro-2,3-Benzodithiin), CL.387626 (4,4'-bis[4,6-d][3-
aminophenyl-N- -,N—bis(.’»i—carbamoylethyl)~sulfonilimi110]-1,3,5~triazin—2~ylamino-
biphenyl-- 2~,2'-disulfonic acid disodium salt), BABIM (Bis[5-Amidino-2-benzimidazoly~
[}-methane), NIH351, and combinations thersof. i

[0093] - Typically, if inclusion of an anti-inflammatory agent is desired, a
steroidal anti-inflammatory agent, e.g., a corticosteroid, is employed. Examples of
steroidal anti-inflammatory agents that may be used in the devices include 21-
acetoxypregnenolone, alclometasone, algestone, amcinonide, beclomethasone,
betamethasone, budesonide, chloroprednisone, clobetasol, clobetasone, clocortolone, '
cloprednol, corticosterone, cortisone, cortivazol, deflazacort, desonide, desoximetasone,
dexamethasoﬁe, diflorasone, diflucortolone, difluprednate, énoxolone_, fluazacort,
flucloronide, flumethasone, flunisolide, fluocinolone acetonide, fluecinonide, fluocortin
butyl, fluccortolone, fluorometholone, fluperolone ééetate, fluprednidene acetate,
fluprednisolone, flurandrenolide, fluticasone propionate, formocortal, halcinonide,
halobetasol propionate, halometasone, halopredone acetate, hydrocortamate,
hydrocortisone, loteprednol efabonate, mazipredone, medrysone, meprednisone,
methylpredﬁisolone, mometasone furoate, paramethasone, prednicarbate, prednisolone,
prednisolone 25-diethylamino-acetate, prednisolone sodium phosphate, prednisone,
pfédnival, prednylidene, rimexolone, tixocértol, triameinolone, triamcinolone acetonide,
triamcinolone benetonide, triamcinolone hexacetonide, any of their derivatives, and
combinations thereof. In one variation, budesonide is included in the device as the
steroidal anti-inflammatory agent. In another variation, the steroidal anti-inflammatory
agent may be mometasone furoate. In vet another variation, the steroidal anti-inflammatory
agent may be beclomethasone. In yet a further variation, the steroidal anti-inflammatory

-agent may be fluticasone propionate.

[0094] If anonsteroidal anti-inflammatory agent is used, suitable agents
includé, but are not limited to, COX inhibitors (COX-1 or COX nonspecific inhibitors)
(e.g., salicylic acid derivatives, aspirin, sodium salicylate, choline magnesium trisalicylate,
salsalate, diflunisal, sulfasalazine and olsalazine; para-aminophenol derivatives such as ‘
acetaminophen; indole and indene acetic acids such as indomethacin and sulindac;
heteroaryl acetic acids such as tolmetin, dicofenac and ketorolac; arylpropionic acids such

as ibuprofen, naproxen, flurbiprofen, ketoprofen, fenoprofen and oxaprozin; anthranilic
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acids (fenamates) such as mefenamic acid and meloxicam; énolic acids such as the oxicams
(piroxicam, meloxicam) and alkanones such as nabumetone) and selective COX-2
inhibitors (e.g., diaryl-substituted furanones such as rofecoxib; diaryl-substifuted pyrazoles
such as celecoxib; indole acetic acids such as etodolac and sulfonanilides such as '

nimesulide).

[0095] The chemotherapeutic/antincoplastic agents that may be used in the
paranasal sinus devices include, but are not limited to antitumor agents (e.g., cancer
chemotherapeutic agents, biological response modjﬁefs, vascularization inhibitors,
hormone receptor blockers, cryotherapeutic agents or other agents that destroy or inhibit
neoplasia or tumorigenesis) such as alkylating agents or other agents which directly kill
cancer cells by a‘ctac}acingw their DNA (e.g., cyclophosphamide, isophosphamide),
nitrosoureas or other agents which kill cancer cells by inhibiting changes necessary for
cellular DNA repair (é. g., carmustihe (BCNU) and lomustine (CCNU)), antimetabolites
and other agents that block cancer cell growth by interfering with certain cell functiohs, :
usually DNA synthesis (e.g., 6 mercaptopurine and 5-fluorouracil (5FU), antitumor
antibiotics and other compounds that act by binding or intercalating DNA and preventing
RNA synthesis (e.g., doxorubicin, daunorubicin, epirubicin, idarubicin, mitomyein-C and
bleomyecin) plant (vinca) alkaloids and other anti-tumor agents derived from plants (e.g.,
vincristine and vinblastine), steroid hormones, hormone inhibitors, hormone receptor
antagonists and other agents which affect the growth of hormone-responsive cancers (e.g.,
tamoxifen, hercepfin, aromatase ingibitors such as aminoglitethamide and formestane,
trriazole inhibitors such as letrozole and anastrazole, steroidal inhibitors such as
exemestane), antiangiogenic proteins, small molecules, gene therapies and/or other agents
that inhibit angiogenesis or vascularization of tumors (e. g., meth-1, meth-2, thalidomide),
bevacizumab (Avastin), squalamine, endostatin, angiostatin, Angiozyme, AE-941
(Neovastat), CC-5013 (Revimid), medi-522 (Vitaxin), 2-methoxyestradiol 2ME2,
Panzem), carboxyamidotriazole (CAI), comléretastatin A4 prodrug (CA4P), SU6668,
SU11248, BMS-275291, COL-3, EMD 121974, IMC-1C11, TM862, TNP-470, celecoxib
* (Celebrex), rofecoxib (Vioxx), interferon alpha, interleukin-12 (IL-12) or any of the
compounds identified in Science Vol. 289, Pages 1197-1201 (Aug. 17, 2000), which is
expressly incorporated herein by reference, biolégioal response modifiers (e.g., interferon,
bacillus calmette-guerin (BCG), monoclonal antibodies, interluken 2, granulocyte colony
stimulating factor (GCSF), ete.), PGDF receptor antagonists, herceptin, asparaginase,
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busulphan, carboplatin, cisplatin, carmustine, cchlorambucil, cytarabine, dacarbazine,
etoposide, flucarbazine, flurouracil, gemcitabine, hydroxyurea, ifogphamide, irinotecan,
lomustine, melphalan, mercaptopurine, methotrexate, thioguanine, thiotepa, tomudex,
topotecan, treosulfan, vinblastine, vincristine, mitoazitrone, oxaliplatin, procarbazine,
streptocin, taxol or paclitaxel, taxotere, analogs/congeners, derivatives of such compounds,

and combinations thereof.

[0096] Exemplary decongestants that méy be incorporated in the paranasal
sinus devices, include, but are not limited to, epinephrine, pseudoephedrine, oxymetazoline,
| phenylephrine, tefrahydrozolidine, and xylometazoline. Mucolytics that may be used
include, but are not limted to, acetylcysteine, dornase alpha, and guaifenesin. Anti-

histamines such as azelastine, diphénhydramine, and loratidine may also be used.

~ [0097] Inthose instances where it is desirable to remove water from tissue,
e.g, to remove fluid from polyps or edematous tissue, a hyperosmolar agent may be
employed. Suitable hyperosmolar agents include, but are not limited to, furosemide,
sodium chloride gel, or other salt preparations that draw water from tissue or substances

that directly or indirectly change the osmolar content of the mucous layer.

[0098] The active agent -may constitute from about 0.01% to about 95%,

- 0.01% to about _95%, from about 0.01% to about 90%, from about 0.01% to about 80%,
from about 0.01% to about 70%, from about 0.01% to about 60%, ﬁom about 0.01% to
about 50%, from about 0.01% to about 40%, from about 0.01% to about 30%, from_ about
0.01% to about 20%, from about 0.01% to about 10%, from about 0.01% to about 5%, from
about 0.01% to about 1%, or from about 0.01% to about 0.25% by weight of the releasing
portion (e.g., the cavity member, ostial member, and/or nasal portion) ot releasing material
(e.g., layer or layers having the active agent) of the device. The amount of active agent
used will usually depend on factors such as the particular agent incorporated, the paranasal
sinus condition being treated, and the severity of clinical symptoms, but in all instances will
usually be an amount that is effective for treating the paranasal sinus condition upon
delivery into a sinus. For example, when {reating paranasal sinus inflammation, the device —
may be formed to deliver per day, from about 1 pg to about 100 ng, from about 10 pg to
about 50 pg, from about 10 pg to about 40 pg, frbm about 10 pg to about 30 ng, from
-about 10 pg to about 25 pg, or from about 10 ug to about 20 ng of mometasone furoate

into the sinus, In another variation, the device may be formed to deliver per day, from
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about 10 pg to about 700 pg, from about 25 pg to about 400 pg, from about 75 pg to about

. 300 pg, or about 100 to about 200 ug of fluticasone propionate into the sinus. In some
instances, crystal forms, e.g., hydrous and anhydrous crystal forms, of drugs may be used in
the methods and devices described here. For example, mometasone furoate monohydrate

may be used.

[0099] The active agent may be incorporated and released from the cavity
member,, ostial member, and/or the nasal portion. In another variation, the active agent
may be coated onto the surface of the cavity member, ostial member, and/or the nasal
portion. An exemplary way the -coaﬁng may be achiéved is by dissolving or suspending the
active agent in a solution or melt of a biodegradable or nonbiodegradable polymer. In
another exemplary way, the active agent may be powder coated onto the surface of the
filament that has been made adhesive by, e.g., heating or softening with a solvent or

plasticizer. In yet another variation, microencapsulated drug may be attached to the surface
of the cavity membér, ostial member, m&/of the nasal portion. As previously mentioned,
the active agent may be incorporated throughout all portions of the device or in particular
porti()né of the device (e.g., the cavity member and ostial member, nasal portion and cavity

member, eic.).

[0100] The active agent may be included in the device such that differential
release results. The differential release may be of the same active agent or for different
active agents. For example, variable release of a single active agent may be achieved using
methods such as bulk loading, surface coating (e.g., by having a higher load layer), surface
loading (e.g., by embédding, spraying, or absorbing drug onto the device surface, etc.), and

other techniques well known in the art Variable release of different active agents may be
achieved, e.g., by segmenting the drugs into different layers, reservoirs and/or |
microspheres, which themselves may have differing permeability or biodegradation

profiles, as well as by other techniques well known in the art.

[01011 ' Proimers. ‘When the devices are made with pblymers, selection of the
biodegiadable or nonbiodegradable polymer to be employed will vary depénding on the
residence time and release kinetics desired, method of device delivery, particular
therapeutic agent used, and the like. In all instances, the biodegradable polymer when
degraded results in physiologically acceptable degradation products. The biodegradable or
nonbiodegradable polymer may constitute at least about 5%, at least about 10%, at least
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about 20%, at least about 30%, at least about 40%, at least about 50%, at least about 60%,
at least about 70%, at least about 80%, at least about 90%, at least about 95%, or at least
about 100% by weight of the device or component that it makes (e.g., sinus cavity member,

ostial member, or nasal portion).

' [0102] Suitable biodegradable and biocompatible polymers for use in making
' the paranasal sinus devices include, but are not limited to, polymers such as a poly(lactide);
a poly(glycolide); a poly(lactide-co-glycolide); a poly(lactic acid); a poly(glycolic acid); a
poly(lactic acid-co-glycolic acid); poly(lactide)/poly(ethylene glycol) copolymers; a
poly(glycolide) ﬁ/poly(ethylene glycol) copolymers; a poly(lactide-co-glycolide) |
/poly(ethylene glycol) copolymers; a poly(lactic acid) /poly(ethylene glycol) copolymers; a
poly(glycolic acid) lpoly(ethyiene glycol) copolymers; a poly(lactic acid—co—glyco]ié acid)
/poly(ethylene glycol) copolymers; a poly(caprolactone); poly(caprolactone) /poly(ethylene
glycol) copolymers a poly(orthoester); a'poly(phosphazeﬁé); a poly(hydroxybutyrate) or a
cdpolymer including a pély(hydroxybutyrate); a poly{lactide~co-caprolactone); a |
polycarbonate; a polyesteramide; é\polyanhidride; a poly(dioxanone); a poly(alkylene
alkylate); a copolymer of polyethylene glycol and a polyorthoester; a biodegradable
polyurethane; a poly(amino acid); a polyetherester; a poiyacetai; a polycyanoacrylate; a
poly(oxyethylene)/poly(oxypropylene) copolymer, or a blend or copolymer thereof.
Biodegradable shape memory polymers, such as those commercialized by nmemoScience
in Aachen, Germany, or those described in U.S, 5,189,110 or U.S. 5,139,832, may also be
employed.

[0103} As used herein, a poly(lactide); a poly(glycolide); a poly(lacﬁde-cd- “
glycolide); a poly(lactic acid); a poly(glycolic acid); a poly(lactic acid—co—glycolié acid)
will all be referred to as PLG, PLG polymers, or lactide/glycolide polymers.
Lactide/glycolide polymers for the drug delivery devices and compositions of this
invention are typically made by melt polymerization through the ring opening of lactide
and glycolide monomers. Some potymers are available with or without carboxylic acid end
groups. When the end grouprof the poly(lactide~co—glycolide), poljr(lactide), or
poly(glycolide) is not a carboxylic acid, for example, an ester, then the resultant polymer is
referred to herein as blocked or ‘capped. The unblocked polymer, conversely, has a
terminal carboxylic group. In one variation, linear lactide/glycolide polymers are used;

however, star polymers may be used as well. In other variations, high molecular weight
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polymers may be used to form the devices of this invention, for example, to meet strength
requirements and extend bioabsorption time. In other instances, low molecular weight
polymers may be used when resorption time and not material strength is important, The
lactide portion of the polymer has an asymmetric carbon. Racemic DL-, L~, and D-
polymers are commercially available to include in the devices of this invention. The L~
polymers are more crystalline and resorb slower than DL- polymers. In addition to
copolymers comprising glycolide and DL-lactide or L-lactide, copolymers of L-lactide and
DL-lactide are also commercially available. Additionally, homopolymers of lactide or
glycolide are commercially available. Star polymers of lactide or glycolide or

lactide/glycolide copolymers are also commercially available.

[0104] In the case when the biodegradable polymer is poly(lactide-co-~
glycolide), poly(lactide), or poly(glycolide), the amount of lactide and/or glycolide in the
polymer may vary. In one variation, the Biodegrédable polymer contains from about 0 to
about 100 mole %, from about 40 to about 100 moIé %, from about 50 to about 100 mole
%, from about 60 to about 100 mole %, from about 70 to aboﬁt 100 mole %, or from about
30 to about 100 mole % lactide, and from about 0 to about 100 mole %, frém' about 0to
about 60 mole %, from about 10 to about 40 mole %, from about 20 to about 40 mole %, or
from about 30 to about 40 mole % glycolide, wherein the amount of lactide and glycolide is
100 mole %. In other variations, the biodegradable polymer may be ‘p(‘)ly(iactide), about
85:15 poly(lactide-co-glycolide), about 75:25 poly(lactide-co-glycolide), about 65:35
poIY(Iactide-co—glycolide), or about 50:50 poly(lactide-co-glycolide), where the ratios are

mole ratios.

[0105] In another variation, when the biodegradable polymer is poly{lactide-
co-glycolide), poly(lactide), or poly(glycolide), the polymer has ar intrinsic viscosity of
- from about 0.15 to about 1.5 dl./g, from about 0.25 to about 1.5 dL/g, from about 0.25 to
about 1.0 dL/g, from about 0.25 to about 0.8 dL/g, from about 0.25 to about 0.6 dL/g, or
from about 0.25 to abouit 0.4 dL/g as measured in chlordfonn at a concentration of 0.5 g/dl '
at 30°C.

[0106] If a nonbiodegradable polymer is used to make or incorporate into the
device or composition, suitable nonbiodegradable polymers include, but are not limited to,
poly(ethylene vinyl acetate), poly(vinyl acetate), silicone polymers, polyurethanes,

polysaccharides such as a cellulosic polymers and cellulose derivatives, acyl substituted
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cellulose acetates and derivatives thereof, copolymers of poly(ethylene glycol) and
poly(butylene terephthalate}, polystyrenes, polyvinyl chloride, polyvinyl fluoride,
poly(vinyl imidazole), chorosulphonated polyolefins, polyethylene oxide, and copolymers
and blends thereof. '

[0107] Furthermore, the devices may be made from any biocompatible,
biodegradable or nonbiodegradable polymer that is mucoadhesive. In some instances, the
cavity member, ostial member, and/or nasal plate may be coated with a mucoadhesive,
which may or may not be a polymer. The devices may also be made frem a-polymer that

carries a charge.

[0108] In another variation, natural polymers may be used. Representative
natural polymers that may be included in the devices include, but are not limited to,
proteins, such as zein, modified z;ein, casein, chitin, gelatin, gluten, serum albumin, or.
collagen, and polysaccharides, su?h as célluldse,‘ dextrans, and polyhyaluronic acid.

Hydrogel or sol-gel mixtures of polysacchatides are may also be employed.

[0109] Other materials. In some variations, the devices may be made from a
metal. Examples of suitable metals include, but are not limited to, cobalt, chromium,
nickel, platinum, stainless steel, titanium, tantalum, and any of their alloys, e.g., nickel-

titanium alloys, and combinations thereof.

[0110] Additional agents. The devices and compositions of this invention

may further include components such as preservatives, buffers, binders, djsintegrants,- .
lubricanfs, and any other exciiaients necessary to maintain the structure and/or function of
the devices. For example, the pliable filaments may be formed to ¢ontain a plasticizer or
solvent such as acetone, methyl ethyl ketone, ethyl lactate, ethyl acetate, dichloromethane,
or ethyl acetate/alcohol blends that would soften the biodegradable or nonbiodegradable
polymer of the device. The plasticizer or solvent would diffuse or otherwise be released
from the device into the sinus mucosa after deployment and expansion of the cavity
member to harden the polymeric filamenis (of the device) such that the device substantially
conforms to the shape of the sinus cavity, and to the extent that-a better friction fit of the

cavity member against the sinus cavity wall is provided.
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[0111] Furthermore, as previously described, the pliable filaments may also
include a mucoadhesive polymer to enhance contact of the cavity member to the sinus
mucosa. Examples of mucoadhesive polythers that may be employed include
homopolymers of acrylic acid monomers such as polyacrylic acid and any of its
pharmaceutically acceptable salts; copolymers of acrylic acid and methacrylic acid, styrene,
or vinyl ethers; vinyl polymers.such as polyhydroxyethyl acrylate, polyhydroxyethyl
methacrylate, polyvinyl alcohol, and polyvinyl pyrrolidone; cellulosic derivatives such as
methyl cellulose, ethyl cellulose, hydroxyethyl cellulose, hydroxypropyl cellulose,
hydroxypropylmethyl cellulose, and carboxymethjrl ceiliﬂose; polysaccharides such as
alginic acid, sodium alginate, and tragacanth gum; collagen; gelatin; and any c.ombinaiion

thercof.

[0112] Release kinetics. The devices described here may be formulated with

particles of an active agc’nf dispersed or dissotved within a biodegradable polymer matrix,
and formulated to provide sustained release of the active agent. If made from a non-
swellable polymer, e.g., lactide/glycolide polymers, release of the active agent from the
mafrix is most likely achieved by erosion of the biodegradable polymer matrix and/or by
diffusion of the active agent into the mucous layer of the sinus. Factors that may influence
the release kinetics include such characteristics as the size of the active agent particles, the
soiﬁbility of the active agent, the ratio of active agent to polymer(s), the porosity of the
polymer, the method of device manufacture, the exposed surface area of the device, the

surface area to volume ratio of the device, and the erosion rate of the matrix polymer(s)."

- [0113] The active agent may be released from the device over a prolonged
time peﬁod including, but not limited to, at least about one week:, at least about two weeks,
at least about three weeks, or at least about four weeks, at least about two months, at least
about three months, at least about four months, at least about five months, or at least about
- six months or more. In one variation, the therapeutic agent is released over about two |

weeks to about four weeks.

[0114] The drug release profile of the Iﬁaranasal sinus devices may be
adjusted by various techniques, such as throngh use of different drug, polymer, and
excipient formulations or adjustment of their amounts in the formulations, use of release
and drug barrier layers, differential Eead, microsphere, or microcapsule constructions (with

shells of varying molecular weights or thicknesses), and the like, as is well known in the
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art. The duration of release can also be adjusted through polymer blending ratios,

monomer average molecular weights, and coatings.

[0115] As previously mentioned, differential release of the drug(s) may also
be effected. The differential release may be of the samne active agent or for different active
agents. For example, variable release of a single active agent may be achieved using
methods such as bulk loading, surface coating (e.g., by having a higher load layer), surface
loading (e.g., by eﬁbeddng;' spraying, or absorbing drug onto the device surface, efc.), and
other techniques well known in the art. Variable release of different active agents may be
achieved, e.g., by segmenting the drugs into different layers, reservoirs and/or

microspheres, as well as by other techniques well known in the art.

[0116] Delayed drug release, as shown tn FIG. 24A is useful for adjunctive
therapy, as when tapering off of intravenous or oral steroids previously given to a patient,

or when releasing anti-scarring and anti-restenosis agents later in the healing process.

- [0117] Substantially zero order drug releass, as shown in FIG. 24B is useful
for chronic disease maintenance therapy without trauma or scarring, or for anti-infective
agent courses of therapy, providing a constant equilibrium concentration of drug and

maximizing receptor target occupation levels.

[0118]) Upfront bolus drug release, as shown in FIG. 24C during the first five
to ten days is useful for treatment of post-surgical or implant insertion trauma and for

creating maximum diffusion into the adjacent surgical anatomy.

[0119] Delayed bolus drug release, as shown in FIG. 24D is useful in post-
operative treatment, particularly amelioration of trauma in post-operative debridement

therapy.

[0120] Degradation dependent release, as shown in FIG. 24E, increasing as
the device is -fully bioabsorbed, is useful for prevention of any implant/device elimination

trauma or complications dus to bioabsorption,

[0121] Combinations are possible of any of the above drug release curves by
integrating various drug release methods (for one or more drugs) in a single device. For

example, as illustrated in FIG. 24F, a combination of an initial bolus, followed by
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substantially zero order release, followed by a final release burst is particularly useful in
post-surgical application of the device, treating surgical and implantation trauma (initial
bolus) then surgical healing and disease recutrence (substantially zero order), and

ultimately any implant elimination trauma (final release burst).

Applications.

[0122] Therapeutic action of device. The structure of the paranasal sinus
device itself may also have a therapeutic function. For example, the device may provide
such functions as -ﬁxétion or Spiinthig tissue via spacé filling, fastening, déﬂectibn, in order
to provide support and to keep ébody structure open, as in stenting or packing to prevent
the lateralization of the middle turbinate and occlusion of the middle meatus, or by '
providing a physical barrier to adheéions which may form between various post-surgical
and/or inflamed tissue surfaces. For example, any device incorporating a solid, semi-solid
(gel) or woven or nonwoven mesh structure could be used to practice this method. In
another variation, the device may non-occlustvely maintain patency through the implant
feature area providing the device action by direct provision and maintenance of a channel,
fenestration or port from the sinuses to the Vinﬁlndibulu'm, osteomeatal complex, meatus or
nasal passage by which mucociliary flow may travel. Such a channel may be within and
support the structure of natural ostia or within and support a surgically created or modified
antrostomy to the sinus, but may not totally occlude such openings. For example, any
device with a lumen or pore such as a tube or cannula, or stent with a lumen, could be used
to practice this methdd, as could a highly porous packing material, three dimensional mesh,
or surface or interior structured device through which mucus can flow and which does not

become occlusive of the provided channel through absorbancy, expansion, or degradation.

[0123] Reduction of complications upon implantation. In yet another
variation, the device may possess a structural feature or active agenf that helps to reduce the
complications of device implantation, For example, the device rqay:. 1) prevent trauma due
to device reﬁioval by use of bioabsorbable materials; 2) preifent biofilm formation by use of |
coatings, physical surface treatments, and/or incorporation or elution of an anti-infective or
antiseptic substance; 3) prevent foreign body reactions by incorporating low-dose anti-
~ inflammatory substances inclu.din-g sferoidal and non-steroidal anti-inflammatories (for
example, including the anti-inflammatory effects of low dose macrolide antibiotics); and 4)

prevent device migration by specific active or passive fixation and anchoring features
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incorporated in the device. Substances that may be used to prevent biofilm formation
inctude, but are not limited to, alcohol, chlorhexidine, iodine, triclosan, hexachlorophene,
and silver-based agents (e.g., silver chloride, silver oxide, silver nanoparticles). In other
variations, the surface of the device may treated by a process (e.g. ion embedding, plasma
etching, etc.) altering the physical properties of the surface of the device in order to prevent

biofilm formation,

[0124] Exploitation of mucociliary clearance. Normal mﬁcociliaxy clearance
may be used to extend drug diffusion and effect beyond the physical location of the device.
This is useful in both normal and particularly discased mucociliary flow patterns. In the
later case, the device is useful in effecting the build up of therapeutically desirable
concentrations of released drug at blockages when the normal mucociliary flow is
interrupted or impeded by disease, and increasing drug concentration gradients where
’ mucociliary function is most impacted by disease. Anatomical blockages and areas of
mucociliary dysfunction or ciliary dysmotility may be particularly desirable areas of such
drug treatments (e.g., anti-inflammatories and anti—infectiveé, but also including
chemotherapeutic agents), so as to “chemically open;’ the bIockége and to increase
treatment of the damaged inucosa, Thus, the natural sinus and upstream locations along the
mucociliary clearance pathway may serve as drug depots, with drug traveling to desired
sites downstrcam in the pathway. This contrasts with previous and current teachings in the
field which seek to impede or reduce mucociliary clearance of active agents in order to

maximize dose duration.

[0125] In addition to treating any one of the aforementioned paranasal sinus
conditions, the devices described herein may be placed during, or as an édjunct to,a
surgical, non-surgical, or other therapeutic intervention of the sinuses or nasal passages.
For example, the device may be used during or as an adjunt to such procedures including,
but not Hmited to, septoplasty (surgical removal or adjustment of the nasal septum);
turbinoplasty (surgical removal or adjustment of the furbinate bones); rhinoplasty
generally; sinus surgery (including the exploration, revision, repair, tissue dissection or
removal of some or part of any of the sinuses, including fhe ethmoid sinuses (as in
ethmoidectomy), maxillary sinuses, frontal sinuses, or sphenoid sinuses); polyp removal in
any part of the paranasal sinuses and nasal passages; cannulation, irrigation, and therapy

instillation or injection of any of the above sinuses or the nasal passages, including through
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nasal, trans-ostial, and external puncture approaches (such as through antral puncture,
trephination or “Caldwell-Luc” procedures); surgical revision, dissection, reconstruction or
repair of the anatomy of the paranasal sinuses and nasal passages, including any removal or
adjustment of neoplasms, foreign bodies, lesions, adhesions, defects, stenosis, and fistula of
the natural or post-surgical anatomy; ligation, caut@_rization, and ablation precedures to
control nasal bleeding and repair vasculature in the anatomy of the paranasal sinuses and
nasal passages, or as an adjunct or technique to perform any such surgical or non-surgical

procedure,

{0126} ThliS, the devices described here may have a variety of functions. For
example, they may deliver an active agent to treat rhinosinusitis, have a structure that
prevents lateralization of the middle turbinate and formation of adhesions, have a structure
which directly or indirectly preserves ostial patency, as well as have a coating that prevents
biofilm formation. The devices may be formed to include any number and combination of

functions tisted above.

[0127] Delivery devices and methods of use. The paranasal sinus devices
may be placed into the sinus using various types of sinus inserters. The inserter may
include a conduit, e.g., a catheter with a lumen. The conduit may be flexible or rigid, or
may be designed to have varying degrees of stiffness along its length, e.g., the‘distal
portion of the conduit'may be stiffer than the proximal portion. In addition, the distal

_ portion of the conduit may be variously augulated' to facilitate positioning and advancement
of the conduit through the sinus ostium. For example, the distal portion may be angulated
from about 0° to abéut 175°, from abouf 0° 1o about 135°, or from about 0° to about 90°, If
desired, the distal portion of the conduit may also be formed to be malleable.

[6128] The conduit may be made from any biocompatible material including,
but not limited to, stainless steel and any of its alloys; titanium alloys, e.g., nickel-titanium
alloys; polymers, e.g., polyethylene and copolymers thereof, polyethylene terephthalate or
copolymers thereof, nylon, silicone, polyurethanes, fluoropolymers, poly(vinylchloride),

and combinations thereof, depending on the amount of flexibility or stiffness desired.

[0129] The inserter may be preloaded with a single paranasal sinus device on
‘or within the distal end of the conduit, but more than one device may be preloaded if

desired. It may be preloaded on or within the inserter by the physician prior to insertion or
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preloaded on or within the inserter during the manufacturing process. Once access through
‘a sirius ostium or surgically created fenestration has been obtained with the conduit, the
sheath may be retracted to slidably deploy the nasal portion of the device. If the cavity
member is self-expanding, then retraction of a sheath also causes the cavity member to be
deployed. If expansion ﬁsing a balloon is required, any balloon catheter (including double
balloon catheters) known in the art may be advanced through the lumen in the conduit uniil
the balloon lies within the cavity member. Inflation of the balloon thereby causes the
cavity member to change from a first collapsed configuration to a second expanded
-c'cinﬁgurat_ion and contact the sinus cavity wall. An endéscopé may also be used while
- positioning the inserter to aid with visualization of the ostium. Irrigation tools and

electrocautery may also be employed if needed.

[0130] The following description provides an exemplary way of a how a
single device might be deployed into a sinus using a sinus inserter. The sinus inserter '
typically includes a distal pdrtion, a sinus device in its collapsed configuration on the distal
portion, a handle, a conduit having a lumen, and a sheath connected to a retractable knob.
Upon pulling the retractable knob, the knob moves proximally to abut the handle and
slidably deploy the self-expanding nasal plate of the device., A balloon catheter may then
be advanced through the lumen of the conduit into the distal portion of the inserter and
inflated to expand the sinus device, such as the flexible mesh 40 of FIGS. 4A-4B.

[0131] Method of manufacture. The method of preparing the devices of this
invention will generally depend on -the particular active agent or polymer used, form of the
cavity member, and the release kinetics desired, but may be made by any one of the
numerous methods known in the art. For example, the devices may be made by such
processes as extrusion; injection or form molding; blow, film, or melt casting; welding; and
other manufacturing techniques well known in the art (e.g., cutting and armealing). The
filaments may be wet or melt spun, formed by laser or other cutting, formed by slitting,

formed by extrusion, injection or other molding, or casting.
EXAMPLES

[0132]  The following examples serve to more fully describe the manner of

making and using the above-described devices. It is understood that these examples in no
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way serve to limit the scope of this invention, but rather are presented for illustrative

purposes.

j0133]  Furthermore, the following examples will employ, unless otherwise
indicated, conventional techniques of pharmaceutical formulation, medicinal chemistry,
and the like, which are within the skill of the art. Such techniques are explained flﬂly_ in the
literature. Efforts have been made to ensure accuracy with respect to numbers (e.g.,
amounts, temperature, etc.), but some experimental error and deviation should be
accounted for. Unless indicated otherwise, parts are parts by weight, temperature is in
degrees Celsius (°C) and- pressure is at or near atmospheric pressure at sea level. All

components are obtainable commercially unless otherwise indicated.

Example 1; Melt Extrusion of Fiber Containing 5 wit% Mometasone Furoate

[0134]  Extruded ribbon fiber was made with mometasone furoate and
poly{DL-lactide-co-glycolide). The desired mometasone furoate content in the device was
5 wt % mometasone furoate, The poly(DL-lactide-co-glycolide) was ester capped with a
molar ratio of 70/30 DL-lactide/glycolide and had an inherent viscosity of 0.81 dL./g. The
inherent viscosity was measured at 30°C with 0.5 gm/dL polymer concentration in

chloroform.

[0135]  First mometasone furoate (0.5 gm) and the poly(DL-lactide-co-
glycolide) (9.5 gm) were dissolved in methylene chloride (40 gm). A thin film was cast
from the resulting solution. The cast film was driedin a vacuum oven for 48-96 hours to
remove residual methylene chloride. The cast film was cut into thin strips approximately
10-20 mm wide and 100-150 mm long. Next a Tinius Olsen Model UE-4-78 melt
plastometer was used to extrude the cast film strips. The Tinius Olsen is a solid block of
steel about 80 mm in diameter and about 160 min high/long with a hollow core about 13
mm in diameter. The discharge of the core has a shoulder that allows different size “dies”
to be used based on the desired diameter of extruded rod. For this run, a custom machined
die was used with internal core dimensions of 0.3556 mm x 2.0015 mm. The main block of
the Tinius Olsen has heater bands encased by insulation and a shroud that allow the Tiniﬁs '

"Olsen to be heated to a desired temperature. ‘A thermocouple was used to measure the
temperature of the block. The control system then uses the thermocouple values to either

turn the heater bands on or off. Throughout the extrusion process, the heater bands will
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tested. [Olglﬁs%lrs rrngm%f%sone H.n% afe (O 5 gm), triethyl citrate (0.2 gm) and the
- poly(DL-lactide-co-glycolide) (9.3 gm) were dissolved in ethyl acetate (40 gm). A thin

film was cast from the resulting solution. The cast film was dried in a vacuum oven for 48-

96 hours to remove residual methylene chloride. The cast film was cut into thin strips
approximately 10-20 mm wide and 100-150 mm long. Next a Tinius Olsen Model UE-4-
78 melt plastometer was used to extrude the cast film strips. The Tinius Olsen is a solid
block of steel about 80 mm in diameter and about 160 mm high/long with a hollow core
about 13 mm in diameter. The discharge of the core has a shoulder that allows different
size “dies” to be used based on the desired diameter of extruded rod. For this run, a custom
machined die was used with internal core dimensions of 0.3556 mm x 2.0015 mum. The
main block of the Tinius Olsen has heater bands encased by insulation and a shroud that
allow the Tinius Olsen to be heated to a desired temperature. A thermocouple was used to
measure the temperature of the block, The control system then used the thermocouple
values to either turn the heater bands on or off. Throughout the extrusion process, the

heater bands switched off and on to maintain the desired temperature. The cast film strips,
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Example 3: Fabrication of Fiber Containing 2 wt% of Fluticasone Provrionate

[0139] A fiber formulation can be made with fluticasone proprionate with poly(DL-
lactide) or poly(lactide-co-glycolide). The poly(lactide) or poly(lactide-co-glycolide) can be capped
or have acid end groups. The desired fluticasone proprionate content in the fiber can range from 0.1
wi% to 20 wi%. To prepare a long-acting formulation of fluticasone proprionate, particles of
fluticasone proprionate and poly(DL-lactide-co-glycolide) or poly(lactide-co-glycolide) can be dry
blended in a variety of ways including the use of a mortar/pestle or by mixing preformed polymer
and peptide particles in a V-blender to form a blended powder. Next this blend or admixture can be
added to a twin-screw extruder having a machined die with a 2-mm diameter. The temperature of
the extruder should be about 120°C, As the fiber is exi:fuded from the extruder, it will be collected

on a conveyor bekt.

Examplé 4: Fabrication of Paranasal Sinus Device with Ribbon Fiber containing 5 wi%

Mometasone Furoate

[0140] Ribbon fiber as prepared by Example 1, was fabricated into a paranasal sinus
* device in the following manner. Four strands of ribbon fibér were cut to approximately 35 mm and

then looped to form whisk-like structures as previously described.

Example 5: Ounantifving Mometasone Furoaté, Levels in the Sinus Tissue of Rabbits During

‘Treatment with a Mometasone Furoate Loaded Paranasal Sinus Device

_ [0‘141] Paranasal sinus devices prepared as described in Example 4 were sterilized with 2.5

Mrad of gamma radiation and placed in the maxillary sinuses (right and left sides) of 5-kg rabbits

through dorsal nasal maxillary sinusciomies. Three formulations were tested. These were as

follows:

* PLG 69:31 with 5% mometasone and 0% triethylcitrate (TEC)
* PLG 69:31 with 5% mometasone and 2% TEC
e PLG 69:31 with 10% mometasone and 2% TEC
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[0142] The same formulation was used for both right and left sinuses of a given rabbit.
Fifteen rabbits were implanted. Five rabbits were implanted with each device formulation. The
devices were explanted at approximately weekly intervals post implantation over a 5-week period.
The mucosa of both right and left maxillary sinuses was removedkcompletely at the time of
explanation. The tissue was rapidly fréien and the amdunt-of mometasone in the tissue was
quantitated by liquid ohromatography/méss spectroscopy (LC/MS). The amount of mometasone
maintained in the tissue over a 35-day period is reported in the table below, and is equivéle;nt to 107
Mto 10‘7M concentration at the desired site of action, at all time points demonsirating a sustained
release and bioavailability of drug at levels of tissue concentration which are known to have

therapeutic efficacy (see below).

Mometasone Levels Measured in Excised Sinus Mucosa
{micrograms Mometasone per gram tissue)
4 day pooled | 14 day 25 day 30 day 35 day
10% Mometasohe R 1.41 183 135 97.6
2% TEC L 5.95 7.57 152 335
0.915
5% Mometasone R 0,823 1.01 1.44 0.76 8i.7
2% TEC L 1.17 No peak 44.3 86.4 153
{stdev=0.18) '
5% Mometasone | R | 246 128 211 178
0% TEC L 2.57 0.54 158

Exalﬁplc 6: In Vitro Release of Mometasone Furoate From Candidate Compositions

[0143]

The in vitro release of mometasone furoate from candidate formulations was

determined, and is shown in FIG. 25. To carry out this in vifro release study, each device was

placed at 37 °C in 1.0 wi% sodium dodectyl sulfate (SDS) in nanopure water, the receiving fluid.

At each time point, the receiving fluid was removed completely and fresh receiving fluid was

added. The amount of mometasone released into the receiving at each time point was quantified by

HPLC.
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art in light of the teachings of this invention that

certai n changes and nodificati ons nmay be nade thereto

W t hout departing fromthe spirit and scope of the

appended - claims. CLAIMS 1. A device for treating a

par anasal sinus condition conprising: a) a

tubul ar ostial nenber configured to reside in use

within a sinus ostium the ogltial nmenber having a

proxi mal end and a distal end; b) a cavity

menber configured to reside in use within a sinus

cavity, the cavity nmenber being expandi ble froma

first, collapsed configuration that permts it to be’

i nserted through the sinus ostiumor surgically

created fenestration to a second, expanded

configuration after placenent in the sinus cavity;



- c) optionally, a nasal portion attached to the ostia

menber' s proxi mal end; and d) one or nore

active agents for sustained release fromthe cavity

menber, the ostial nenber, the nasal portion, or any

conmbi nation thereof, when the ostial nenber is

resident within the sinus Egh&gn] thereby to treat

"t he paranasal sinus condi &6, wherein the

cavity nenber conprises a plurality of pliable

f|| each fil ament. end and a
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3. .The device of claim 2, wherein the biocompatible material comprises a biodegradable
polymer selected from the group consisting of poly(lactide)s; poly(glycolide)s; poly{lactide-co-
glycolide)s; poly{lactic acid)s; poly(glvcolic acid)s; poly(lactic acid-co-glycolic acid)s;
poly(caprolactone)s; poly(orthoester)s; poly(phosphazene)s; polyfhydroxybutyrate)s or

* copolymers including poly(hydroxybutyrate); po]y(iactide-co—caprolactoﬁe)sj polycarbonates;
polyest_eramides; polyanhidrides; poly(dioxanone)s; poly(alkylene alkylate)s; copolymers of
polyethylene glycol and a polyorthoester; biodegradable polynrethanes; poly(amino acid)s;
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pol ymer selected fromthe group consisting of

pol y(et hyl ene vinyl acetate), poly(vinyl acetate),
silicone polyners, polyurethanes, polysaccharides
such as a cellulosic polynmers and cell ul ose
derivatives, acyl substituted cellul ose acetates and
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tri anci nol one acetonide, trjantinol one benetoni de,
tri anci nol one hexacetonidefﬁand derivatives and
conbi nati ons thereof. 10. The device of claim 8,
wherein the active agent conprises nonetasone
furoate. 11. The device of claim1, wherein the
cavity nmenber at |east partially confornms to the
shape of the sinus cavity and substantially contacts
the nmucosa' surface of the sinus cavity in the
expanded configuration. 12. The device of claiml,
wherein the cavity nmenber self-expands or expands by
-exertion of an expansive force. 13. The device of
claim1, wherein the ostial nmenber is configured to
prevent mgration of



the device out of a sinus 14. The device of claiml1,
wherein the ostial nmenber is configned to maintain
pat ency of a sinus ostium 15. The device of claim
-1, wherein the nasal portion is configured to prevent
nigration'of the devi ce out of a Si nus. 16. The
devi ce erein th or e act
ol tezafire Pt RO R B Brctigrolons,
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10.  The device of claim 8, wherein the active agent comprises mometasone furoate.

11.  The device of claim 1, wherein the cavity member at {east partially conforms to the shape
of the sinus cavity and substantially contacts the mucosal surface of the sinus cavity in the

expanded configuration.

12.  The device of claim 1, wherein the cavity member self-expands or expands by exertion of

an expansive force.

13.  The device of claim 1, wherein the ostial member is configured to prevent migration of

the device out of a sinus.

14.  The device of claim 1, wherein the ostial member is confiffured to maintain patency of 2

sinus ostium.

15.  Thedevice of claim I, wherein the nasal portion is configured to prevent migration of the

device out of a sinus.

16.  The device of claim 1, wherein the one or more active ageﬁts is dispersed within a

biodegradable polymer matrix and the device exhibits an iz vivo cumulative release profile in
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19. The device of claim 16, in which a
therapeutically effective anount of the one or nore
active agents is maintained in the sinus tissue for
at | east about four days after inplantation the
device. 20. The device of claiml, wherein the

ostial menber conprises a sheet-like material =
whish f hgap@tically caserramopnief wif\ane §F PRETASEYe aRFn{HF Maigfaiagding

@V shu¥ for afidast 2bDE 38 @NYs afer RhplarkaBbidrine ddhi@y €i n t he nasal
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configured to anchor the cavity nember within a sinus
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pliable filanments are configured
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deaé¢i ty. 23. The device of cIa|n11, wherein the
pliable filaments are configured to anchor the ostia
menber. 24: The device of claim?22 or claim23,
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19.  The device of claim 186, in which a therapeutically effective amount of the one or more

active agents is maintained in the sinus tissue for at least about four days after implantation the

device.

20. The device of claim 1, wherein the ostial member compnses a sheet Iike material

conf' gured to anchor the cav:ty member within a sinus cavity.

21.  The device of claim 1, wherein the nasal portion comprises one or more pliable filaments

configured to anchor the cavity metmber within a sinus cavity,

22, The device of claim 1, wherein the pliable filaments are configured to prevent

displacement of the cavity member from a sinus cavity.

23.  The device of claim 1, wherein the pliable filaments are configured to anchor the ostial

member.

24.  The device of claim 22 or claim 23, wherein the pliable filaments are configured to form

a multi-looped structure.

25, The device of claim 1, wherein the device is configured to differentially release the one or

more active agents.
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nore active agents. the device. 27. The device of
claim1, conprising about 0.01%to about 40% of the
one or nore active agents by weight. 28. The device
of claim1, wherein the paranasal sinus condition is
sel ected fromthe group consisting of sinus

|nflannat|on due to functional endosco
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tietldediEeQi ¢ rhinitis; rhinosinusitis; sinusitis that
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ai rways; and nasal, sinus, and nasopharynx tunors.
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iodine, triclosan, hexach | or.op hene, silver-based
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29.  The device of claim 1, further comprising a substance that prevents biofilm formation.

3G, The device of claim 29, wherein the substance is selected from the group consisting of

alcohol, chlorhexidine, iodine, triclosan, hexachlorophene, silver-based agents, and combinations

thereof.

31.  The device of claim 1, wherein the surface of the device has been treated by a process

altering the physical properties of the surface of the device in order to prevent biofilm formation.
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