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Pleural diseases are frequent medical problems often requiring expensive inpatient
15  treatments, often of an invasive or surgical nature. Non-limiting examnples of pleural diseases
include pleural effusions and pneumothorax. Pleural effusions are build-ups of fluid around

the lung, and pneumothorax (PTX) is the collapse of the lung due to air entering the pleural

space.

Pleural effusions can be caused by a variety of common medical conditions such as

20 cancer, tuberculosis, congestive heart failure, pneumonia, pulmonary emboli, cirrhosis with
ascites, pancreatitis, or collagen vascular disease. If the amount of fluid is significant, the

fung is compressed and the patient experiences shortness of breath and cough. These
effusions are often difficult to treat and result in recurrent shortness of breath as well as
frequent hospital visits for multiple treatments. There are many different elements that should

25  be taken into consideration for the treatment and management of pleural effusions,
particularly malignant pleural effusions. See American Thoracic Society, Management of

Malignant Pleural Effusions, 162 AM. J. OF RESPIRATORY AND CRITICAL CARE 1987- 2001

(2000, incorporated herein by reference).



In view of the burden and suffering attributable to pleural effusions and
of the nature of the patient population suffering fromit, a preferred
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25  pneumothorax are at high risk of a recurrent event in the future, patients are not generally
offered treatment aimed to reduce that risk until they experience two or more episodes of lung

collapse given the invasive nature of currently available preventative treatments.

Patients with severe heart failure can develop recurrent pleural effusions complicating
their care and causing increased breathing difficulties. Given the lack of effective and safe
30 local treatments for these effusions, only optimization of the cardiac function can lead to the

resolution of the problem. Unfortunately, recurrence of the fluid build up is frequent.



5 the associ ated problens of existing treatnent options, is desired

Enbodi nents of the present disclosure conprise a nethod and system for
treating pleural diseases by providing a | ow dosage of a scl erosi ng agent
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20enbodi nents, the tinme period nmay be between three and fifteen days. In
speci fic enbodi nents, the sclerosing agent conprises silver nitrate.

In certain enbodi nents, the first pleural layer is a visceral pleural |ayer
“and the sed¥h#'HP¥iPal |ayer is a parietal pleural |ay8FTHHOWERIfi ¢
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In certain enbodi nents, the pleural effusion may conprise a malignant
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sustained-release of the sclerosing agent over a period of time into the pleural space, and

creating a diffuse pleurodesis of the first and second pleural layers. In certain embodiments,

the period of time may be greater than or equal to twenty-four hours. In other embodiments,

the period of time may be greater than twelve, forty-eight or seventy-two hours. In still other

20 embodiments, the time period may be between three and fifteen days. In specific

embodiments, the sclerosing agent comprises silver nitrate.

In certain embodiments, the first pleural layer is a visceral pleural layer and the second
pleural layer is a parietal pleural layer. In specific embodiments, the diffuse pleurodesis
comprises a pleurodesis of at least twenty-five percent of a hemithorax, and the visceral

25  pleural layer is fused to the parietal pleural layer in a plurality of locations. In other
embodiments, the diffuse pleurodesis comprises a pleurodesis of at least fifty percent of a

hemithorax, and the visceral pleural layer is fused to the parietal pleural layer in a plurality of

locations.

In certain embodiments, the diffuse pleurodesis comprises multiple adhesions between
30 the first pleural layer and the second pleural layer, and a portion of the multiple adhesions

may be located at least three centimeters from the distal end of the catheter when the distal



15 end of the catheter into a pleural space between a first pleural |ayer
and a second pleural layer, withdrawing a pleural effusion or air fromthe
pl eural space via the catheter, and providing a sustained-rel ease of the
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30 to 600,000 g/mol. In certain enbodi nents the nol ecul ar wei ght of the
chitosan may range from 150,000 - 700,000 g/nol. In certain embodi nents,
the degree of acetylation of the chitosan is about 18-20% In specific
embodi ment &0 PHOERYr ee of acetyl ation of the chitosan®f¥PEEBIIE - 24 %
(ww. In specific enbodi nents, the tenperature of the chitosan sol ution

WO 2009/ 91?83%!%5 el R2OQRLD Q&%eé SpRRAUL of'\_%@wsidihs Gerleal mee‘iﬁim hiysr, the

tenperatu the chitosan solution is abou

enbodi memdsthe tsheend dpvsant nateriain SRbodERanise ﬂé?cPléF%héY at?&@}ie-‘“ﬂf% 69\‘)/"6\/)&* 195
specific, uﬁqglqﬂ’g P(Tteﬁ‘e of Be ﬁl?fa@ee@xreé Jrin Rl pRERH i18yeaCind dtSle@boué ofie- 1.5 %
cid ‘so

The acetiC ution may be prepared using deionized water, double
di sti | | eathwaensris more tharhiate cepfimeters §pmyjhe weertian Bt g0 PGS 88 ¢ ai n

enbody nEQltsi%fne:% t%?eagfpgf: 1r hlat%']ntgfthé Rewhi hid RBGS QerSLEADdersdd ofel 1Akt r at e
solution Ts I'n ot her enbodi nents, the concentration of
the fi rsttweh'n(libw;rs second SI I ver nitrate solution is about 10 - 15 % (W w
I'n specific enbodinments, the first silver nitrate solution is conprised in

a precipitat 'C,%Halhugﬁbodﬁrﬁerﬁﬁ reh@bise€ ADQGHSE BF Scoa@pe aOtathBrecdndrisip: M)t r at e
sol utions may be prepared usi 10 deioni zed water, double (ﬁ%tl |l ed

wat er, ontrgdulisg 2fCoihaEr @2 Ruaker t%W‘i’fH@) be ceated igiosa chitgsansalubes erdgpistlient s,

the con b kool 1136 GREhnS ik efirsidnk @k GHidtdnon® are the
sane, \/\/hcl‘%[ln&lﬁ%al{rlll %tg gt(rgitg S!rtFﬂrlnst%trrE';‘O t he concenntrat |1rgns o? th(g first, and

secohd sihitysan sﬂumm@pstmstﬁpﬁ@rﬁ@ldaf@@@dp‘* pietbetrodpging b FHhHTHHHEROHSAt s, t he

first tigg ;{n'oOdﬁx@ 1RE o RRRHLontioH 1M Briorally HRRE g mBOAbMBBporichhe first
time perio 5 m nutes. nseC| ic 15 enbodi nents, the

second tthfﬂ‘ejfp:e thmsblmtuyx fgea atroud tise peried; é@ﬂo“{eﬁl Ryele} BRSSP AERTE Ot he
. second tth’ge%P %g%opﬁy ep gecgﬁpcp#ltvg%uﬁatg SEﬂJM &0 Ipltlane@@rhtoﬁil @pbadieent s, the

third ti ours. In certal n"enbodl nents, thethlrd
© time perthodortiay tﬁweoﬁbmﬂms mluudzo ferouthdrd time ppaed-f e ceqqqg@mbeﬁfr@nts,t & peri od

bt : ds. |
ger tllé?’ms %‘i‘?ge&fsﬁﬁfs’l?lg Se% Eae) 8%&?&%}“ tﬁﬁﬁgﬁ%m%ethgg&éﬁ%g%g%tgwgs (Zl% ”) S n
| ess t han faouthyroghD ﬁécemehs (1)l imtrodircimg the erabwtic marihe portiva @taeﬁ%f%ﬁ or the

portlonther of is.clean ri ste a ts, the
cl eani ngHs ‘?W%%Ohétﬁ)ﬁta&gt‘)?{i aﬁ EOlglgtgﬁ%ep%& ?5"? O{tﬁegg%rg |rlot%‘\1Iseé reo \?\nth
about 98% v} REb@nel (bnirspesidy theecdindirnenths, pdrtien eedfiitng eoipri ses
contacting the catheter or t er eof vmt abo o (W w)
25 et hamstiropge sdpion #90R568H M‘éﬂg [cjﬁ @lﬁttmﬁ%? ¥ PSt IOP lﬂnsz rden 1t% ér eof is
not r i egmhetVReDd shepsed B) m&B@llc(ng)the bﬂhaa&mﬂﬁd pnrambmdrenﬁtmtat]mrﬂ @ﬂl‘ree)vm ng
step (e), the cat heter or portio reof rh @ FGHD Iu nfo ter. In
cert ai nnarsodiaenerd ontieaalbaldng 66‘? B‘B’E? ‘?13’? 550t & PP % istilled
wat er far about,.10r 26, seeandsnidatrhaw, TalEHED sep)(i) drrtumeelcithﬂelemdl nents,

t he concentration of gl ut aral dehyde is about 0.98% In 30 specific

enmbodi npnttisn theteef isdne@nt rati on of gl utaral dehyde is about 0.7 - 1.5 %
(Www. In certain enmbodi ments, the glutaral dehyde solution is prepared

usi ng dei oni gedriatahoddeukl %edlrsﬁttin{el l%ﬂmwarte@l‘he dbbutal- e pechaisihe ofcondit er
without Cl ions. In certain enbodinents, the

2009506082 2PET MEATUBIY0BE AT FSbe SEFd Hhe P SRR A S B4R ¢ i n

enbodi Lib et rdn@0r it GR9Wm d 20a¥1 RUDLES:. 4 lhcnmﬁ)zem fic
enbodi %&t gjen%{ﬂ@aig%lﬁ{é{hetr@ Igﬁmft%ﬁe npo?ttl on theregpoepol S dry: nslogeg EW/)‘?’ élll | ed

wat er i mredi an@ldymtréef @h@@p@mm ohehifoen TRgRS dToRt &3t Bet
certain e mrggcﬂ%n%ntstt oﬁg&%w(ﬁ{dhﬁ&aﬂfma&%ﬁgg k] MLt N trat® (sohut i On i's

about 1&F§ERF TR "enbodi ment s concentration of thi rg é(i)l ver
ni t r at es@ktific anbédmartigbe mﬂleculQIOV%ht@ﬁélﬁ@h“{tsﬁ%méﬁﬁ%’éﬁﬁf”é’ﬂbiﬁﬁ 48F-%5% di um

hyal,ur ona ut Dol e SRREE G BADOULIBRIcSan bk L 11 e
per |3§d é@bdggtﬁ%& hgﬁghsl by entst e srext I%ﬁbperl od is about 48 -62
hours. fom 150,000 — 700,000 g/mol. In certain embodiments, the degree of acetylation of the

chitosan is about 18-20%. In specific embodiments, the degree of acetylation of the chitosan

is about 15— 24 % (w/w). In specific embodiments, the temperature of the chitosan solution
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- second coa

In certain enbodi nents, the drying step of step (t) is perforned at 12 - 37
C tenperature. In specific enbodinents, the degree of swelling of the
hydrogel , a, is about 10 125. In speC|f|c enbodi ments, the de

swel |ing oA W& ogel , a, is about 125 - 220 % In EQPPQWngﬁﬁbdlnents
the catheter or portion t her eof conprises silicone-, polyurethane, or PVC

Enbodi ment 5,08 calis QG BMHoagndiR! ARdeRber 0l fE Airsah ia@lt;@dsn ©Eb@OL LigdN
thereof to be coated conprising: (a) folining a first ¢ g. on a.catheter

or the pditiloretsieprbrdimensinirg @pegyiration @é&%’@ﬁ’ﬁdﬁ Ia?/"“ééé‘t “Hlj’ t]r’PeS E4fheter or

“the porti, %ﬂe&&%t?Qﬂe Winbdhtd2ANEE Sackit 4chieis hodd: OW DY 505 d@Mhe adetit iati@tsoltibd 0san
| ayer, Irst silver nitrate layer and a_second silver nitrate. |ayer; (b)

f or mi ng aiﬂs deoprdpaseshsing deianigere weish iouble dstilieA V4@ ©OF ofhef Hersof! YRS i s

layer ?d Qb AR Ynst hﬁ' chltaﬁﬁ%mﬁ&ﬁitnbﬁg theC UMRENSHAY o B BEUBAanalot }z’ecﬁﬁlﬁhl\f@lg t he
cathefer or the portion thereof wth layers in the follow ng orde

second chzhlat§§ahlilblaysel?00utal4t1k$f’/v trwi.| Inerthasicmbadisneptay die WReErEEM AR T ver
N Lrate | gyEe. ARGRDLR: kO i B LD 16 B uit Toducing the cat heter or

t he portl on ereo taral dehyde soI ution; and (d) drying the
catheter or the portion ther eof nbodi ments may al so coggrl se
net hod of codrispryifie edheREreats, @Pﬁﬁ'ﬁ‘iéﬁ‘t‘?ﬁﬁ‘ﬁm@ﬁ‘)]ﬂlﬁ@‘i‘ EFOMPESdn @ FRieifation

compri singe  (RherdH FhbGiRedt, ro?f% o? Qb BeP ﬂ1tﬁtecﬁﬁlk’c%§ fma bel fEpapQlr dir@n
t her eof , conpri'sing sequenti al coat i ng}t e catheter or t port

!
t her @of iotizelayatersdduhlet digiled matfw qsgthep Borigp @& patey Withpw Cldpms &géﬂecffgcyer
first sily eo'&]xatl]énttsr ﬁ’{eecoh(%ﬁ 9 ds ﬁlesfﬁﬁ%&j s&bhd 8lvePhifafl S1idYELre tHekmb,or m ng a

he cat eter or ortion thereof that is Ia ered on
" top of tmlermrosner eobadimepts, Ghﬁmmp@trﬁfgmw&heéimtﬂgd steopd pilier nivatqpelvtPH | y

coating f hg&%‘ﬁt hetle FeeQhin! %081%35{5 Ehm ] F \}J\eéﬂl;g@ n{a"lj'ra%r Sodup 11 H8uie0l low ng

order: FrehftELaR 9 ayer, nit e layer and a fourth
silver nsp%ctzﬁé eenﬂmymfemsanhb (ﬁ:$t ﬁmblmwdlgnm ép (H@)l’t lrhtmisdigsi nlp sPrsifsat het er

or the 30 portlon thereol do. 8 sadbumiyal Eanal & selil kARaold aeed by

intr uc‘? rithe portion eof to a l'vef nitrate
sol ut i Oﬂg,eccﬁ;ﬂdjnﬁed erdaﬁymzl[}gbé hlgoue at-h e tnenutes. tme:epamtam‘mdtnmrsedfe thirg\gme

2009/ 060322PCT/ 00 f t
o the EeLReY ﬁéﬂ@m%wmaéﬁﬁ%%?ﬁ%%d R SR e )

Non- | i mtinguexanpl es of such agents include silver netal, silver oxide, or
silver salts, including silver sul fate si | ver carbonate, silver phosphate,

silver sulfi silver i.odate, si lver i i de) and
si | ver sul phg‘HFp&E’lﬁﬁg rb%‘lhf“eiﬂg B RS eﬂﬁé Sa%ﬁgb)eaﬁ@ %éf)%) 1(;Shdgggic[r%ssed in
t hi spespepbiiiscatdndn Gaderhe mﬁmﬁmntmdpmddnfﬁmepwemt@rﬂa) st sepdcbis syst em
of the |nvent|on and vice versa.. Furt r ste tion can
be used £ TBRPEY & THY FFGARISof1 PR W@HW% 3, fhe cathEior glrrsmg{jorbgnrgthe%}e{ﬁgr al

pl eur odegdased Sor tdisfebuse B @;w’ciﬁdeﬁrlb%dmﬁma defaimdxga@rrmnew @uieasiug thhat is

di stributed throughout the pleural and con specific

| ocat i orfathetgpordBp aprapn H‘rer‘?fl’iff"‘f’%sagmﬁlgg g’f@% OEnB’P is}%eé 1|K€L)er’%ts’t){rﬂgf usi on
of the pl&kihakohA¥es Sontdahe tie cABbted drithd ﬁ(ﬂ“ﬁérothteﬂ%ﬁf mﬁabmmo awswmm)a
sclerosing agent 1s introduced into the pleura ertain

non-25i methanrg:j érx%ﬂﬂbﬁmé@boé’éfﬁéﬁam S?thﬂ?ﬁqfﬁlé%poﬁtf%Lﬁﬁgfa ¥ §°téj6ﬁ‘ﬂ)]g‘i”t§’8'§1 S#hesi on or
fusion gbr% %n{;]ie(c BULRL: sk W Vﬁmﬁﬁts afoﬁb%%rs%% @BaBdIEARE:E dMbortbrChbrest 1em or

nore fr ocation in a sclerosing agent is |ntroducedd
cert ai n rineud-ihidmtitlechyatex abmplessin egdadimentsothe ¢ithftisy portion thereof 1s rinsed in

distilled water for about 10-20 seconds following step (e).

In specific embodiments, the concentration of glhutaraldehyde is about 0.98%. In
30  specific embodiments, the concentration of glutaraidehyde is about 0.7 — 1.5 % (w/w}. In
certain embodiments, the glutaraldehyde solution is prepared using deionized water, double

distilled water, or other forms of water without Cl ions. In certain embodiments, the fourth



15 pl eurodesis can al so conpri se adhesi on or fusion of nore than twenty
percent, thirty percent, forty percent, or fifty percent of the pleural

| ayers. In certain non-limting exanples, general of diffuse 8pI eur odesi s
can al so cOYpIPEEHIhesi on or fusion of the pleural |afEFSBZt¥HHtipl e

| ocations. The term "about" or "approximately" are defined as being close
to as unggfestRadisR¥out 2anRBRs. Ofm Q&N anyodikédtd, therfolle tilfetperia it dbButane
non-limting enbodinent the terns are defined to b Wi%hi n 1 %dhgp e%erably
Wit hi n 594 THEIE- gp é?eélr%kﬂﬂ}boﬁﬂemsnmi%"h%{ﬁd’fﬁlilfslPOIB?rég‘@’fﬁﬁ RV SR t‘@?’ %

The ter Mg el PRLRIiAE10 Gefol stey BHMEoN Imaiat@P Yetbad drfnk O eftaich@sRdinents, when
used in the clains and/or the specification includes any neasurable

t ) 5
decr easethsrcopsaittionefithird #ver sifaegobiiar i oW ' dn cutiiy grfpdiments, the e

Wi 5" effeeliMen or @a 5k nltfdBolliod $€shobin 4 Do speaid/ical tareaandbobs cl ai s,
means adequate to acconplish a desired, expected, or intended result.

The use efdiuhbyajsprstciasbayt 1 (Wiven Boeerirerelisnss s il 1A prgdierm
“conmpri sppges g g, ﬁdﬁar ARG pbie iSRSKRE IS CBh hoRs MY mean "one, " but it
is also consistent Wmth the 30 rregnl ng of "one or nore," "at |east one,"
and "one or nore than one.” WD 2009/060322PCT/ 1132008/ 003843 The use
of the term 'Tarcertpip quphedimpentsndh dryingogiep OF miean(® dhdrePrmednttes —e¥blbicitly

i ndi cat f i EMESHORbNeObr SR bOMBAlNeS, 8 & didtwal |y
excl usi S%mbgﬁ%ﬁoﬁghgp?ﬁ% gﬁé%s%?’e sup%grts a clilgéfi niti tgn t%hat refers to

onl yi@l t BXSndt bpeesicandbotiamdisothe Heghse oSealling of ieshyslpass], foi, catboon! 2&nd228 ai n(s) ,

the words "conprising: nd any fauu of conprisi.ng, ..such . rise"
- and "con%rilgég) ffemlh‘%w%g‘vg’ﬁé %‘ﬁ%? Ffomnﬁ%?m%é:\%n 8?£SS%I(? A & 56\(‘\/'{}2 "and
~ "has"), goripng).udi ng" (and any form of including, such as "includes" and
- "include"), or "containing" (and any fow of containing, such as "contains"

and "cont ai n %ﬁ?a‘re Ltrs](x:rllaUS. oty 'O&ﬁ&hgf&ecgaﬁﬁgas&&egbg%ﬁg&%&ygl%mgfjgibtei onal ,

unrecited el ﬁgigﬂeor et Sgtforélf)résps rern, “1ntroducing”
and var icafted cdoneiskaf (af &freiing ofigsl @aiingoraa calidwetoe the rortichQbearedfet@nprsogt ed at

| east. one | ayer as.descriped herein, into physical .cont W th ol uti on.
Noncts: i R BE At it PR PRIR (8 A lbuleldhy® a0 1
As used fhercgitdian tdyer, b € siiaRlitite lagerumed deenidndliveatieatt hatr; b)viatmieg kncl udes
the standard deviation of error far the vi.ce and/ or et ho el enpl oyed
to det eSFOA® SQaHBS 9 fhgeat ﬁ‘érrtg%B?rEBIE g“,eref’g@f“d?g ,eregr?ﬂ t‘g)dvtatﬂ? ﬂﬁg%%g’?g’t he
present chyeRtd RRuapikily Recime 3pRaEAthe portion thereof with layers in the following

order: a second chitosan layer, a third silver nitrate layer and a fourth silver nitrate layer; and

20 (c) following step (b), introducing the catheter or the portion thereof to a glutaraldehyde
solution; and (d) drying the catheter or the portion thereof.

Embodiments may also comprise a method of coating a catheter or thé portion thereof
to be coated comprising: (a) forming 2 first coating on a catheter or the portion thereof,
comprising sequentially coating the catheter or the portion thereof with layers in the following

95 order: e first chitosan layer, a first silver nitrate layer and a second silver nitrate layer; (b)
forming a second coating on the catheter or the portion thereof that is layered on top of the
first coating, comprising, following step (a), sequentially coating the catheter or the portion
thereof with layers in the following order: a second chitosan layer, a third silver nitrate layer
and a fourth silver nitrate layer; and (¢) following step (b), introducing the catheter or the

30  portion thereof to a sodium hyaluronate solution, followed by introducing the catheter or the

portion thereof to a fifth silver nitrate solution; and (d) drying the catheter or the portion

thereof.



15 fromthe follow ng detail ed description. It should be understood,
however, that the detail ed description and the exanples, while indicating
speci fic enbodi mrents of the invention, are given by way of illustration
only. Addi (WoHA14%322it is contenpl ated that changes an8CHHRRMYWEHT ons
within the spirit and scope of the invention will becone apparent to those

skilled in thg @hinfeh@BikihE of8tdsh@d oHiaS Sichdd irRButicdOBfehRfotfoe 8&h isipick on  of
t he Draw ngs gure 1 illustrates a schematic and section vjiew of an

Fi
exenpl ar yiteibael hesmplayeda NorFetieg exaatlen afedch aecalspretoatvepaee!: skgure 2
i1 Tustrat,esean s§9e Rk ah u@iP Stl-MRitateO kil %dﬁﬁ&?ﬁ}vexaphosphate, silver filGay €S

3A-3C illustrate experinmental results usi n% direct daily dose injections of
25si | ver stiyer odets, silver hafijeyde& ssilyar doride) andisisgresuiphptisaitfent al resul ts using
direct daily dose injections of doxycycline. WD

2009/ 960322PGF | ik B2QR8H0038 43t Rl Wntodinkdnt WSthAEESn ahisalecifiodtion sdabeard

gradi ng systemused to eval uate experinmental results. . Figure 6
i || ust r atrederaenida pih oesRekip &t iahe ARehod 85 sYYIER (Tt Wet inkrtignc aat é‘{fgc‘fﬂéﬁet er

- dosi Ng StyehHsENGstBm$HBht indBitiFRleaBOBkd t02EhigW Rethodd dfdsd ihadn@sn.a t abl e of
experinmental test results froma coated catheter dosing study using a small

pat hol ogy of ‘i iR SPaLr IRy Ph T CPUPISEacE (CBRT 48 Preuess
tCﬁnt ral agngr é't dﬁﬁﬁﬂ&té&'tk%mughout the pllexﬁélgldy&s Ad in%t @opfREOGr ApfeciRNOBARAL | NG
a gug(g g;s%@%?ql éqc‘) é&glée glggrggﬁsgpéorr?prisgspa%ﬁ!as%norlﬁlog}nmtl gf %e%leeuli‘giaﬂlye?sp‘c gteis tn(r)teat ed by
limited to the location at which a sc}érosing agent is introduced into the pleural space. In
certain non-limiting examples, general or diffuse pleurodesis comprises adhesion or fusion of
the pleural layers at a distance measured 3 cm, 4 cm, 5 cm, or more from the location in
which a sclerosing agent is introduced. In certain non-limiting examples, general of diffuse
15  pleurodesis can also comprise adhesion or fusion of more than twenty percent, thirty percent,
forty percent, or fifty percent of the pleural layers. In certain non-limiting examples, general

of diffuse pleurodesis can also comprise adhesion or fusion of the pleural layers at multiple

locations.

The term “about” or “approximately” are defined as being close to as understood by
20 one of ordinary skill in the art, and in one non-limiting embodiment the terms are defined to

be within 10%, preferably within 5%, more preferably within 1%, and most preferably within
0.5%.

The terms “inhibiting” or “reducing” or any variation of these terms, when used in the
claims and/or the specification includes any measurable decrease or complete inhibition to

25  achieve a desired result.

The term “effective,” as that term is used in the specification and/or claims, means

adequate to accomplish a desired, expected, or intended result.

The use of the word “a” or “an” when used in conjunction with the term “comprising”
in the claims and/or the specification may mean “one,” but it is also consistent with the

30  meaning of “one or more,” “at least one,” and “one or more than one.”



Figure 9B is a mcroscopic image of pleurodesis in the pleural space of an
ani mal specinen treated with a sustained rel ease catheter. Fi gure 9C
is a graph showi ng hi stopathological fibrosis scores of teated and

untreat ed cvhtwebsoFreural spaces for each treatnent gr SGFIBASHYM¥Fe 10 is a
tabl e of pleurodesis scores for large animals treated with silver nitrate

sustained rel gase, éacé'ft tjﬂ?tteq{ns“or” in the LGNS ol {oSmBard* AR 0 LnRiCekpRERS ! S
scores for individual large animals treated with silver nitrate sustained

rel ease dalidaestiap sefer to alternatives oty gufhs altprptives agf mpHally FieEEivaL 41%‘1%1%86 rel ease
Ki neti cs %cio‘%}rgglrpé&i t&%ﬂfﬁoﬁ%@ﬁ?&{ 0GR £2QWstha eBigiesan - silver nitrate

gel s 305 a grap ustratlng the rel ease ki netlcs of a
pol yuret hane catheter coated with chitosan - sjlver nltrak
fland

Figure 14 is &sgredpn this presticaionrmgdidnimisy| thawards; fuppidng A ?’%HE
cat heger G ﬁ%ewch*as CRPS@Nng ==§dﬂlﬁfﬁeswwmﬁge @] Sy REFbOM ] fuchss a graph

illustrati rel ease kinetics of a Silicone catheter coated u\gfpg)h ch

osan - sflhavefandi‘besk) ingaflisg” (anbap0loroborbdeeucBon oy itrsgans T

Descri pt | o, enpliah ffrﬁmdd MBMis, Rehek EdtiaiROWnt Ocdiin e sesmpbiag
enbodi nent S amﬁfé’ KBJE % 1, Y ath ol?gam C gaw tzi'/1 450 cgﬁr?gegﬂg rllgeht

heni t hor amop@@@nded ahéfle nﬁ@mlumdéﬁlosﬂow@md elemenis peEeBoDstens ght heni t hor ax
200 conprises a pleural space 250 between a parietal |ayer 210 and a

o viscer al As used herein, “introducing” and variants thereof refer to placing a catheter, or
10 catheter coated at least one layer as described herein, into physical contact with a solution.

Non-limiting methods of such introduction include submerging and dipping.

As used herein, the term “about” is used to indicate that a value includes the standard

deviation of error for the device and/or method being employed to determine the value.

Other objects, features, and advantages of the present invention will become apparent

15  from the following detailed description. It should be understood, however, that the detailed
description and the examples, while indicating specific embodiments of the invention, are
given by way of illustration only. Additionally, it is conternplated that changes and
modifications within the spirit and scope of the invention will become apparent to those

skilled in the art from this detailed description.
20 Brief Description of the Drawings

Figure 1 illustrates a schematic and section view of an exemplary embodiment of a

catheter installed in a pleural space.
Figure 2 illustrates an exemplary embodiment of a catheter.

Figures 3A-3C iltustrate experimental results using direct daily dose injections of

25 gilver nitrate

Figures 4A-4C illustrate experimental results using direct daily dose injections of

doxycycline.

10



S layer 220, which enconpasses a right lung 270. Similarly, Ieft hem thorax

300 conprises a pleural space 350 between a parietal layer 310 and a

vi sceral layer 320, which enconpasses a left lung 370. Figure 1 is not to

scal e, andwErpHis2portions may be enlarged to provi dePEVEHHOEY det ai |

‘;?gﬁg_cer;gbn gonditipns descri bed el sewhere in this disclosure, a pleurai

usion r..akr. c C 1.0:.Rl I

parietal Iayé%gﬁﬁgII%%H$?gg%%ﬁﬁgﬁgbg%ggguTgfﬁagﬁggﬁg?%@ﬁgggﬁgﬁﬁgﬁﬁgﬁ

ef fusi onre2@d@. or air frompleural space 250, a catheter 100 can be inserted

Lg;grﬁgeural spacF 250. In the exenplary enbodi nent shown, catheter 100

rises pr . i . S i

o oxi mal o dErap s e R e e er 00,y be

coupl ed Mmhamnggahmﬂepmm@s@@ﬁe devi ce 140 and/or a 15 container 150.

Negative pressure device 140 can be any small, portable, | i ght wei ght devi ce

Capab}i e of crf R e catfehen alQQtandmpleeassaly space

250. Tn certain enbodi ments, negative pressure device nay be vacuum punp or

vacuum cendreigersmalariral metel150 is configured to receive and contain

fluid/air frompleural effusion 230 as it drains from pleural space 250

through cat hetgr. 304 p%%gra}imaag&gﬁmi@rme @riRe hiiBloty $hamaninti kpegimea 1,

distal end 110 of catheter 100 is inserted into pleural space 250 so that

t he por t wigha pleurelaRcersed BOCOBFHBEFRLINE s cl er osi ng agent 130 is al so pl aced

in pleural space 250. In certain enmbodi ments, sclerosing agent 130

andl or 11 brog e A e 510 andor vl seoral layer 220. By
i parie ayer an r visceral layer 2

pr ontt i gt fPEPRATRRGCOTF AR Y?JP“#@WF(S%‘F@%%%%‘ pari et al Izlyer 380 gﬁd/ or

~ visceral layer, the pleural layers can beconme fused to achieve general or

gll’ f ; iu§ei pl ernx@eﬁsps is Ihxhigrgg@picheiaﬁe b pluedeit irt the plawa coasaudfan awmdf | uid

rin pleural space 250 and there reduce the |ikelihood o

ef f usi orf8PPIR ?%‘Feér"i‘ﬁhr?g“.u“?‘ﬁe‘g’fe‘:?@?e %Fhﬁ% nments, sclerosing agent f 1g|0elrjnra§|

conprise a different material, or conbination of materials, than silver

gb t1 g gt (ran.a A ngrgugdgugsiarmpuéissdwiag hisopahblagiyal fibteis saprss ofteated @h@paisdatsd agent
may conprise includes: doxycycline, mnocycline, tetracycline, talc,

hbony0|ﬁ?@ﬁ%ggPﬁ@ﬁﬁ*ﬁfgﬁpgﬁ?ﬁgWﬁé,‘*@F beta, mepacrine, otheryantibiotics

ot her anti neopl astic agents, and other cytokines and biol ogi cal agents. VD

2009@0;39322Pg@élﬂemma/tﬁlﬁasﬂalemdesis senree Xeripearyimelsodicderitssilveatiigfer 100

is configure or sustai ned-rel ease of sclerosing agent 130 into

space 2589 “%%*eéﬁﬁgﬁaed period of time. In ce?ta?n exanpl es, sglgggggng

agent 130 may be rel eased over a period of tine ranging fromtwenty-four

gﬁure >S<t te 0 SSVETSgaje rlfa'gsdﬂ griyh af plewbdegisstcbess do indivisyelnierge 30inads B“éat?‘%l”ggs ed over
nded .5 period. of ti it is believed that potentia i de

rel atedS? H”Pﬁ@&ﬁwgﬁpgggg?§”’ 5°Be nini m zed. Ratherpthan in}eil?ﬁgeILgCts

sclerosing agent in a single dose, the agent is admnistered in a sustained

ggnngr. oye{ Eiggz&r?jstl afgfaph:ihh@.trathtg the rddeds¢ sipelérston atrobmestivgs é?%@?rn@mﬁéent can

adm ni, red at.a l.eve ufficient to achieve the desi [
yetZpomﬁvﬁdﬁﬂﬁm?owpgﬁﬁggegﬂge effects conmon with singlelaggepleurOdeSIS’

adm ni strations. Such side effects
Figure 13 is a graph illustrating the release kinetics of a polyurethane catheter coated

with chitosan - silver nitrate gels.

Figure 14 is a graph illustrating the release kinetics of a silicone catheter coated with

chitosan - silver nitrate gels.

25 Figure 15 is a graph illustrating the release kinetics of a silicone catheter coated with

chitosan - silver nitrate gels.
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10 include patient disconfort and pul nonary conplications. In certain
enbodi nents, catheter 100 can be inserted into pleural space 250 on an
out - patient basis. Such a procedure can reduce the cost _and inconveni ence
to the pat WeO0%¥%6932% r eating pl eural ef fusion 230. PSR ar y
enbodi nent of catheter 100 is shown in Figure 2. In this enbodi nent

catheter 100 conprise e@q%& %cﬁ%ﬁ!g?@%xewlﬁy@rﬁb&ﬁmfeﬁﬁi litate drainage of
r enbod

pl eural space 250. 1 e ments nmay conprise additional side

drai nage hol es. Side drainage hole 115 provi des an a([iidi i onal {’)‘?t% f or
fluid or air Reberfimuew itibe exmbyarmacsimey skae BRI (A B ehd 110
shoul d b&%@g@ <D Q)P Gemithorax 256) 871081 MehidgRRt 30B0mdan thehappdd. editi

cat het er eby one of many met hods, i ncl udi ng but  not % ited to‘\:5 Ispi n
coat i ng, hegpthergk 20 celinppiien ¢, plesig fsaece 50 eBEITaAE PRyclab (e Bg}ﬂgig? e

enbodj | hRedh70N sihRrsetdf Mmibeltawoenbinptied a

" Pr eggapgﬁ%%e%f&@a%ﬂggm%%ﬁgfg%g% I ngiertai n_enbodi nents, the use
of negatilseal ppavs S60 betreswri parienblapen? 18 rad2 isesrallayeh 5L HiBR RGO PIBIF 8desi s of

pari et al I~ 10 v L Y &k 2723 rtion ik B8 leflgr roWiBy clatitso be
appl i ed IFI%\?% %% 'hglga%ﬂé%hg@glté :ff di scl oégdli n UI.SIS. ePatggﬁfﬁmNo. 6, 287, 285,

herei n 426 detaicor porated by reference. Negative pressure device 140 can
assist in providing apposition of parietal |ayer 210 and visceral |ayer

220, which capgLeduss Lhgidds kelcihRagketherd i @bdlonns upidhal éfinidenoeen the
| ayers and allow for sclerosing agent 130 to effectivel g fua&;aiflbﬁ%%ayer S.

In CHr t air piremboxtimelatesin piraasrage 2P kabwernepagedl Pucr148 #pf S ative
pressur ?a%%e?'?o“ﬁ%ﬁ pat.sf yfﬁgl‘oﬂ%3g§)gtair%rﬁrp&ugﬂ shakerso, Negrdubrveopaedsur e

devi ce may al so conprises a backf | ow devi ce (sgqc}h as._a check val ve,
not shovimprt¢dinprweertspidedst brihagrerpiayrerdipmtsiovhedgh CRRBPEi® 100 to

pl eural @i@%ﬁ&é&%?gz% a tﬁ%gll %S%zazﬁgés%;g?’%gWﬁ%)@%ﬁ to distal endCON ghner 150

can be egative pressure device 140 to capture accunul ation of
f1 ui d/ aicertdie veimértgruibbteul W mayfeceuplsd to 4 peeadT IFYIURE FBYER /O 8ot ai ner

150 185 2 S0 K oL APREGHLTRLEL ¥4 P08 B0 i oh b B At y

secured PYH B ESEEPE geV ce 1 n'certal n enbodi nents, contai ner
150 can cgasiel of dremay adhdeninn patshetiercat®@@r 180 and plsurahepper Ve pre§Elife device

so that container 150 can be tied of f]l ui jn am plameaby, Space
250. | n SBEPHIFHSe REFGHY heht e e gg@g%t%aiyné? Jr%uyuq%gu?{gug\dgg&t 0 t h@%at?\et er
Wi t hout (R AREALFVE PREsSH & @exvced contain fvillizirefrem pésveatnstfarign &ibeditrent i s

descri bed herein, it w unde that various nodifications to the

' | 1__be st o
met hod &répsdipet BRyakiRe eésﬁé}%u%cfa{li%ﬁf?@)eparti ng fromthe 10 scope of the
present invention. For exanple, the conposition of the sclerosing agent may
be digf f er ent 1ni e ekbinplagndndaiinent showkuint Figenao dist lved d&Qae e Y&CFtat i on

any” par eearbataen risnace Berr i UETEE P g U ER SRR e
Cat het ef$) is also placed in pleural space 250. In certain embodiments, sclerosing agent 130
comprises a material, such as silver nitrate, that promotes inflammation and/or fibrosis of
parietal layer 210 and/or visceral layer 220. By promoting inflammation and/or fibrosis of
25  parietal layer 210 and/or visceral layer, the pleural layers can become fused to achieve general
or diffuse pleurodesis. This can help to prevent the re-accumulation of fluid or air in pleural
space 250 and thereby reduce the likelihood of pleural effusions/PTX reforming. In other
embodiments, sclerosing agent 130 may comprise a different material, or combination of
materials, than silver nitrate. A non-limiting list of exemplary materials that sclerosing agent
30 130 may comprise includes: doxycycline, minocycline, tetracycline, talc, bleomyein,

doxorubicin, proviodine, TGF beta, mepacrine, other antibiotics, other antineoplastic agents,

and other cytokines and biological agents.
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© Munst

15Metallic ions (e.g., gold, silver, copper) have a broad spectrum
antimcrobial activity (Spadaro et at, 1974; Schaeffer et at, 1988) Silver
~ions are used for prevention of bacterial colonization on cat het er s ( Maki
etal ., 198%WO29996%8% et at, 1993; Raad et at, 1996). Tﬁ%T’EBiz‘i"W@ﬁm‘f ons are
deposi ted onthe catheter as a fine coat of netallic silver, typically with

a thickness %2%:1 BroBTRRE, WhGEr Ybd 1id 285 Wi tBNRetakddrelevapef and a
| ar ge vacuum 2 §| oshansi, 1991; Sioshansi, 94, Sl oshansi _and Tobi n,

1995; Bammg agentai 30 IMO@euratispage 250 el athﬁa%edb@eﬁ & peed ™t RS het er s
made of g | p?eg ns%lere%ﬁj #Eftt I@@gﬁ]‘ﬂ%q'e@&lé@ by YERE DS Y HEBAd FomGRbNGL er s

with S|Iver coat1 ngs e use n conbination with anti m crobial agents such
as benzafdnomlmuo se‘l'ﬁrairdlazte R BrIoyvine sclegqsinglagent 1§09 ¢ bevsieaspdipyer aéleeéﬁm%@pom t ed

- on ca heteer g S? hgt ei%ygdegh?ﬁgoq d{illmagllde ehedd ’1‘61;12%(9%0 ﬂ@?l@%@% ls @fdhe

I'cone et at, hods used to
deposi t ﬁndxmeed i dkmh@nthamenjs@mga@e soferasimghegest sn caaﬁmﬁ}é dqsas dicf 3588 B

foll OWSa %Fte ¢ US|SQSQa18£d a%x\éfegvé;'aa 9:5 bk ﬁ!n@s I SaTHuRh @R d3eaanki chl er,

- 2004) i fver“coa In a ase (Tobin and Barrbauer 2003) .
Var gas edgestt cah 16/ adstidivientd tah atlewd lswféplem mraah@vedm desiecplearofiesiss e l8eur al

space is_an effe tive of _prodycin 8hdvEke Oirdtate is a
known scTRIEsPHg L&ﬁé}‘ﬁe\l\?%S o’ r% %th gn@%gg{ @*@%%%992001 30The present
invery i Qﬂcmmldﬁ &dcbmgort md pslﬁﬂnendnsy corogehigomshain tratass @@@dlrmm eadhetdy t he
surface of po yure i C cat he er.s cr e ng, two
di f f er ent®® d%sem@ﬁ%ﬁgel@é%"e gg‘gﬁ&aﬁﬁ“oﬁat%%%"é 55 ong‘gctgt \/\%ljage CEII ta&gs an and

~ silver igfge ﬂfe@bét@mdm&yveﬁja)}oe t¥\Be PR 66 B32RRGT4r-B20086:008843 chel ati on
reacti on between chitosan and silver ion and finale crosslinking with

gl ut ar al dehyde F%@@’ﬁ%ﬁm%g‘?l%ﬁ}gt@ho rétﬁ%egrcltoioqp t}%%v}ge\%uﬁ? tﬁqﬁgeﬁgghﬁgﬂtver ion

and finale a Osan chel at e | ver 1on and

hyal ur Orﬂaﬁxetaﬁ@h cdnggaesli Bide tdfm&hhbiathl@mo tfzeaﬂata drainaghiof @@aﬁl freead>@ conpl ex
with the silv jons that 5 ha rmdlfl SIO che Lt sand
supetino| e 5t OQWGBE?HB% COW%@B‘&?%I dr m r&° hode % | %nd%?%aﬁg %%@l sztlg of
transf orp@idesan &ddiddral st fop Sam cﬁfﬁirmﬂb@ $ntd) mthmnjtoo dmths reoemt thahdibtilceati
structure to a random disorganized form This structure has the capacity
to ret ailA0 shoelddierqras biPeied: by van der Waals and ionic forces. The

physi o-chem cal nodifications transfornms the chitosan to a hydrogel. The
degree of swediblofige Qfgeﬂthmohyﬁ;rbgebplﬁﬁptendﬁhm I(]@ebpmneeﬁtmatyl mqthoc.m of the

silver nitrate solution and the reaction.ti

st abi | i tReluiE BErYE JImid 1 SPHeteERE ofP Tt g@éﬂ“ﬁ Hgﬂré@ ﬁo ized by
met hads g bdife GRRIEhéKbNEhahE BreGlestiiBed|ntitb yelaion dRidw( emecbatremuton@ff i naI

| ayer of Chl tosan-AWw th a polyionic conplex with a base of chitosan-Ag+

and hyaIQQlﬁ*é‘H:éfhﬁéﬁsd The hydrogel s di scussed herein formirreversibly and
may elute silver ions at a constant rate over tine, such as 2 weeks.
15Cener al | y mpgakinngabodBifentd, Mic ise @f fndgdtior prdshat devitd ihoey lse apigpar at i on

and properties of the hlt n | ver, coated c e i e

physi o- GHETERCEIHEF S eégj?"’cy? i 30 1A f‘ﬁ&%"é@w %8 ?g%’%ﬁ%g%a %‘2 of

chi tosaR.is,kpiLal Jnxthe@tg&eerhs%a @R0ta@ HO0;DOPatgitnuib. Bi28N285, degriee of
acetyl at| 0 (DA) of 18- 20% .20 The concentration of the. chitosan §0I ution:

t he 26 onsatpmated O refereass tNREaHvY Hessuesieyies iy can assist m providing app031 on o
parietal layer 210 and visceral layer 220, which can reduce the likelihood of fluid/air

accumulation between the layers and allow for sclerosing agent 130 to effectively fuse the
Jayers. In certain embodiments, negative pressure device 140 provides a negative pressure of
approximately 5-40 centimeters of water. Negative pressure device 140 may also comprises a
10 backflow device (such as a check valve, not shown) to prevent fluid or air from returning

through catheter 100 to pleural space 250.
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of 1% acetic acid is typically between 1.4-1.8% The higher the
concentration, the thicker the coating. The tenperature of the chitosan
solution: the tenperature is typically 5C to ensure proper coatin

t hi ckness. VaBTHEIEdncent ration of silver nitrate sol uft&RE20EHas:
concentration of silver nitrate solution is typically between 14-16% The
ppaction L Jr.?@iﬁ’&{ha&e%ﬁlfe@{onfe i€ BlebQaELy£RakD RcRrs Reuedbhet er and
the silver nitrate is typically 24 hours at room tenperature. Tgle setting
time withf 8uilrgbuoeddtae rege! spicaidn It serteipppmbadipes meptangr ey i ng

time after t.he ' e I1.QS i | | 4
hours. . B°900%) BRbsaTEeY LSRR B a5 e R L P of
prepari ngema]t4gd Ioattist enbodimeniscomtunse d Shictth easH Semped: Brma cgtfgier HE present
I nvention are scr.ibed Q I.é)w X ' f ' +

Coat eé Cﬁcﬁo&tﬂégas Y& Eesﬁ'reos%ll_lenﬁ?i ngaévzinmtaﬁwél %f%a?%%%%t%g d%of}u%?%%@%?‘gﬁgr ati ons
1% (W w) pmgr meaeh@ dolcuttiio rembbdiments0@Gontingt s dtceePupledsi, tha Gathetet

- concentrat 10acetic aci 98% and 990 m double distilled water (w thout
A’ ions) Rl &S ?Q{Sége%e&cé‘ 1.8% (W w) chitosan solution: In a g L

m xer, 982 nL of 1% acetic acid solution and 18 g of chitosan (type VANSON
with dggr ge _cli_ﬁhxm:e? yekermplary ¢mpydinen? O9odapraibed Metely el b5 u@@?}‘%ﬁdﬁﬁ/ mol )
wer e added. e.s0l.ut i ' ' ; §dpait® NaR

di ssol vegiriogy RogEPine X (RN bt %&%p%?s%%@ag%f‘”%ﬁ%l e ossi bl ¢

m cr pgel sopnd thopresepdinvention. For example, the composition 0 the sclerosing agent may be

different in other embodiments. Furthermore, the sequential recitation of steps in any claim is

not a requirement that the steps be performed in any particular order, unless otherwise $o

stated.

Preparation of Coated Catheters

15 Metallic ions (e.g., gold, silver, copper) have a broad spectrum antimicrobial
activity (Spadaro et al., 1974; Schaeffer et al,, 1988). Silver ions are used for prevention of
bacterial colonization on catheters (Maki ef al., 1988; Groeger et al., 1993; Raad et al., 1996).
The silver ions are deposited on the catheter as a fine coat of metallic silver, typically with a
thickness of <1 pm, by a process which utilizes low temperature vapor and a large vacuum

20 (Sioshansi, 1991; Sioshansi, 1994; Sioshansi and Tobin, 1995; Bambauer et al., 1998). This
technology has been applied to catheters made of silicone, polyurethane and other polymers.
Currently, catheters with silver coatings are used in combination with antimicrobial agents
such as benzalkonium chloride (BKC) (Li er al., 1999} which has been deposited on catheters
made of polyurethane (Maki et al., 1997; Hentschel and Munstedt, 1999) and silicone (Raad

25 eral, 1996). Methods used to deposit silver ions on the surface of catheters can be classified
as follows: (i) inclusion of silver nanoparticles (Samuuel and Guggenbichler, 2004), and (ii)
silver coated in a steam phase (Tobin and Bambauer, 2003). Vargas et al. 16/ showed that
silver pitrate administered in the pleural space is an effective way of producing pleurodesis,

and silver nitrate is a known sclerosing agent (Bouros et al., 2000; Gallivan, 2001).

30 The present invention regards silver nitrate hydrogels that have been coated on the
surface of polyurethane and silicone catheters. To create the coating, two different methods

were employed: a chelation reaction between chitosan and silver ions, followed by (i)
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15particles. The solution was kept at 5C. 14% (W w) silver nitrate
solution: Silver nitrate (35 g) and double distilled water were added to
the fill mark of a 250 m graduated flask The solution was kept at room
t enper at ur VQRHYPIE220f the |ight. 0. 98% (W w) PST’&’E@P%"@P@?\yde
"solution: To a 200 m graduated flask, 2 m of aqueous 2098% sol uti on of
gl utaral qg&ﬁé’tﬁﬁ W@{c@orﬁ%ﬁ%en Deni)sgn d!mﬁit' sivgd iwat gla vasiAaddeditiend heidf i | |

mark. Step A ication of the first layer conprising. chitosan-Ag+ The
~surface (gfutatralriéehdéq, hst @) shelationf fepafionchesusraFhiiptan @JIoBlEs SruttbAIBE %t hanol
and 25 (i sentlich o kit INASE: B akdiSacRRld fm and the quantity of the
silver contal ne gepen on the concentration of the chitosan and SI | ver
nitrate solutions. Wth decreasing conce tratlons of c |tos n sol ons,
the t hi cknessReserdingethp GRREI8ITeaH ki 058 TerEs Peeramie @%1085 oned a

1. 8%I€, ﬁﬁ ﬁ@diﬁ&?ﬁi@sﬁ%%icglnpx@ i@ di%upiMntlecSlind Mﬁfcuﬂé tmtsﬁpézﬁiowcﬁ@rn A 100
m cylinder was fil'led with 8% (w chitosan, sol ution and kept at 5C.

© 30 The pwotifigiionfconsifs Q,fait*F?‘é‘ﬁféfmattkﬁ’n therhitesgn Wapkeclgs HeTogein |ffﬂﬁbapﬂg¢a]sol ution
and kept th‘furé't ﬁh’(ﬁo?n AR aRR8 BREAMP O QRciofe Hab ehLabhglab rWas (hd1@Rer

“introduce ate Into a reC| itation tube that contained an 18%

(W w) siloneby witt ﬂ%it‘@a%&)mﬁtlpwﬁ b physierclemistlanpdfigptions taRséor@s st i on f or
5 mn. r QIR o SIS 38 KM doRBen@htich8%0
RERMAINE 2 e e @y%ﬁ%ﬁoﬁ%ﬁﬁq’f T R s b BP0 8, 003843 St ep
B: Appl i cfzhé mvemmtneahgm@nd tHeagastion time. Hvdr@mltdamqwxx@mw@é}m rieskeopolf or m a
hydr ogel ol ]l owin e _ap y hhout, drying,
t he cat h%fig‘ A S rc’ignh 3ga 8]Lén%ﬁ st%ﬁﬁéeg 1\%2% Ex%hwldﬁ eq;) &th}% %I pped into
a sol ut i gotzefdchy®%andvioati the Sianl layer 5O;hitase- A@I\dﬂf @polilomcrmmlexm@ second

o d d f..the hi
aippi no. Sent et are Rl rifedtt Mo S Ussp RO R Tl 1 °

sol ut i orundnshykeldkifvariods ark natsenf ate dveetihe,ssth go2emwicps.t ati on and then into a .
final solution of 18%(vw’w) silver nitrate for 24 hours. The concentrations
of t silver,nity ol uti v, [olo) F S &r every
3 to 4 uses. ys}’fﬁkm‘% SGF %Hﬁmﬁe{gfaagoﬂet:ﬁ%& eIjtli:}%gl%\l?ar{les d‘ra%ﬁf%ﬁ— 3000
for reacdfitlmnhttbmsﬂafc@tddouamstetsondude 125 for reaction tinmes of 24 hours,
where a represents the degree of swelling: a - ((equilibriummass of the
hydrated hyd gslllysm Jn38i A dhad¥RleH Bes OF tHe B WA RO floldoulbhBaddiof cMeds@hls of the

hydr ogel x 1
typically between 400,000 to 600,000 g/mol with a degree of acetylation (DA) of 18-

20%.
20 « The concentration of the chitosan solution: the concentration of chitosan in a solution

of 1% acetic acid is typically between 1.4-1.8%. The higher the coneentration, the

thicker the coating.
o The temperature of the chitosan solution: the temperature is typically 5°C to ensure
proper coating thickness.
25 o The concentration of silver nitrate solution: the concentration of silver nitrate solution
is typically between 14-16%.
« The reaction time and temperature for the chitosan coating on the catheter and the
silver nitrate is typically 24 hours at room temperature.
o The setting time with a 1% glutaraldehyde solution is typically 8 min.
30 « The drying time after the coating of the chitosan-silver complex is typically 24 hours.
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15 Step C Crosslinking of the catheter-deposited chitosan-Ag+ hydrogel s
with gl ut a(rjal delhlydg Foll ow ng steps A and B, the prepared catheters were
rinsed in distilled water and di pped into a 100 nl _cylinder containin
a 0.98% (WYR)2XEFE on of gl utaral dehsge, and |eft 20f %qwézzms%;ts&_ The :
catheters were then given a final rinse in distilled water and then dried
for 48 hours mlanfReWfeREas af plefaringxdRRYE CatletdS Fh epaFdhéoRithihkatheter s
Coated with a Chi t‘osan_-Ag% Conpl ex  and Hyal uronat e- Ag+ Conpl ex Sol ution

Pr epar at #iri&e presgpt iRy gifion tdf’ﬁglg‘?ﬁl%?l%"él ution: See Exanple 1. 301.8% (W w)

chitosan sol ution: See Exanple 1. 16% (W w) silver nitrate solution:
In a 250 mM graduated flask, 40 g silver nitrate was added and doubl e

di still egeomppier was added to the fill mark. The solution was kept at room
tenperature and out of the light. 1% (W w) sodi um hyal uronate

sol utjon: In a gl ass Prépagatidn ddthitesadnigl Goaed Cativitads amdl 35 99 g of water
wer e added. The sol uti on w&sossliikied with giudakaldeleydgsodi um hyal uroni ¢ aci d was
WO 2009/ 060322PCT/ 1132008/ 0113843 di ssol ved (around 3-4 hours). The

sol uti on was Skhplonifrepdratiomf ri gerator, and was brought to roomtenperature

bef ore use.

1% tw/w) acetic acid solution: Tn a 1000 m! graduated flask, 10 g of concentrated
10 acetic acid (98%) and 990 ml double distilled water (without CI ions} were combined.

1.8% (w/w) chitosan solution: Tn a 3 L mixer, 982 ml. of 1% acetic acid solution and

18 g of chitosan (type VANSON with degree of acetylation (DA) = 20% and a molar mass of

585,000 gfmol) were added. The solution was agitated until all of the chitosan was dissolved.

The solution was centrifiged (3500 rpm) to eliminate possible microgels and colored

15  particles. The solution was kept at 5°C.
14% (w/w) silver nitrate solution: Silver nitrate (35 g) and double distilled water

were added to the fill mark of a 250 ml graduated flask, The solution was kept at room

temperature and out of the light.
0.98% (w/w) glutaraldehyde solution: To a 200 mi graduated flask, 2 mi of aqueous

20 98% solution of glutaraldehyde were added. Double distilled water was added to the fill

mark.

Step A: Application of the first layer comprising chitosan-Ag’

The surface of the catheters was first cleaned with a 98% sclution of ethanol and

25  finally dried. The thickness of the coating and the quantity of the silver contained depends on

the concentration of the chitosan and silver nitrate solutions. With decreasing concentrations

of chitosan solutions, the thickness of the hydrogel coating is decreased. This Example
employed a 1.8% (w/w) chitosan solution and a 14% (w/w) silver nitrate solution.

A 100 ml cylinder was filled with a 1.8% (w/w) chitosan solution and kept at 5°C.

30  The portion of the catheter to be coated was submerged into the solution and kept for 1

minute. The coated portion of the catheter was then introduced immediately inte a

precipitation tube that contained an 18% (w/w) silver nitrate solution. The catheters were

held in this solution for 5 min. The catheter was then introduced into a second solution of

18% silver nitrate solution for 24 hours.
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Step A: Application of the first coating layer with a chitosan-Ag solution
5Coment s on procedure: The catheters were cleaned with 98%

et hanol prior to coating and dried. The thickness of the coating and the
quantity oWan&/iizyer contai ned depends on the concenP¥HEHHHBIE he
chitosan and silver nitrate solutions. Wth decreasing concentrations of
chitosan solutions, the thickness of the hydrogel coating is decreased.

Thi's exanpl e GiploYEd)fa S thd Qecoitl Myef Qb&t%lt‘%ﬁn“t& "Odbm: T&e{o%%%t ration
of the S|Iver concentratron o

silver in thej?af%Ts and the swelling properties thereof. Cbncentratlons
bel ow 16% (W/M@?@ln' \ﬁﬁéapghéaru@ﬁ B @E %rsm%ryerr W@Hﬂr@e@z@-@ﬁﬁetéﬁﬁaﬁﬁ@éd ng does

not contain Icrent "'silver, the layer wll sweo }61\ aqu fﬁs sol uti on,
and tfhie stdilkd wptepiwithoneCliaah dippesd glf%ﬁqlil%l HHeB% ‘V@f)§ et ¥ el

- Sondit1 ongy rGaRALINACIRY B8 SRPIGYSHA SUCpRS i & ByddBEIVEN)

sol uti on of gl utaral (seée Exanpl e a concentratiaon of 16%

1).
(W w) sifollewingithis émemgfstyp, g aatiter Waglinpgd mtp an ﬁa%‘%dwm e s ALK ng
- agent in nq&w 1ShaNindfglichhiaBRtiod 8E1®% (Wagar di ng
coating ?hICE%%§S ?ﬁhﬁﬁgﬁgggﬁﬁ&?%#%gggturem'the thlcﬁgess of(tﬁg | ayer
is genersallvbzymmac rf@aZéleld)ms;o'Fhee)@awpﬁeﬁona of Sippédlven HiFrae spBHER TETS PW"S@@ to 20C

resu t hi ckness by 50% For silicone-,

polyhieﬁﬁ ﬁ%?%%%éﬁgééfbn%ggm%atheters 5Cis an exenplary te erature t hat
may be enpl oyieddegrte ofhydogersechmmitsdran ¢ 08 f@l‘éﬂ?ﬁé@@ﬁ@ﬁ@ﬁ@%@ﬁ’t f8an 0OC or
in the ran (o) cau S ol ifjcantly

" increased” gﬁEZéfr&wuo ?ﬂcéf%gggmégﬁﬁégﬁt?ﬁg%ﬁﬁ??%rﬁ%ﬁk(ﬁ kﬁ@ éier

t hi ckneggequiNbiilne dhasP&fAhd BPirared loydkagetie thewls wiight eftthevtdro gehéthe A3t wj@a?ﬁ

sol ution ggg gl C The portion of the catheter that is to be coated
was subﬁgiﬁ 18t'S ‘Pl sol ution and kept for | minute. The coated portion
of tiye catheter was then introduced imediately into a precipitation tube

that contai ned an 1€ raf e sol.uti.on, el.g.were
hel d in thi st RILE o AUS CAINetal Cepayie '*8§$P1' %ﬁ..ﬁhed into
a second solgﬁiﬂﬁiﬁhﬂkB m/mo S|Iver nltrate 30solution for 24 hours. WO

2009/ 060322P éﬁﬁ%ngégggﬁéﬁ%ﬁg?ﬁﬁ?medCgmﬁgﬁ 8Qr%% Qh§§EgQQ?§QﬁH'n9

| ayer of chi orm-a Exampl e 1
above. %S8hpepiks a ApP hﬂ @:ﬂﬁndaﬂc@ftmmimgaIQI.’QSP/d(W/watsolngoﬂ a@@utamfdehyde and left

chit Osar%orAggéﬁﬁ%'s Ue catheters were then given a final rinse in distilled water and then dried for

48 hours at room temperature.

Example 2

25 Preparation of Catheters Coated with a Chitosan-Ag" Complex and
Hyaluronate-Ag” Complex

Solution Preparations

1% (w/w) acetic acid solution: See Example 1.
30 1.8% (w/w) chitosan solution: See Example 1.

16% (w/w) silver nitrate solution: In a 250 ml graduated flask, 40 g silver nitrate was
added and double distilled water was added to the fill mark. The solution was kept at room
temperature and out of the light.

1% (w/w) sodium hyaluronate solution: In a glass, 1 g of sodium hiyaluronic acid and

35 99 g of water were added. The solution was agitated until the sodium hyaluronic acid was
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hyal uronat e- A& ion conpl ex Comments on procedure: The application of a
superficial layer of hyaluronic acid-chitosan-Ae has the advant age of
augnenting the elasticity of the catheters in a humd environnment and
10di ni ni shé¥0 WH¥HEYree of swelling of the chitosan- AgPFE&PE HEsdsi ted in
steps A and B. This |ayer also increases the bioconpatibility and the
super i clial 1 £Q n@ﬁﬁ&& gtéi ST TR Lo¥iBlon WA Rept MR HROR i Al BT arkl W& Houdhh®
catheters were dipped into’a 1% (ww) solution of sodium hyal ur onat e
and kept rdoor temppdnguredefolyivdeng this period, the chitosan-hyal uronate conpl ex
|js|15for_rred. Th](ca catheters were then treated with a 16% (w w) sol ution of
- silver nitratg for ,10.0] Sy hel el Sihel &i Gt dofiochor 48 h
" EXPERI MENTAL S ' Ation of eﬂ_lt}?co%ﬂ}; 3 v%lﬂed &X&WA §gﬁﬁlgﬁl owi ng ours.
- exanpkes are @es6nt6d,a8p0n-1imting exanpl es of procedures to test the
met hods and apparatus disclosed in this specification. 20 Exanple 3 Direct

Daily Dosing at Low Level s The Xperients were I toi

order to determind’f faq"’éﬁ)s JEedeapd §’Bﬁ §?%s%@?@°g§é‘ﬁ3% c%%lﬂlfgggr rgé%‘tﬂ}%n "

3 gg g gs 3 ; thgﬁfésggmg F&ﬁtﬁg \Aﬁtﬁﬂldc NS h e <|$f_ttEé alfel nitedprpéeld of dshiooeentrifiinng dai | y
_ ver nitrateée or doxycycline_in decreasing doses start.i t th

| ower | ih theghitospy %‘%ﬁaﬁtﬂvﬁraéutﬁfeeW’H%Pé‘fs'ywt’)@egecfe@ﬁagtCé’gcet“g'atboélse?f?élééto %na\%e? the

further dectpasgsnimdosi ROnyesR1 adlhDiss@EREd UThis iezimnge sihployel RY% 5 da
or 14 day reginens. Theor eti%%l é utilizing | ower doses onpla,cbre egpioed ba>s/i S
& g, de enmgs %e

may Hedubéw pritofanelisingy Thsdrasengeivaraltle Fives prdieiordpSan

concentration of the silver in the layers and the swelling properties thereof. Concentrations

below 16% (w/w) silver nitrate are not recommended because the coating does not contain
sufficient silver, the layer will swell in an aqueous solution, and the stability will be weak. To
stabilize the layers under these conditions, crosslinking may be employed, such as with a 1%
15 (w/w) solution of glutaraldehyde (see Example 1). Using a concentration of 16% (w/w) silver

pitrate, for example, avoids the need to use a crosslinking agent in this manner.

Temperature is an additional factor regarding coating thickness. With increased
temperature, the thickness of the layer is generally decreased. For example, a temperature
increase fom 5°C to 20°C results in a decrease in layer thickness by 50%. For silicone-,

20  polyurethane- and PVC-based catheters, 5°C is an exemplary temperature that may be
employed. It is not recommended to use a temperature less than 0°C or in the range of 0-3°C

because the thickness of the layer is significantly increased and it is difficult to control the

uniformity of the layer thickness.

Method:

25 A 100 m! cylinder was filled with the chitosan solution and kept at 5°C. The portion
of the catheter that is to be coated was submerged into the solution and kept for 1 minute. The
coated portion of the catheter was then introduced immediately into a precipitation tube that
contained an 18% (w/w) siiver nitrate solution. The catheters were held in this solution for 5

minutes. The catheter was then introduced into a second solution of 18% (w/w) silver nitrate

30 solution for 24 hours.
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Al experiments were carried out in a rabbit nodel of pleurodesis which has
been extensively utilized in the field of pleurodesis in many centers
around the world. As 30explained in further detail bel ow, standard

pl eur odesi 4 YOLYB22 graded one to 8 and is used for a8SESEAEAN8T t he
~efficacy of pleurodesis, the nunber one representing a normal pleural space

WD 2009/ 06032¢B6-H. | 8003863 sudhh Qo RincARY &£ Rh o RANDI RbRItIBh @6 Kot
synphysis. A Igher 1s usually considered consistent with a

successf ul pleu(Jg%sis. Doxycycl i ne Methods 5A total of 18 animals were

treated wth goxyenelimenple dases of 1 ng/kg, 5 nmg/kg, or 10 ng/kg. Aninmals

. (n=2) in the 10 ny/ kg group received only the single day injection, aninals
(n=2/group) in the 5 ng/ kg range recejved either 1fqu

.

injection, anfeRntieinplication of| igethirg) coating, daxer o e tosan, Ao sodiuin
recei ved repetiaBHORE WEOWNEEr 5 days or 14 days. The results were

conpared with_ the placebo groups (n=2/group) which were 10 given saline

i nj ections oVA"EAHSHBPTICCY e 14 days. Al doses were admi ni stered after a

daily drai naggme @plitdenesd aoduptiicial Neat refnkyapesitio cheid-tidtosnt Agl daswvgree

eut hani zed and pl eurodesi s wg@iscoregﬁgcco di ng. to the standard scoring

syst em sHBWHAgen ofiagepetine the SHEEHOf HIDSREFS Pnéd TEYE FUFe 3R ¥ 8vi des a

tabl gy Wi §ii@¥RE e MBRESYf shRBMb bBthekhitdueh-Ki UMrs sgReietEnstepsingd Bosysycl i ne,

whil e Figure 4B provides a table summari zi ng the avera ?.gleurode5|s scores

for the Bpselspingecates dediommanttiy apd thééﬁlﬂ?éﬁﬂﬁl&??%ﬁ%ﬂ’é’ﬁ% HayE o8t

adm ni stratiqp.f gure 4C provides a graphical representation of the

results provided in Figure 4B. 20The |owest reported eff?ctiv dose for

doxycycline in thigemyerep, ths cateisry Keye dprad Ep ddl’e (HEYSOUIRD Oh SOF L i al

experi Wqﬁlaﬁl S ' i dh-ByaldedslaRcdadidx &hi s dose

at 5 ny/kg F@%%é?gg§§9%?%§k%§§§hgfg?%g?awggﬁ%fd?%spV%Lrpdesl;ﬁgithough a

" scork offofnedasThelretievrsdyshdrenttivated dotier Wl (waegobyien of ailvpaydratealor dien | ower

dose of18£§%g§%§%£m%§skggﬁﬁgﬁﬁkgggqgéﬁag§ing pl eur odesi s whet her given over

L4
SEL 1S

5 days or such, for oxycycline a 50% reduction in

i ndi vi dual dose can still achi eve pl eurodesi s when repeated over two weeks.
Whet her t hi s EXPERIMENTAL PROCGEPERES!TQ CONHIRM ELFEGIIVENESS i cant
reduction in side effects is unknown.

The following examples are presented as non-limiting examples of procedures 1o test

the methods and apparatus disclosed in this specification.

20 Example 3

Direct Daily Dosing at Low Levels

These experiments were carried out in order to determine if low doses of sclerosing
agents could result in successful pleurodesis when administered in a repeated fashion. Using
daily doses of silver nitrate or doxycycline in decreasing doses starting at the Iower limit of

25 what has previously been reported to be effective, further decreases in dosing were
administered utilizing single day, 5 day or 14 day regimens. Theoretically utilizing lower

doses on a repeated basis may reduce the frequency and/or severity of side effects.

All experiments were carried out in a rabbit model of pleurodesis which has been
extensively utilized in the field of pleurodesis in many centers around the world. As
30 explained in further detail below, standard pleurodesis is score graded one to 8 and is used for

assessment of the efficacy of pleurodesis, the number one representing a normal pleural space
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Silver Nitrate Methods A total of 20 animals were treated with silver
nitrate at dosing concentrations of 0.05% 30 0.085% 0.425% and 0.85%
Note that reported effective single dose injections of silver nitrate in
thi s model MCMELHRdm 0. 3% to 0.5% A concentration of PO/IBMREE} eport ed
to be ineffective in one publication, but overall data is limted. The
groups Veh. 28k QaRHcRndI &8 BlelRNiymiBEi0d AGkoreIor & hightr Hayually dayderal 14
days of repeatéd injections. A mninmmof 2 aninmals were used for each of
the 10 grasigient vaHe ceesHidsurodegiii mal s were tested at the |owest WO

- 2009/ 060322PCT/ 1B2008/ 003843 dose range (0.05% . See Table 2. The results
wer e conpar echhthikdgepbacebo groups which were given saline injections
“over either I, 5 or 14 days (n=2/group). Al doses were adm nistered after
a dai}y ﬂg@ﬂgf; % arﬁﬁqa%h@er@'&gat&f whihQ1ok SRt d0B8T 00 mehihe sanbmBl & Mmer e

eut hani ze pl eurodesi s was scored according to the standard scoring
tabl e (shobke Axmslsgitiie 18)10 Mg ewuprecsivedipaly haipgpAtt ndsiehd e osi s
was al so. e t it Joli & | biateq R Qe RriQMicHemada table
with exp%r?/%lé)ﬁ@aﬁ r%?ﬁ?%ég | ﬁgﬁe\%eguﬁe@pec}?mnyusi ng&?a s?i I \(/)er nitrate,
whi | e Fiagimas BBhetowesidiese engabl emgtenard/gony reerdvedvepoad WEEIPPDAEEPs scores
for the speci i.f - ' a6 gtn

adm ni std%g &OITCQ |8%%§&§gpg%§fpﬁg§%%@§§%ﬁ?%%ﬁé Flggése(senggf@ ?Eﬁ of wf rﬁe
resultt s giveaseittednjentidiis guereitB®. 1, Asori 14| dags. rdt dapes werki agmingersAaBe 2 daifycessf ul
pl eurodesi.s scores_ (qreater r chi sngdaat

concent r%%l?%ﬁ‘s‘gtotﬁe 8%%{%@1&? ﬁ%%gbglggghﬁ%&eg%%ﬁﬁ%ngﬁegrg%ﬁf or 14S “aagys. I n
addi t i ongordbasuclness thelstaplad rades kwta soes inEigereathi eve at concentrati ons
of 0.085% when the dosage was adm ni stered for 5 days. Excel | ent

pl eur odesi s g{avgr aggﬁcocr e%.of 8/ 8) was achieved with a single day injection
at a _dose of =G A5 Yo consi stent with prior publications. In

cont'fast, a |ower dose.of 0.085%was i neffective,in:aehieyi I odesi s
as a single &8¢ %Proéffgéétt?@% Wﬁﬂ‘e‘ﬂ‘p%rﬁgg%léas 6053}%11‘9&%%@#@%95 éigyugﬁ{ aver age
score 7.4k@)clirdNshildEelrowB ptovis @ tdle Snhibiivmpliye ekfage plevedess schres Group
recei ving 14 days_ of repg,gf\tﬂed i nj ections I§(€\éera(gfe (ﬁg.org tGd 5/ ?} 'reTl?@ trends
cl ear | y BEuEgeEEnt haed £ #i5Fea0SECeRICE Bk sy Y SFPPFEYt Nent B8l hecessary
to achi guRiRl § 8ebVA répfr@ui@EeSirshaveduls pidvided iFigaus, One advantage of such
a dosing reginen may relate to a reduction j.n si&lﬁs eféegctﬁo Si de 2; effects
ass@bi at ed wikhlopigstreprrictetiseiie e HTedPIheins B B9 4t A° <t 853i ng and
danger ousgeic ldpiee g Qui ikl BARriRREN 1hi€ RO reghiiad lred mehiesdetnd . 5t Usihg dalf of
intrapleural tetracycline (Light et al., 1990)., and ,hagwal SO beenfgeported
to be sHtmidse ehhmeficrpasisdyrsict fare ddeetrait iaplegrodesis dgpneh A SRR 0 1988:
Herring ' : hlod .ahn eveh99@r dds@bEodeThorpsaen et al .,
1998; N&%%ﬁ%?édawfn]@g%?ﬁ%%i%%&g{f']'éc}l'y%actﬁgsn, LG0T St erant ot T 2006) and
si |l ver mieffective 2BGEWIRsdplstrodesis whetbar) sivemtovenf eldyalor | Gc@ysanestrbtPEs may
redyce pain (.Shersmn al .. t : j: ik Guhaf) Sedl €
oSt Sraayr S5TP Bl i i) dRlcoB P RS e HALARSS Grdd &tk

over two weeks., Whether this modest daily dose reduction would lead to significant

reduction in side effects is unknown.

Silver Nitrate Methods

A total of 20 animals were treated with silver nitrate at dosing concentrations of 0.05%,
30 0.085%, 0.425% and 0.85%. Note that reported effective single dose injections of silver
nitrate in this model range from 0.3% to 0.5%. A concentration of 0.25% was reported to be
ineffective in one publication, but overall data is limited. The groups were assigned a
treatment period of either a 1 day, 5 days or 14 days of repeated injections. A minimum of 2

animals were used for sach of the 10 groups, and a further 2 animals were tested at the lowest
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Dat a exi sts suggesting that untoward effects of sclerosing agents can be
dose dependent. In an ani mal nodel, increasing doses of TOP beta beyond
what is required for WD 2009/ 060322PCT/ D32008/ 003843 | eur odesi s results
in an incr 589 %%he vol une of pleural fluid formed (E&HHVN@@mgWS 2000) .
As well, animals treated with a higher dose devel oped contralateral pl eur al

fibrosisjas Weklo.85pekd raneal Tidtbhagmrid &m Jﬁk@gem HHRGl RS gﬂm viget City.
I n anot her study, aninmals receiving hi her ose

s of |nt e
m nocycl W Bisen exoeseRBIBarvet Pt ht Btlarays fogy RLJ g‘?sffﬁ *§f¢ 5
model , i Edr&??te%%r Lhahy ARk SAl R Jfghé‘h‘éﬁhﬂﬁﬁﬁ&oﬂf tHeadn@mals were

|ntrapleur gher rates of talc dep05|t|on Inth

" medi ast i ﬂﬂhﬁﬂmp@tﬁil@:@hﬁm‘iﬂﬁl%lws spagest acepilingd i p oD f-’ﬁegc@%ﬁ @Fﬁe (gli“Wfq Brymat ory
reSpoﬁsgfﬁ@%gZIﬂ%ﬁSo@ﬁ@&%%nﬁ&ﬁ&%ﬁn%hﬁ%bﬂkﬁﬁ%&aQQ%@@uQ&ita|C (Montes et al.

2003) es of ARDS follow ng talc adm nistration has been
associ ated by sone to the higher doses used (R naldo et al., 1983; Kennedy
et al., 1994)Resuity|withJibverM@icof silver nitrate in particular, it has been

shown that a concentration of 0.1%resulted in | ess system c response in
terns of whi tRézun 66cpr@‘e¢1¢s a tshiet wid exp&rlm@walawaﬂﬁetftlﬁféiﬁﬁpﬂl saecnagnwmg as a

seruming 1e£zljr§ Jtltgl\z@hl% # %‘Obig%/ %}&bfe&@ﬂm@lﬁzﬁl Qh@av%/ﬂg‘té%&lrcﬁd&@ Ghreset al .

2005 & "on ria enonstrated tha
concent riat ihe rl;pamsemédabedt @l élffateeﬁccmyemtiwérﬁmd depast dsainistietiont Tigare 3 8005)

while S iGaon Ak RSSO ARANIGNEY (DY d Rl Gh 3l SHETA RGFRAUCH

pr evi oust§"* caﬁa% evere pain an ects associated wth

concent reifir@nsA-6t, Bxp:cés@ﬂzﬁ ()Wlﬂadesm scafes, (ge@81 thanoe gqed @) werpogBieved at

Concl usi ons se .ex erlnen

adni ni stPREPBHEF L Oespé% E‘n dFert Sag%twadc?g%gg %%%%nféﬁhger e %tea %%]F%rf)eutl c
when sad et pRtradssifscotes gloge athivee eamnsdnirhionsof 8108 ttwhee thadaseasstang
effective pleunfg Silver nitrate in particular appears to offer the
possi bi |3fpigEre FS@'H%se reductions while maintaining its effect if
adm ni stered over 14 days. Exanple 4 25Coated Catheter Dosing, Rabbit Mdel
Treat ment of Ef@éaﬁbﬁ@leua{d%m @dv@fage edoteedr xf@massatcmeoéd alth enpik day igeeiati ng a

pl eural synphysis_ with a sclerosin e sua |y adnl ere a single
Dol 1 doskdosms st p 25 caovet bW tpuettRs s G RIS F AR o

si | ver '@'dBB%tv@as(lﬁi%c&\%in%@lﬁ@@ﬁ§$eﬁ1@d§shs%|a&1dyleg&bsé®ﬁteef&dmm}ﬁnrra;ﬁdamd) can
|l ead to effective pleurodesis

he qbjective, of d Is.t
dendfst daileoest Pedey (ACBES BRI &35S e\ﬂfltdﬁ e lowestdoss A 8@@%@%%@?&%&@? t hat
el utes %rduﬁvye&@\ﬁﬁ’g 14 days of repeated injections (average score 6.5/8). The trends clearly

suggest that at Jow doses, multiple days of treatment are nccessary to achieve effective

pleurodesis with silver nitrate,

One advantage of such a dosing regimen may relate to a reduction in side effects. Side

05 effects associated with current methods of pleurodesis can be both distressing and dangerous.
Intense pain has been reported after the administration of intrapleural tetracycline (Light et al,,
1990), and has also been reported to be significant with doxycycline {(Heffner et al.,, 1994,
Mansson, 1988; Herrington et al., 1996; Pulsiripunya et al., 1996), tale {Thompson et al.,
1998; Marom et al;, 1999; Brant and Eaton, 2001; Stefani et al, 2006) and silver nitrate

30 (Wied et al., 1981), Intrapleural local anesthetics may reduce pain (Sherman et al., 1988), but

narcotic analgesic agents are almost always required (Elpern et al., 1994).

Data exists suggesting that untoward effects of sclerosing agents can be dose

dependent. In an animal model, increasing doses of TGF beta beyond what is required for
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of silver nitrate continuously over 14 days. WO
2009/ 060322PCT/ 1 B2008/ 003843 The study consisted of an in-vivo
experiment with 3 groups of 6 rabbits in a well-described ani mal nodel for
pl eural dise@swsvepk@ st udy consi sted of placenent of aPSESNIBWaYBdE4Eat het er
in the pleural space and a placebo / uncoated catheter in controls. The
contral at er al l f [ . doli 11 controls.
OR300 CRE
Sthe. an ML shuE i SORGE 1 pe IR BB R Pl (B0 AR0RO AT
under geretlaknimnale stehied iwadth dThighaatobe tierkpwe caxteiddidrplenmgo@iresds acwall 68l with
24 ng SN, or coated w.th 50 SN.and pl.aced.jn._t LiqQht_ .ol . -space.
ne ani mRFPH hnélea%lﬁmrlr%n au “’Sgg‘é isa"o’t%gltc t@%%%ﬁe#é mtlchd(gé%ssttd ua%y%m%%g%%gétlﬂi ers
Wer e aspinigatatbsaail Ingraplouralldindepeiing mdrezoasy modaljty Plighreakl.,f1004)d In asichilaer e

removed on .day 15 and cro erfornmed, on 29, Fffj | eur odesi s
was a seg‘é’g%’ .XLGV as B@Wé‘ t@g @ngig%%l’éegflﬁnﬁ &@a o%es %%%h@%?%?ﬁ%%&%?%ﬁeér@g%er t han
50% hem bhatadepositiint ih tike magreedidstigum afegicartifnanandrliverualaddidoh thosysieder ed

significant (Figure 5). Experinental . Proc re. Pleural et er Pl acenent
> Rabbi t Sflamato fes%‘ﬁ?ﬁe B SRR &kﬁﬁF’Tewﬁgﬁ‘b&t@% AR gq%‘i B @’E. et &'0 kg
wer e uti bimedslinNal cas sfel BDvEs R whataRhdimnistatibrhzeheen poscinted by spat lrogens.
Ani mal s were cared for _as. per st d 15oper at,} rocedur es.

Ani mal s HEERE, S?fd’ﬁ‘?dre(ﬁﬂ?‘abcﬁﬁ%éf’dggg%nﬁ%ﬁfﬁg%kgb%@gpfe- operatively and
anest hesia was induced with an inhal ati onal agent. Ani mal s were
clipped and preppede of Biever nghte lnapeti@liar A RaPbednahben thhestonsa@ikti@ne® back
required clipping . and, after the I nduction of apesthesia, the aninmgl was

* pl aced Yo i J0% FEYEHIS T HERITHP L HLSpYIsY D 05(.5 el ot oL 8 and

prep progedysigia SHRRl SERhah iR EIRA-IVRE VIR RI-8E eked: BY 0FBSHose Marchi
pol yet hyl ene tube (described below) was inserted into the right pleural

space asetfab] 39k In alditicans Srppn Frjﬁl:h?%"’l dSHopEE eIBE a1 caPSEEISB| VS t he

lateral gl Gl.t]%%ené @dnBAIRS &k o1.0200% Wislet @R Aend hite HaRdabinddRe@gXi Ml to
the costal margin. The subcutaneous fascia was grasped with forceps and cut

wi t his sdinisisop sevehddopdys arayiosiyrheomse peysrerg paip| st sics SBeE EFvRaRAL Mised to
enter t G, Wi RSB 1. veds ved {spseeps thereby avoiding injury
to the &%&%&ﬁﬁoﬁgofﬁﬁgﬁ%g g est t'dbe was athenj:gently advanced anteriorly
t hrough the opened forceps to a distance of 5-6 cm The tube was aspirated
w th a syringecé¢lmignsder to confirm patency and resorb any air which may
have entered the pleural cavity during catheter insertion. As well, the
proxi mal end Thésetelgermahizetiegesiviist tepeata] althinistghdion 30 stlbrosigk iegentsoattdagesback of
t he .ani nal .and, sutured. .to.preyen 1 grati.on. i y.maki ng a
0.5 Bim RriT e BTt P B i D R e T by
passage efkctive piird26H9/ DEEBAZPETAB2OIOA LOGPS4S osdtfeaitte foevitiBfysofdubedisaneousl y
in a caudal .direction and the ral. .to.the.si,te of catheter insertion.
The pr oﬁ‘ﬁ‘ﬁ’i‘or’éﬁ’ %SFMFJFFB“} %H%efaﬁi%tﬁﬁl@wﬂ?‘}%"&f Bié%swm the forceps to exit
at the small neck incision. A needleless |V adapter was attached to the
proxi malgeneiof the tubing and the tube was once again aspirated to ensure
pat ency "and absence of a pneunpt horax. A

25 Coated Catheter Dosing, Rabbit Model

Treatment of pleural effusions often consists of attempts at creating a pleural
symphysis with a sclerosing agent, usually administered as a single bolus dose. As
demonstrated above, low dose repeated administration of silver nitrate (SN) (as compared to
single high dose administration) can lead to effective pleurodesis. The objective of this study

30 is to demonstrate effective pleurodesis with a sustained release catheter that elutes a low dose

of silver nitrate continuously over 14 days.
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5 suture was applied to the neck incision and wapped around the needl e
less IV port to keep it in position. The chest wall, fascia and skin at the
insertion site was closed, each with two to three 2.0 silk sutures.

The ani mal ¥OMP¥PELurned to the isolation area once rBEBVEFFMEF occurred.
Anal gesia with duprenorphine 0.02-0.05 ng/kg sc g8-12h was provi ded as
needed dur| ngn&eh&u%p o BLUEY 0P & ithvb o SURUANG AN GBI SHEILAS i orRX 8,

teeth grinding, ing surgical site or agitation was obseryed. t het er
Conf i gur d¢scolred ammal nedelifer Mewsahscesec dhe stadic agisted oRPtedr@art ft‘ﬁlgcﬁ%a e

pol yet hyl ene t8fe Bnikdatt@) . The
catheter® c;%?)arlgtgh %‘&%%g? ﬂgh%{}%;rcg}go ﬁu&?gt'tg&amatﬂé{%:ﬁhtcgh%@dgl ver a dose of
SN previ phamiayspdmfermch@dnmkﬁeh@éés aditiopfleetiale pl eurodesis over a 14 day
period (24 ng over 14 days). The study was repeated with a hi gher dose
cathefer (50 fp Qfhs Qf&lé@?%ﬂﬂ&@éﬁﬁ‘ﬁ?bi} a sidlftbdrb QabledpLARAE Widdeghakies were

i ncorporated just proxim he coating to facilitate drai n%ﬁ%g The

cat het er anevbesse sTlr@rqathr:tzwvebsfel&ehWCéﬁéd Gﬁﬁtﬁéwﬁhg“ SRS Y T¢eal ed
and ster i fd 4d: a6kttt e

20st eri Iéelllg?:cé1 ? e-ﬁéﬁt s%lﬁe]%ﬁn t%gg??ﬁnlghgﬁhé%%%?d Clini cigtvle Care and
Moni t or i sngly. The cathﬁalets ‘mw mrgted/éﬁléy fadédaysop Ta@o‘ﬁe@w% led dFuer 3peEES ng
procedures n| f Lag basi s.
et welt gy e Pird 458 BePns REaitylofpn QRIS Somitlof gRundeRs nis €800
clinical b)cﬁ)s-érsma'b i bnemab &- mtmﬁlsmphﬁmaﬁ@tth@n@%bemﬁ@r%t@ﬁh f &S

staff were rformed, prd or .o at days 1, 8, 15, 22 and 29.
Fluid vva%ﬂﬂﬂéggli’arnaqrg%fw% E)ogngof]ﬁdefe#&%%?ﬁggtﬁggg on a daily basis and the

vol une of fluid vvlthdr awn docurrent ed. The pI eural catheter was maintained
for 14 days. NDROEHD POGERPS PRITUr il OIS mept ERebEtasi a & Necropsy

- Animal s were euthanlzed on day 29 of the study with the injection of 3 nL
Eut hanyi rm (ReptbeRAEDIL Al wRAD D0 ghiRE 1 BVBNDURL Wwdrdbiblideae Mﬁﬁﬁhﬂm ear
vein. Aninmals dying or requiring euthanasia prl or to dafy 29 under

necr opsyvex anisedtd onninEZErREpeoT BxPakageRse VBT BEed Phas PRy was
entered wt attached to a syringe filed with 50 mM of 10%
fornlasl Operaprﬁ%ggﬁg{eg buffered saline which was injected in the trachea to
inflate the lungs. After the inflation, the trachea was ligated with nyl on
suture ties anthdlhescemed deprédvophene %Qbﬁ@ﬁg@ﬁkg C arctQRsaAtizely AN fnediesiéi on f or
at least 48 h h pleural .cavity was then exposed by making bil ateral

i nci si OH?SEWBTEIQ‘?‘P%[%“%[{%BH?% B and through all 10 the ribs at the

m dcl avicular line. In this manner, the sternum and the nedi al aieortl ons of
the anterior Aﬂnﬁﬁsw&éeh;ﬁ;ﬁﬂﬁﬂ@pfﬁpﬁd trhaﬁgmthaeﬂamg pasteriqpl cheat alall ead/backes coul d
be eval uated, The ce._or, enc henot ho in the
pl eur al reFd pr}%ﬁ Cfﬁgerpg’gllf“?% e thﬁ%%h %%ta?%{&ﬁ]g\faﬁ%té%ccﬂ ngrltl}%?rlg wer e
rec @bde@ater%@éc@iﬁﬁ@ Rlo§iti6X dibdt thoserah ahd @replpemnealhre Wagpieereht nekea s gr aded

accordi re]x mfn?ste?gd by %%gll{’lt AS gc?lg'eethyglgn%emge %’J scnbeﬂ b%:l%e G\lnlfass C%nsl?:%gd IIIC? 'tﬁ%exlléh"il

pleural space as follows. A 1 cm skin incision was made with a scalpel over the lateral right

chest § cm lateral to the vertebral line and 2 cm proximal to the costal margin. The
subcutaneous fascia was grasped with forceps and cut with a scissor creating 2 0.5 cm
25  opening. Blunt dissection was used to enter the pleural space with a small curved forceps
thereby avoiding injury to the underlying lung. The chest tube was then gently advanced
anteriorly through the opened forceps to a distance of 5-6 cm. The tube was aspirated with a
syringe in order to confirm patency and resorb any air which may have entered the pleural
cavity during catheter insertion. As well, the proximal end of the catheter was tunneled under
30 the skin to the back of the animal and sutured to prevent migration. This was performed by

making a 0.5 cm skin incision at the base of the neck in the midline, followed by passage of a
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15 Devin, et at Transform ng G owh Factorbeta 1 |Induces Pl eurodesis
Significantly Faster than Talc, 163 Am J. OF RESPI RATORY AND CRI TI CAL CARE
640 (2001), incorporated herein by reference). Sanpl es for

hi st opat hoWegPwart3assessnent were taken from pleura, |UnyBAHE "W &phr agm
bilaterally. Pathol ogy 20Sanpl es obtai ned at necropsy were fixed as per the

standar d tl%ﬁufglrc%h %E&tgx{e%gslﬂcr o malidu fatraiohoRdphet egahl toHReBio XY lcithetand eosi n
(2-1 E3 sto stains were applied to_ the hl‘w%}éo%lc section

 The pI eunsdrtidni BFhegireximalsengrod deedtubs Waothen prfjed Raghmyigdag Toreeps tonﬁxi“oFt?*?)

moder at & n(a%) clg{ncgﬁ)\ﬂe rﬁ?néeﬂ)eiesszﬁ/sg ?Jie? ta @tltacﬁé@ioytﬁé frodimdDafdofnatypiigs: Mean

val ues for euro esi s scores and [ab val ues were cal cul ated.  Descri ptive
terns wemd tmatebe ey oprataneh oyt to ugespaenc andspbiencedf POCERREART s6n of t he

mean pl e%?%ﬁ,gs éptpﬁgﬂo%?& %%I&J%dtv&&ﬁ;eﬁ%%ma% 1ROME 13 rOpOURSkespie

conpar eaSu groups of 6 aninmals allows t
2009/ 0603 22RGH. [TB2 0S8t wammzm@ﬂé&mlaéﬁledﬂseatl% fifegyas feased; ﬁa%q‘éél&m’f?e@l s score

from2 t oints difference, with a SD of 2) with an al pha of
0. 05 ancfgrt?%ggﬁlgaﬁrgg Et hi cs The study was approved by the Aninal

Care Conmittee at the University of Cal 5AI | precautions were taken to
ensure that tThe dofvdstvgatisimedoitplly &p %e’-ﬁ?al Vel tr?FoYff’l’él? g8fHTFSns for

et hi cal %,{a%%&l%% dﬂf,reﬁ&gfﬁﬁé 8.0b 0. BXRSkE SEMH- Bh #eSHaviak asRRedtdtdaring the

Results a test con ucte in accordance with the procedure expl ai ned

above i ity pepdd iflevideacepelondin suth 56 |3805eKig, ’PP@Lﬁfél &e W?é‘?@g pEgispk gle or

dem)nstra t hat @geﬁggod%' s was 10 successfully achieved in each ani nal
h

that was® ]t e%tweatsjovm a silver nitrate coated catheter, which sustainably

rel eased 50 ng of silver nitrate over a 14 day period in vivo (score

great er thanCatheterfienfigpeatiad . |n the group in which the catheter sustainably
rel eased 24 ng of silver nitrate over a 14 day period, 4 of the 6 aninals

achi eved sucegastulfl SHIQUES] SomFhENER ehade! Rl RNESud ahlee dometdie
aver age pl eurodesi's scores achi eve or "t he 'vari ous dosage | evel s.
1.58 mm, outer diameter 3.18 mm). The catheter coating was applied over the distal 3 cm to
15 deliver a dose of SN previously determined to lead to effective pleurodesis over a 14 day
period (24 mg over 14 days). The study was repeated with a higher dose catheter (50 mg over
14 days) as well. Additional drainage side holes were incorporated just proximal to the
coating to facilitate drainage. The catheters were sterilized by ethylene oxide gas and

packaged in a sealed and sterile package. The proximal end of the tubes was fitted with a

20 sterile access/valve system at the time of placement.

Clinical Care and Monitoring

All animals were cared for as per standard operating procedures. Animals were

assessed for general well being on a daily basis, Their weight was measured on day 1, 8, 15,

22 and 29 of study. Daily clinical observations and clinical examinations by the veterinarian

25 staff were performed prior to treatment, and at days 1, 8, 15, 22 and 29. Fluid was aspirated

from the pleural catheter on a daily basis and the volume of fluid withdrawn documented. The

sleural catheter was maintained for 14 days.
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15Figure 8 is a photograph denonstrating the gross pathol ogy of an ani nmal

specimen with an unftised pleural space used as a contralateral control. In

Figure 8, a lung 500 is visible next to a chest wall 510 and a di aphragm

530. As shoreopsEyure 8, pleural space 520 (between PUHP?HHO™Ef

di aphragm 530) is not fused and does not show adhesions. In this exanple,

no cat heter Q?&Q&il\?&%}a&\?d and no sclerosing fagent has been introduced.

20Consequent Iy, thie pfeurar space is visible inits "normal" condition.

Figure 9A is a photograph denonstrating the gr oswﬁ%at hol og of an ani nmal

speci men wi t hAsmblaseere plughanized gpadey. 2Asfsthewriudsh emsaA org 05 s % ned

. rel ease heer. 5 el ?oﬂl SPACRISUARRINDI Ng a
| ung GOOE}% (peﬂ%%a%atgl gﬁgﬁlg/@ lgfrﬁggﬁlgiygﬁld a Ea%%lnr?agm 6%0 according to

the pr oceﬁingc&reigamrgduéﬂnabaqxr@rtoaiayES%an@lr‘eemneﬂrrﬂPW%mmﬁﬂm cular 25

speci nmen, cat het er 540 was coated with silver nitrate and delivered a dose

of ap r oxi mat over QMR A Redil 9YcBedba Pl eural

space§)620 has gkéorgaxm RN llﬁec??{(\ﬁ/gg% Egﬁﬁso?ﬁgl%g acﬁll e\?ed cht?’] ﬁle

sust ai negringd £l mtﬁfsosnll ofelof’/d‘rfot'm:aman fohophoabhitred s8ie WhPlheiﬁﬁSame@?fb@e 620

exhi bits_diffuse pl euro f BY tﬁrfused

and adhellf Acts? tc’t‘ﬁgatﬁlﬂé IA% E’g Hfﬁ redé'tes%%"(%1 ?&g'rggg%tgdégv?%g&@ Shitre

cat het eri&40d the Wird Mﬁﬁ@%@&:&l d m&@ﬁm&omﬁm for at least4Sgu E@c}g@ural

denonstrat es th t the histol ogical |br05| r
si gni fi caity Vasrf ghEwoss Btby%l béﬂrte 3{5 n@’lﬁ‘roﬁf éﬁ fi‘(% %glaaéﬁ%%x%ﬁ\?}lng a
coat g c@at hed arhd AfciBicalar 5. M higsaceApk aekntlm atnklehmmedlaltlwmmpﬁéleer S

- (p<0.05) as well as vvhen rrp re o th ontral ateral .(lLe r.ol
pI eur al XpHeRtPHWER 1§ Ve i g%”ﬁéﬁ?i? Vﬁl%t %ébﬁcefé'{iﬂl@st%gﬁhgn 5( Must

stain) Ofeskitar aRdn& meﬁim}aﬁ@@@m@mma Eraﬂjquewaﬂtcﬁww)vmdfmbpmmm dfgr ade 4)
and resul ti ncg in pleural synphysis in 532 ani mal treated §o ng coat ed

cat het erthe PrdpssnemEn eashragdiabal e fwpried YOS CEME S NBHE" ot e

obj ect \épgﬁ&fmeh%§ @ edcsaih® (SRR At e el auiury &; @éeem@odasrrsxmah a
sustain 10r el ease catheter that elutes a | ow gyse of silyver },trate

consiSst @viny eovleTranforaie Crovd: Fargdesng deducaolisr oesih SETHERE T Bfbcedur e
Pl eural (athet aks Rﬁ?eﬁﬁﬁspm%ﬁeﬁm crimicar. Ghe SUdy16,aRsiskac Rieian

i n-vivo ‘experi nent grou our sheep consi sting. of I aCﬁglent of a SN
coat ed datrhfeteasa. |Sﬁm(pl¢e foq gﬁifpp@élllféwl%ﬂ agpHwEent W@‘i?rtalf,‘-’é‘nff%lp 820 nder went
diaphragm bilaterally.
Pathology
20 Samples obtained at necropsy were fixed as per the standard neutral buffered formalin

fixation protocol. Hematoxylin and eosin (H & E) and Musto stains were applied to the

histologic sections.

The pleural fibrosis was graded as none (0), equivocal (1), mild (2), moderate (3), or

severe (4).

25 Statistical Analvsis

a. Data analysis: Mean values for pleurodesis scores and lab values were calculated.

Descriptive terms were used for pathological analysis.
b. Statistics: Comparison of the mean pleurodesis score between the treatment and

control groups were compared with a t-test. Using groups of 6 animals allows the
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15chest tube placenent w thout the drug eluting coating. The contral ateral
pl eural space for each ani mal served as additional controls. Dai |l y
nonitoring of vital signs, including weight, was perfoi ned. The ani mals
wer e eut hawiczegversztday 29 and necropsy perfoi nmed, incl MOt Escopic
~exam nation of the pleura, lung. Athird group of four animls underwent

pl acenment of coat ed cat hete i 9 r i réhSe, MHi@Ur odesi s
score was gr Ee?mvﬁﬁﬁl r%FePﬂg@%ﬁg?ﬁgﬁgé%ﬁ%qﬁ@§?§d$4hﬁmggﬁ% wel' | descri bed
ani mal nodel £V ofifl)evithah athhs ef& 85 amithepl dii®odesi s usi ng yearling sheep
(Suffol k) weighing 25-30 kg was used. (Lee, et al., 2002; Lee et al.,

2000). A tot of 12 animals were required to conplete the study. A

ani mal s were ed to minimze exposure to pathogens. Animals were cared
for as per standard operating procedures. 25Ani mals were bathed and
sheared. CGenemaktuanesi fpsiad bashd Admebdary Camimitied atthovinivamey ef Fdgmif-er ence

. of the chest wall and back was clipped and,..after L | 0
anesthesh, PrEcR@ORH 1T ’éé%c?nf‘ﬁettﬁag tﬁ%fngvefu@ﬁaé)rr sgllco%g@u%tﬁg%gh%g@fht ithgn prior
to the S&%Maioﬁ@d)r@fﬂqﬁtﬁltﬁfaﬁ@@ﬁuf@imﬁupﬁxpﬂmﬁmﬂ rexyrgen was admi ni stered by

mask. A sterile pleural catheter designed from nedical grade silicone

tubing wwth an additional side hole was inserted into the right pleural WO

2009/ 060322P&E82008/ 003843 space as follows. A 3 cmskin incision was

made with a scal pel over the lateral right chest 15- 20 cmlateral to the

vertebral |ipgqdd fbfa Wsh chither€ @shabslabatien ththeosdbeudxahesdsbéasti a was
grasped with forceps and cut._ with a scissor creati ng

0, L ng.
Bl unt  difsewele e meRyiqsd brloPhid B8 ént et 15| dEBPRT g%%teasm&? SESry

a curved

bl unf, f %ﬁgc%&%]\ﬂysacﬁ@@édeﬁ%a@ﬁ’ QhitaNehat Rabl firkatbDwither siNELhitytengatedngthet®ihe t ubi ng
was then gently advanced anteriorly through tﬁfg open(gd f_oréeqps to, a
di st ancevinth sugiainsly raleayadeS G mp et GilST BERe OTdd AT RHOL P THRECY T &FHEr to

confirmgpate r Y ¥nfchWhd Slindi@Yu M€ Rieker24 g oflsitwee al
cavity uarrﬁgﬁg(q\éc{%tqﬂe'e@%ﬂ%%e@?i%n. CI n addi ti olrll, the?p [ end of_the

roxi mal
cat het emivas oteunndl dagdetindiet of the Gskiimals achisred |sagaessiy Fg‘?ur? gsabigE 7 and
sutured fo prevent pgratl |eSis YRS esPER ERETBLD YaritRk iBQ g@letele M ski n
i nci si oﬁﬁlgfrgtﬁaegﬂg\?ghg3?&%%311(\%%%@raI eSbodli es in the mdline, followed by
passage of a strait forceps subcutaneously in a posterior direction and
t hensl at er al Figoretthis spltcrogriphcdantnasieating e gossoPrtholpgy p HXEHER PEATE! t he

tube was .then pul l.ed back with f [ k1€ Dagk dopGgksion. A
need| e- |"8&s) Vﬁﬁsﬁgé’%ﬁﬁ %Ceal%sf}%% gcfoﬁ%ﬁ%[ﬁ@ %)ér?)gg?(ngrf %egr% of thlg t ubi ng and
t he tubeisiblEnenees agai walaspd mat ediaplragn$30.e Apahemeyn Higtreah PEee SHFEe a

pneunot horax. A sut | i to LOCLS) : ¢ around
t he needP®(fepesgn F‘\‘}ggéﬁ?fmﬁ%aﬁﬁ&“ ?fg)ii%mtﬁgg F?%?&ée%@%&ﬁﬂg%ﬁ ?{Bi‘ﬁggci a and
skin at gfhigoib,NSLChth@Br Shd GediBetddoandl noesttosg hg@it thas Pegn Onis¢dereds ut ur es.
The aninmals were returned to t.hig%r. housi ng..ar ea.once recovery has occurred.
AnalfesiCanssaegmiBups BAERPRRGTES HSOL B 920Ny K GEC"G6- 8h was provi ded as
needed during the study period if 20evi dence of pain such as anorexia,
teeth grindi pigure Pualk di phgtogthiplidembnssiatieg G gargh pathology whsn promelgspecimen

with a fused pleural space. As shown in Figure 9A, a sustained release catheter 540 has been
inserted into a pleural space surrounding a lung 600 that is next to a chest wall 610 and a
diaphragm 630 according to the procedure described above for Example 4. In this particular
25  specimen, catheter 540 was coated with silver nitrate and delivered a dose of approximately
50 mg over a 14 day period. As shown in Figure 94, pleural space 620 has been fused and
effective pleurodesis achieved with the sustained release of silver nitrate from catheter 540.
Pleural space 620 exhibits diffuse pleurodesis with a majority of the pleural layers fused, and

adhesion of the pleural layers in areas that are located away from catheter 540.
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Cat heter Configuratio Cat heters were constructed from nedi cal grade
silicone tubing of 4.88 mmouter dianeter (surface area 1.533 cnR2 per cm of
~tubing). The catheter coating was applied over 25 the distal 13 cmin such
a way to deldwerostfaz dose of SN over a 14 day period. HEETRISPLIHES si | ver
“nitrate has been extrapol ated from previous experinents in a rabbit nodel.
Wiile there are no. studies wt i ngl e i o nitratesr t in
sheep, ot her g‘é}'ﬁr%@e TR Ehazp%gaglsggﬁg%lseéb (gsgzst %‘Belreag@‘éogdea%ﬁ S?%] lar to
t hose usggni6tdnfly Gahbiytor Actriphapledrdl ghase idasmabs retsi0og arrgated cathtgre?4 ma r at e

was used for the first 4 treate ni,nal s WVEen e C 'nyp%fga n
addi t i on8 SBBELFRFPHRES ¢ &P&%Pg%‘taca*ah%?%sd@éggy)d%s‘!é&g?S ‘%‘%‘ (t'r%g e ’.thea
2009/ 060322RGEH] B2R0BhHAIBAB! space (p ADOSIdHigtieiRateppeaitsvalfetosigtiel #81& was

i ncorporated jus roxima] to the coating t.o facil. r al.nage. . khe

cat he{) er 1y éta‘%‘% é’g iIP‘?gzé‘Ef, BM ﬁ?‘rfcgncg O%gﬁatém%a‘% eﬁsﬁ‘éé gi%&?%g@éﬁl%n%aan-sﬁeal ed
and st er jeharinaekranl syhieyas Dxinnaing ndaef witae B0 tngbeatwdsatlidter. Wi th a sterile
access/val ve systemat the tinme of placenent. 5C inical Care and Mbnitoring
Al'l aninals re cared for as sheep husbandry standard operating

procedure¥ s mal s were assessed for general well being on a daily basis.
Wei ghts were neasured on day 1, 8, 15, 22 and 29 of study Daily clinical
obser vat i ons G@agd ChihpiecRdsi { s by the veterinarian staff were
performed prior to treatnment, and at days 1, 8, 15, 22 and 29. Fluid was

10 aspirated ’Ifh'é%g}egtlﬁ% R BT Blay Gatd 8LREnsRRe RFEOGM | pRurdRSiks Sviangl sédagnedol ume of
fluid w t hdrawn docunent ed. T%e pl eural catheters were maintaj neld for a

M ni rum rekeastAathaips thaneluigneilpw fdogs of WivehaiFaifFOBBRERY 165 4 PRS0 HE/ sheep
per day for ,2 gglnsecuti ve days. Euthanasia & Necropsy Aninals were

eut hani zaéian%ﬁ“o ay 29 of the study with Euthanyl-Forte (pentobarbital 15
540 ng/ nm, 1@xm dyye: Pivturad ptesPlgcemeny 3§e0 j ugul ar vein while
manual |y restrained. At the time of autopsy, the thorax was opened

ventral ly and.the pl eural Vi.li¢ P Q86QR1 C
pl eur odesi s %Q% Sté%gg@%r’sgggedaogﬁagrlaivﬁé %@Bﬁﬁgﬁén %ﬁﬁ?gggﬁﬁ%@pé@ gl%le?nl%s hown in
Fi gure SiacSasmloes SNfcoabd astreadrs jal theright phtuapipeag ricanchrinehgninel anddst &t ned

bilaterally and placed .in 10% formal.in in_ ph red; sakl ng.

20St 1t i @F%é‘l‘%eﬁ%%ﬁ?@s‘wgpﬁégﬁ J&ﬁ%%ﬁ?‘% ¢ oﬁ%gn%\?}lgpﬁgﬂgﬁf g]leeur %%esi S scores
and | ab & 4@8a1weRel Salaiibad eshirols. b. Statistics: Conparison of the mean
pl eurodesis score for a given agent at a particular dose was conpared to

t he appropriate control with a t-test, Usi rou of i.iml %L)Iowed
the detecti oRaBf MeURTE e FHElsEH> H‘ICE‘L‘}F‘@%%@E’ ‘g%go‘?egﬁ)fr?%dmdrfg%h {r%alsgw i.e., 4.5
poi nts qj, %ﬁ&&lﬂ&?day\w Bn@ BBerSfs3nstafotn e VicRidimnmatosdypinickimiantiad phticof 0. 05

0.8

and beta o . ,
pleura, lung. A third group of four animals underwent placement of a coated catheter with a

90 25% decrease in dose as pleurodesis score was greater than 5 at the initial dose tested.

A well described animal model for pleural disease and pleurodesis using yearling
sheep (Suffolk) weighing 25-30 kg was used. (Lee, ef al, 2002; Lee et al., 2000). A total of
12 animals were required to complete the stody. All animals were housed to minimize

exposure to pathogens. Animals were cared for as per standard operating procedures.

25 Animals were bathed and sheared. General anesthesia was induced via inhalation. The
circumference of the chest wall and back was clipped and, after the induction of anesthesia,
the animal placed in the left lateral decubitus position prior to the scrub and prep procedure.
Supplemental oxygen was administered by mask. A sterile pleural catheter designed from

medical grade silicone tubing with an additional side hole was inserted into the right pleural
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Resul ts Mean pl eurodesis scores on the treated (right) side were
1.0, 6.67 and 7.33 for the uncoated, 750 ng and 1 g groups, respectively (p
= 0.001 vs. uncoated for each SN group). In WO
2009/ 1160392P0®/0s@2008/ 1103843 the 1 g group, all 3 aPFHH2ESIRHFMed many
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animal in the study. Denonstration of Sustained Rel ease Properties
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of silver 10 nitrate fromcatheters fhat re.co |t i itrate
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of a dr F?lt&i@ﬂ?‘ts}@o abaed foelcpane daaddeng 1041 che The adamed agiieted withn vi vo
or invitro. (Spador, et_at, 1974; Schaeffer,.et at,, 1 : i al .,
1988; GroREEES Nerdgo cqrgiga. PapR ey andgesy fmyﬁb%')h?&lﬁ&g I%:agt%%%féigrs BE LIi n the
in vitrosdermpskahbenndgidod described bel ow were equivalent to the
catheters utilized in the in vivo 15experinments descri bed above. _ The

standard in vivo nethod of ne i d Ki net i i ntrod
(general |y byn @ﬁdétionaﬂ’rﬁpﬁ‘??%m?lﬁ?ﬁ3%%hg?%thg%?%%%§?‘gﬁaWIEQ%EQ%%%?& %gb%ﬁ%g 3¥3tgem

in the Cd'frt%uén%ﬁf aﬁd SYSHBM ki rIBLAGH T 988 8ERirinyd 69 REkibgretch BeinmDst

- precise and provides an accurate portrayal of how the nedication_ is

di f f usedndisiont hteths yevel i theioiweishspl, bodigs ihdiq pishippeipliowtd BopisstEe Wi@lase,
system G of sls%cru?a\(x%w ifh p@géﬁﬁgﬁéﬁi@n'aﬁd et 14h8 §leRisliesk dagRtt Inserion.t hi s
net hod 'S HOt Fel evant. The Iin vitro nmethod is a nore basic,  but
accept ed hagtrhvoctabéndrehtartibyweh den atulled bagk with jths forqae @ éﬁﬁlaé%i“’sb?"ht roduced

0 2 SOAL UL g B ot Loy oty degec]ut o,
t hen 525@atcagant wplirftedoin ehbize poticywih gbseaesanliagmeuraotiapx.-\ie fUtere Wep applied
to the back incision and wrapped around the needle less IV port to keep it in position. The
chest wall, fascia and skin at the insertion site were closed, each with 2 to 3 2.0 silk sutures.
The animals were returned to their housing area once recovery has occurred. Analgesia with
buprenorphine 0.01-0.02 mg/kg sc g6-8h was provided as needed during the study period if

20 evidence of pain such as anorexia, teeth grinding, guarding surgical site or agitation was

noted.

Catheter Configuration

Catheters were constructed from medical grade silicone tubing of 4.88 mm outer

diameter (surface area 1.533 cm” per cm of tubing). The catheter coating was applied over

25 the distal 13 cm in such a way to deliver the dose of SN over a 14 day period. The dose of
silver nitrate has been extrapolated from previous experiments in a rabbit model. While there

are o studies with single dose silver nitrate reported in sheep, other pleurodesis agents appear

to he effective at doses similar to those used clinically. A total 14 day dose of 1,000 mg of

silver nitrate was used for the first 4 treated animals. Given its effectiveness, an additional

3G - group was treated at a reduced dose of 750 mg.
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VWhere : nsN = anount of silver nitrate (SN) rel eased fromthe sanple at a
certain time (ng); CsN = concentration of silver nitrate (SN) in the
extracted sanple (ng/m); 30V, = volunme of elutent recircul ated through the
syst em (m wo Mposexenl ume of the extracted sanple, i, (REYIB20G/EN3IB43

- 2009/ 060322PCT/ 1132008/ 003843 C, = concentration of silver nitrate (SN) in
the extracted sanpl.e, i, . /rap., Measure Pr oc | ; m of
distilled wated a@@tﬁm&l W&%Qﬁggg‘%ef Wit fnéx()j‘%ﬁl%{ rdoiéle !ﬁ‘gl : ver” éhgaﬁoggngcgfhet ers
5 were pkagede Hﬂirﬁ?&oﬂlieadaﬂﬁfersaﬁekemaﬁiﬁiemb?;detﬂl]ybm oikighteas Tk paskegedninvias hel d
at a tenperature of 37C and set .at an i tation o : |1 owi n
the firstealsdard storilgpackase JigPrEead Pg%%’bg%}’ eb‘f/asp%tp\%?}t ge?tg}élﬁc? C?eﬁg%aé‘g;egt ely °
repl acedgetht heMimeaff pr@éREnt(or solvent). For in vitro testing, distilled
water was used to test the elution rate of the hydrogel/silver coated

cat heters because_ physiologic.|liquids produce a 10 precipitation of free
~silve? and aI@M@é@&éﬂ%Méﬁﬁm% surface of the catheter a |ayer of protein
that can nodify the kinetics. In an in vivo setting, the protein/silver
conpl ex is degonpesed wdd@asl | f€ras Nhbépahifisbasdrl oumdaidn opdraingdpecwhias. f or m

and the kinetics are undi sturbed, The concentr.atjon of AgNO3 |
sol ut i onApiisies ersessedaier gReH! FRikRePDIhE d%l}’rg?%ﬁg?@té Wgﬁe%ner?%]frﬁ%?fss&%( 1)

El ect rocgeéﬁﬁabz 4180 AP\rBtBAL, (ARAHSLSHLeR fg Noldhavetindtiohs bnthe( 2) 15
At omi ¢ alisdrption: the AAS net hod ﬁAtom cm@tstor pt.i gn 5595“(1;\%8%@‘2%%'5 Rel ease
Ki net i csvagfringidmstatt wengerorasd Poen/0retifiahie ey & 13> 22 anixyy- e of the
ki net Csasﬁ{ra g EE#%Q D10l Shin¥ef oftlal legliGr bds@Mra faelvliin! Sfaded cathideter coat ed
with'the y&roge /sitfver coating is presented jn Fi gy@g 12. ‘f‘sl}“z own i n t he
figure, ddvementolirifhepheusil lcqtheter Meraran@ingt & *RGHYR fayeept v ined
fairly constant j for 2 Agivehewn in Figure 13,

- sterili z‘gﬁ%anwnv&e?%ﬁé%egsytﬁ%ngﬁ%g%%gﬁ%éfgg)ﬁgg é;gr(l:sreeasve ?bm anmount of silver

nitrate on the catheters, nor did it nodify the rel ease kinetics. Rel ease
Ki netics of $uthasdsial ONgcfo Silicone Catheters

Animals were euthanized on day 29 of the study with Euthanyl-Forte (pentobarbital
15 540 mg/mL, 10 ml per 50 kg) intravenously into the jugular vein while manually restrained.
At the time of autopsy, the thorax was opened ventrally and the pleural cavities exposed. The
degree of macroscopic pleurodesis was assessed according to the & point scoring system
shown in Figure 5. Samples of visceral pleura, diaphragm and lung were obtained bilaterally

and placed in 10% formalin in phosphate buffered saline.

20 Statistical Analysis

a. Data analysis: Mean values for pleurodesis scores and lab values were calculated.

b.Statistics: Comparison of the mean pleurodesis score for a given agent at a particular
dose was compared to the appropriate control with a f-test. Using groups of 4 animals allowed
the detection of a difference in pleurodesis score from 1.5 to 6 (i.e., 4.5 points difference, with

25 4 standard deviation of 3) with an alpha of 0.05 and beta of 0.8.

Results
Mean pleurodesis scores on the treated (right) side were 1.0, 6.67 and 7.33 for the

uncoated, 750 mg and 1 g groups, respectively (p = 0.001 vs. uncoated for each SN group). In

29



In addition to the polyurethane catheters described above, silicone
catheters with an 25 external dianmeter of 4 88 mm (external surface area of
1.533 cn2 per cmof tubing) were also used. The silicone catheters were
coated oveWwoaMedmgeth of 13 cm Two different doses of I’C%'i"ﬁé‘foglf"?g‘{ re
prepared, Si5A and Si5B. Si5A provides a constant elution of approximately

© 250 ng silvyer nitr : i Oind @yri i
whi ch Fi gt} & A4 Pl R %&%ﬁ‘”ﬁ%%@tﬁfgﬁ’%ﬁ?ﬁﬁﬁgé‘gﬁiﬂeF’?Sﬁ‘"’gjz & o8 provides a
VBTt o5

const antplelabvanfah capgeostiemithay prhxad doboroE B P 150 ny

for 13 f _coate [ ' ok
el uti onC%%?grgpetCH%enf ]i%I tﬁgi%e %gﬁ Sgir?iﬂ?g'.a%ﬁ%g] %ﬁﬁg{ti@ﬂngﬁiogfﬂgt msﬁié& i ta\r/]vfas
Pt #

obser vedyithatexplppedi Figred §. $eentiyr permEptedfle heds weige -0 "P&mai ned

on the cat het f.ter t i idshed i

ol eave Rape BBty S8 g B e Vo
2009/ 060322 R BhAB20A8/iD 08848y REFERENCES  Each of the fol I owing references
are incorporated herein by reference. 5U S. Patent 4,265,848 U. S. Patent
4,496,464 U. S. Patent 5,304,121 U. S. Patent 5,344,401 U S. Patent 5,576,072
10 U S. [Rai@biethn 6626k B cBasdBropaties5, 674, 192 U.S. Patent 5,709, 672 U. S
Patent 5,733,496 U.S. Patent 5,954,706 15 U.S. Patent 6,221, 425 U.S.

Patent 6 287.285 U S. Pat Balatd siftahddl, rd '
| ke UF SilveP
6, 645, 547 206°0% .enga?ggtcgﬁuéggﬁ‘g%%ﬁ%&s%gﬁ ent ggf 336,001 .uifsg.ldfpg ﬁtent

6. 890, 348rdtk SomRathewnts Batdde BRAAyig sipvar piffate 2ceding 62 theapstdds Bpvidsl pyp| n.

20060025816 U. S. Pat ent o2 Q0601 A i e ;
: : abd Thessachaindaan éky, A
.1 Respi'f .]ﬂﬂbg}SgPS‘Eﬁr gr%ﬁ/eeg‘%gh %8’5’%%}&29%%%%001%%%0. Bﬂnﬁaue m§t al .y Asm O
1., 303n388cd &B08in vivo or in vitro. (Spador, ef al., 1974; Schaeffer, ef al., 1988; E\/Ia.%, ef al.,’ _

1988; Groeger, et al., 1993; Raad, e al, 1996). The catheters used in the in vitro

demonstration method described below were equivalent to the catheters utilized in the in vivo

15  experiments described above.

The standard in vivo method of measuring drug kinetics introduced to the system
(generally by oral administration) is to measure the quantity of the drug in the circulatory
system. This method is generally considered the most precise and provides an accurate
portrayal of how the medication is diffused in the system. However, in the treatment of

20  pleural disease, systemic or intravascular absorption is not the desired result, so this method is

not relevant.

The i vitro method is a more basic, but accepted method of measuring the release
kinetics. The sample is introduced in a solution (usually held at a pH 5 or 7) and the amount

of drug cluted is measured at regular time intervals (1-10). The amount of eluted drug is then

95 calculated from the following equation:
" n-i
Moy CSN I/e =0 C;’Vi (Eg. 1)

Where :
msn = amount of silver nitrate (SN) released from the sample at a certain time (mg);
Csy = concentration of silver nitrate (SN) in the extracted sample (mg/mi);
30 V.= volume of etutent recirculated through the system (ml);
V, = volume of the extracted sample, i, (ml);
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Following the first hour, 2 ml of solution was removed by pipette, and immediately
replaced with 2 ml of water (or solvent). For in vitro testing, distilled water was used to test
the elution rate of the hydrogel/silver coated catheters because physiologic liquids produce 2
10 precipitation of free silver and also deposits on the surface of the catheter a layer of protein
that can modify the kinetics. In an in vivo setting, the protein/silver complex is decomposed,
the silver nitrate is found in its molecular form and the kinetics are undisturbed. The
concentration of AgNQ; in the solution was measured at each time point by two different
methods: (1) Electrochemical: the ASV method (Anode Stripping Voltammetric) and (2)

15  Atomic absorption: the AAS method (Atomic Absorption Spectroscopy).

Release Kinetics of Siiver Tons from Polyurethane Catheters

An example of the kinetics of diffusion of silver nitrate from a polyurethane catheter

coated with the hydrogel/silver coating is presented in Figure 12. As shown in the figure, the

amount of silver nitrate eluted from the catheter remained fairly constant over a 10 day

20  period.

As shown in Figure 13, sterilization with ethylene oxide did not decrease the amount

of silver nitrate on the catheters, nor did it modify the release kinetics.

Release Kinetics of Silver Ions from Silicone Catheters

In addition to the polyurethane catheters described above, silicone catheters with an

75 external diameter of 4.88 mm (external surface area of 1.533 om?” per cm of tubing) were also
used. The silicone catheters were coated over a length of 13 cm. Two different doses of
catheters were prepared, SiSA and SiSB. SiSA provides a constant elution of approximately

250 mg silver nitrate for 13 cm of coated catheter over a 10 day period, which Figure 14

demonstrates over the initial 3 day period. Si5B provides a constant elution of approximately
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1. A systemof pronoting diffuse pleurodesis, the systemconprising: a

cat heter conprising: a proxinmal end; a distal end; and a coating on a
distal portion of the catheter, wherein the coating conprises a sclerosing
agent conf imgurcedhsb@2pronot e i nfl anmation or fibrosis oPCHIEGEISHEyers;
wherein the systemis configured: to insert the distal portion of the

cat heter _into a p)eural ace . figst pleural |ayer and a second

pl eur al P&?’é‘?"%h@h%ﬁ%{fﬂ %ﬁ”é@fa?ﬁ%ﬁﬁ%%ﬁﬁgﬁgt es in the patient's pleural
space anghuskeh o HIal BibeasabSicesimngs:8yehti99ls brought into contact with the
pl eural space; to proyj sust aj,ned-rel e fr he eter. . of the

scl er osi RYTAYERE alo@‘ér%’é'g %@’??W”Sef‘g g ’6}F ‘e%’?’g)rm 2 %ge}rl]}%erG%g%%Mtg%C@%%t y-four
hours into theiphessale SpaeeiicaNszicherqBéptTeckmodii¢ PudeCp) bar 84e64%70f t he
first and second pleural layers. 2. The systemof claim1, wherein the

scl erdsing ageft- conprises silver nitrate. 3. The systemof claim 1,

wher ei N phagidih 8 bl Phe UP@mdrayeieiitin: biseefial opl dinahadetmel Agpicativie, second

pleural layer is a parjetal. .p ral .l ayer d erain,t LEf use

pl eur odesi s cof§PIdeed{ ﬁ@x%%@s?gchs?%gﬁwﬁﬁgf%mg’%ﬁ ?%Séqgéelr’cent of a
hem t hor ax.:1a80¢: MherelRadoner sossii@mee. configured to fuse the visceral
pleural layer to the parietal pleural layer in a plurality of |ocations.

4. The spuménv efalcy. dierma, ARighes&rs Ghd-40rS¥2pl eural layer is a visceral

pl eur al : | hg, ,gcg‘c%- PiRYrBdsslaerooks a parietal pleural |ayer, and
\A,her(lia?n ?E%‘ﬁg??[fbgée p? eur odegi s conprises a pleurodesis.of at least fifty
per cent Blpem chehikt Aot &, KA WWAEE Bt 1¥%e systemis configured to fuse the

. visceral ~pi. hedQidRerdparietal pleural layer in a plurality of
| ocat i On%}?l'h@%{, %Jﬁéjzéqggslt‘séem olta’ claim11l, wherein the diffuse pleurodesis

conpr i seSrorpdrtet pl, elnadhesi VBl 0bdOWEER- t he first pleural |ayer and the second
pl eur al er d ek, . t is configured for that a portion of
the mul ti'p eer?;icf‘nr2 s 165@&%0@%@6 at

&S ons a | east three centineters fromthe
di st o enehtaheltzhé Mombthdt Byectidre h:SHBetSdi¥Pal end is inserted into the pleural

space. ﬁgﬁgé}g?]?%twggﬁr%c&kghm,%?9%%5%@@ systemis further configured

to drain usion € pleural space via the catheter.
MC S L |Kefledyle: alhEhesy $SEEM:BHR-3H21996, wherein the pleural effusion is

associ ated wé#,%gpg%gpeg%%gﬁlﬁgﬁt hy® heart failure, cirrhosis, tuberculosis,

pneuroni &€ ¢h ., pancreatitis, or collagen vascul ar disease.
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8. The systemof claim®6, wherein the pleural effusion conprises a

mal i gnant pleural effusion. 9. The systemof claiml, further conprising: a
device that creates a negative pressure; wherein the s figured
to coupl e VRE"§&01°¢% to the catheter; and to operate t%é[t“%gié?:g@}esg%?ow de a
negative pressure to the pleural space. 10. The system of claim9, wherein

the Sys%@ﬂ%}ﬁéetfdﬂﬁ*T%m@oﬂifruzgwsewrgl; @5(d}m3nszshwasl eur aI effusion into a
cont ai ner coupled to the device. h}s %%é hg 53% Z‘fﬂ of any one of
cl ai s Samyuglomil Guggrabichist et deé’”’GTOb 8B 6 Kot i'ng a di ffuse

pl eur Odegfschgef@;etaa;fyr[%; nheysab logger and a second pleural layer. 12 A
systemof treating a pleural di sease, the system conpri sing: a catheter

conpr i S|Shgim3aep¢»b>§}wﬁl93éﬁeﬁ33é3@|i§§%l end; and a coating on a distal portion

of the calihelel.q Whel 810 HReiEoRMND: smEPrbsas a scl erosing agent
- confi gurecf 0 pronpté inflammation or fibrosis of pleural layers; wherein

t he systSe(vsha@ dotif Pogared3: 2662V hd@P4 the distal portion of the catheter into

a pleur ween 8.4, 183494 el | ayer and a second pleural |ayer
such th?t1OS P?é?h ter terrjﬁ nates in the patient's pleural space and such

t hat th@ps@lrieqrrdémyﬂa?g@ﬁmoikgf Br@Xighe: 1970 contact with the pleural space;

to with ONsQL  abds)-kiRMA heogpl eural space via the
cat het e%’ @0%% g'lwc gog%lgus %l:gned(r ? el ease fromthe catheter of the

scl amoymgma@arﬂtabv@n Bhapeedodgr-oF2 {8 Re3G7Eal 818 t han or equal to twenty-four
hours i c feanongz. further configured to
T Rinlal Bl SHIR! 73 RACE MRS TRk d D) SR Is00T

create Phse p and second pleural |ayers. 13.
The systresgmidy mdaviichd®, Cided 22(R):30e368] 0bal di sease i s pneunot hor ax.
Vargas et al., Chest, 108(4):1080-1083, 1995.
Vargas et al., Chest, 118:808-813, 2000.
15 Wied et al., J, Thorac. Cardiovasc. Surg., 1983, 86(4):591-593, 1983,

Wied et al., Scand. J. Thorac. Cardiovasc. Surg., 15(3):305-307, 1981.

35



14. The system of claim 12, wherein the sclerosing agent conprises silver
nitrate. 15. The systemof claim 12, further conprising: MCSLLPy&sdewi ce
that creates a negative pressure; wherein the systemis configured to
couple the device to the catheter; and to operate the device provide a
negative pressure to the pleural spaagnsl6. Use of the system of any one of
claims 12 to 15 in the manufacture of a device for creating a diffuse

pl eurodesis of a first pleural layer and a second pleural |ayer. 17. A
syst em ofl. f usiygnt sioprphetnabiffuay elessodehe thy stsemm canprisisg:ng: a cat het er
coated with shkg@kmab@ﬁgﬁgngmhereln the catheter conprises a proximl end
and a distal end; hlygg .nitrate is coated on a distal portion of the
cat heter; and t he SI v rate is configured to pronote inflanmmation or
fibrosis of pleuraP %k éé?g @fherein the systemis configured: to insert the
distal end of the eatdnéingron atdstal preianap! dracethpisrweberch fhicr seatipkeur al

| ayer and a second pl euramplisyera suclbrosingt ddeet cabhgieed t es mppahes in the
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terminates in the patient’s pleural space and such that the sclerosing
agent is brought into contact with the pleural space;

to provide a sustained-release from the catheter of the sclerosing agent over a
period of time greater than or equal to twenty-four hours into the
pleural space; and

to create a diffuse pleurodesis of the first and second pleural layers.

2. The system of claim 1, wherein the sclerosing agent comprises silver nitrate.

3. The system of claim 1, wherein the first pleural layer is a visceral pleural layer
and the second pleural layer is a parietal pleural layer, and wherein the diffuse
pleurodesis comprises a pleurodesis of at least twenty-five percent of a hemithorax,
and wherein the system is configured to fuse the visceral pleural layer to the parietal
pleural layer in a plurality of locations.

4. The system of claim 1, wherein the first pleural layer is a visceral pleural layer
and the second pleural layer is a parietal pleural layer, and wherein the diffuse
pleurodesis comprises a pleurodesis of at least fifty percent of a hemithorax, and
wherein the system is configured to fuse the visceral pleural layer to the parietal
pleural fayer in a plurality of locations.

5. The system of claim !, wherein the diffuse pleurodesis comprises multiple
adhesions between the first plevral layer and the second pleural layer and wherein the
system is configured for that a portion of the multiple adhesions are located at least
three centimeters from the distal end of the catheter when the distal end is inserted
into the pleural space.

6. The method of claim 1, wherein the system is further configured to drain a pleural
effusion or air from the pleural space via the catheter.
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to operate the device provide a negative pressure to the pleural space.

10, The system of claim 9, wherein the system is further configured:
to drain the pleural effusion into a container coupled to the device.

11. Use of the system of any one of claims 1 to 10 in the manufacture of a device for
creating a diffuse pleurodesis of a first pleural layer and a second pleural layer.

12. A system of treating a pleural disease, the system comprising:
a catheter comprising:
a proximal end;
a distal end; and
a coating on a distal portion of the catheter, wherein the coating
comprises a sclerosing agent configured to promote inflammation
or fibrosis of pleural layers;
wherein the system is configured:
to insert the distal portion of the catheter into a pleural space between a first
pleural laver and a second pleural layer such that the catheter
terminates in the patient’s pleural space and such that the sclerosing
agent is brought into contact with the pleural space;
to withdraw a pleural effusion or air from the pleural space via the catheter;
and
to provide a sustained-release from the catheter of the sclerosing agent over a
period of time greater than or equal to twenty-four hours into the
pleural space,
wherein the system is further configured to create a diffuse pleurodesis of the
first and second pleural layers.

13. The system of claim 12, wherein the pleural disease is pneumothorax.
14, The system of claim 12, wherein the sclerosing agent comprises silver nitrate.

15.  The system of claim 12, further comprising:
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a device that creates a negative pressure;
wherein the system is configured
to couple the device to the catheter; and
to operate the device provide a negative pressure to the pleural space.

16. Use of the system of any one of claims 12 to 15 in the manufacture of a device
for creating a diffuse pleurodesis of a first pleural layer and a second pleural layer.

17. A system of fusing two pleural layers, the system comprising:
a catheter coated with silver nitrate, wherein:
the catheter comprises a proximal end and a distal end:;
the silver nitrate is coated on a distal portion of the catheter; and
the silver nitrate is configured to promote inflammation or fibrosis of
pleural layers;
wherein the system is configured:
to insert the distal end of the catheter into a pleural space between a first
pleural layer and a second pleural layer such that the catheter
terminates in the patient’s pleural space and such that the sclerosing
agent is brought into contact with the pleural space, wherein the distal
end of the catheter is inserted in an insertion point;
to provide a sustained release from the catheter of the silver nitrate over a time
period of greater than or equal to twenty-four hours into the pleural
space; and
to create a pleurodesis of the first pleural layer and the second pleural layer,
wherein:
the pleurodesis comprises a plurality of adhesions between the first pleural
layer and the second layer;
the plurality of adhesions cover at [east twenty-five percent of the surface area
of the first pleural layer; and
at least one of the adhesions is more than five centimeters from the insertion
point.

18, The system of claim 17 further comprising:
a device that creates a negative pressure,

wherein the system is configured
to couple the device to the proximal end of the catheter; and
to operate the device provide a negative pressure to the pleural space.

19.  Use of the system of claim 17 or 18 in the manufacture of a device for creating a
pleurodesis of a first pleural layer and a second pleural layer, wherein:

the pleurodesis comprises a plurality of adhesions between the first pleural layer
and the second layer;
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the plurality of adhesions cover at least twenty-five percent of the surface area of

the first plevral layer; and
at least one of the adhestons is more than five centimeters from the insertion point.
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