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DESCRI PTI ON METHOD AND SYSTEM FOR SUSTAI NED- RELEASE OF
SCLEROSI NG AGENT Rel ated Applications This application
w@L@pmoeo3priority to U. S. Provisional Patent AppCT/DBDOSH03843

No. 60/983,739 filed Cctober 30, 3007, the entire

contents of which are Mporat ed by

reference. Field of th ' The present

di scl osure relates generally to a nethod and system
METHOD A8 SVSTEMN WOR SUSTOANED- RN EABE'OF SCIEROSINGEAGENT

present disclosure relates to a nethod and systemfor

treating pleural diseases conprising providing a |ow

dosage of a scl erosi AkflatgéAwpdigations period of time to

achi eve diffuse pleurodesis of the pleural |ayers.

C

- Ol opBREioR Utk BBkl Mo (043P Rl PR on Mo, 601983,739
filed ©&taber300¥00fe theckmairenameenanel wlthh etedergh ewogeested by feferhace.

pl eural |ayers via sustained-rel ease of the sclerosing

agent. Background Ing,or .0 PI eur al di seases are

frequent medical probf Prelré Yuiri ng expensive

i npatient treatnments, often of an invasive or surgical

Ngthe ReseMOdisélbiliré 'rél&e@ﬁ@ﬁ@?hl@y‘a tPh ndtBed ahd 6ysk@RFeStreating pleural
i nclude pl eural effusions and pneunot horax. Pl eural

diseasss.f Yiiropartigwlerlphe a{:e@gy disfelaspig rglatasdoadnethed andnyystegnier treatlng
pesrfRAEA 05 b T 5 P REF b ppLS, BFpda oime

to achieve Aisnd plyurddesiy o€tthe @leuga niapers. mestile ahore oputiidulaiyg the present
such as cancer, tuberculosis, congestive heart

disclosie] fgates tone sAtIicE, copiar it Ryscharatng asentrthoRioYidss dgainage and
achlefeé%'liu?oc’desﬂ 3t ‘t:ﬁeg@&r%r%ful?%erg r\’l&%h‘!&ﬁ%& '?el\éés%%'flﬂ?er scﬂa‘réé?@gc' fgent.

e anount I's significant, ['ung
conpressed and the patient experiences shortness of
breat h and cough. TBadwrefhdinformatipe often difficult

to treat and result in recurrent shortness of breath

e R S B
treatnSAGY bleDBf &89 Bsi VO bi0sieS0AI rAafrat Noh- lfrﬁhltmg Rearhpleqbhplotiral diseases
and managenent of pleural effusi ons particularly

includeeplpeabeifusims ang| Pispmngiosrs . Plowal sifavionsae PHid aep { ef fluid around

e s URRETRA B DR LARBACl el y500mng e e

space.

Pleural effusions can be caused by a variety of common medical conditions such as
cancer, tuberculosis, congestive heart failure, pneumonia, pulmonary emboli, cirrhosis with
ascites, pancreatitis, or collagen vascular disease. If the amount of fluid is significant, the
lung 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
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).
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(2000, incorporated herein by reference).In view of

the burden and suffering attributable to pleural
weedaesses and of the nature of the patient poRUI/ER20€81003843

suffering fromit, a preferred treatnent approach

d d | | f
SPhBEbnS, g urd o ok e 1 s RO 6 e Elbitansagd oféhe nature
of thér%f?édttﬁ’o ﬁfatlgﬁtéu%ﬁ n% fﬂﬁﬂelt n rﬂr@f@ﬁe@'tfiﬁtn@énft ea%bﬁ)a@ﬁ‘ Ahould offer

avol d eat ed unconfortabl'e procedures. The usual
1mmedu|am aratltorlgotepat ietief of wimptomsppvoidabospitalidatigmabe applicable to the

RO TN NERER ST TE -

scl erosi ng agent such as talc or a tetracycline by

PITas ufiehl approAdheloGREERE vk SBiémaic MhRgriut PGl effusion (MPE) is
t hor acoscoplj@nd attenpt pleurodesis with a sclerosing

to perfgrentepsaet piosiral 4pps @liioracqnéqsrsédycqou giemptpleurqdesis with a sclerosing
agent 33?181[1 O4C Palé S’ f %Qtye{ glnjlen tb& ?lgélgg EI%(E:P ge elch%}%IE %’l?é@% lao? n¥16| surgical

thoraoaﬁa)pcymﬂld/ atméiflﬂ}tl ;ﬂbﬁmdwmmmrmmlabmhg agérﬁtemtch \4€ talo or a tetracycline.
relieving synptons. The second requires

The fﬁﬁsa@pfoalph sntesewce Hensive (rPering BUkiRle Nisitalo ahesdginpor pltrasound

ol IR ASETAN, ERE LAl Rl . To

Secon@aeq'lfltds }m)spitdhiastidae@nd asgooiqatre ch gartet'al saae&theﬁlcp ultrmanaaiso only be
lications.. A newer out pat| dure t he
perforBleg iy PREOGHerr Bl SPOpEUeREy SRR, BB HEht | be Hgpicantly
painfl@hd ha bdeRaioRAatedHpRh §é°vkré{§ilxﬁ9nﬁy'c@ﬁ@h&a%foﬁb tunnel ed
catheter inserted into the pleural space.
Unfortunately, the majority of patients need ongoin
dﬁamm@umatlmttpr@edmehﬁwé’ﬂe%rhas lheerr deyeloped byiBepveriBiemed, Inc.
tients u Q
(now g@r‘é rogge I'((i)l glgggzﬁgl jusine 3 ?or%—t%%‘g Vt\grér% UL r?% 1?]1%63%% l’ﬁ?a&e pleural

spacepwﬁfoﬂngaelygﬂﬁl Iﬂ@gﬂtyhﬁ‘:‘paﬁeﬂt@ Iﬁéd:(ﬁbngoﬁfg’a@’aﬁlagﬂwﬁmahe tath@ér for the
life, npllcatlon rates, (duetomfectlons cost of

rest ofy &mr S aRthangh r FARoRfieds apdhicvepa; plgptpd 515% rAfieh ey @verage of
approQ té']?f %eﬁf §P )drélﬁa e é)ﬁr 1ﬂa £Pbential impacts on
[ ung

a pre-existin
qualitg pﬁhfea n@npktca{in& vated (doe &xm(@ﬁlé‘ms); &)saofmmphm dmdmm'tional status.
occurring in patients with a variety of I ung di seases
such as chronic obstructive non ar ease. (
CAEPEE skeritofe PREfRT G gL & 7 FrbmafaRR: p mpent without o
pre-c:RABIENRL D A RYscC aS&DnEAY PBnlah&sils %e\&!nbﬂlo&l XHSP) GHaPneumothorax
tube drainage. Al though patients who exgerl ence a

occurppg irpetirstsayithraevateth p§ Hingi discasss such @g oksjrggtivg pulmonary

dlseaste:@gﬁﬁ U eghﬁ%gmf 8¥ ?’egflj%n@? %ib es?s?é?h% %]/1} ?c}l‘ft? I%)gg)neumothorax cases

can WRXpesite@nwih ts@ply chek eubpidisidese. OAltheudlh patidnapsehodiexgdtience a
t he invasive nature of currently available
pneumppthoian taag al Bigh Tiskt ofeh fecurrent 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
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.
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Patients with severe heart failure can devel op
recurrent pleural effusions conplicating their care

w@ /060323 ng i ncreased breathing difficulties.P@/182008/003843
the | ack of effective and safe local treatnents for

{ GnatPo iR Rty BHE SPRUERL AT o CRiVBr obf e contol of

pneunw’tﬁ&rak PG R4l ghff PlehRN efufibnd Weull be iod %&é’dt beheHPtoithese patients.
frequent. A safe, mninmally invasive and effective

method to achieve |long termcontrol of pneunothorax or
non- mal i gnant pl eural ef SuBiaMy woul d be of great
benefit to these patients. Sunmary A nmethod and system

Ot& leeﬁl\édddna Lefdd bidid tdtehhor éﬁﬁstﬁ&asé@h Whfle minimizing
EeCECUTRRk nhuidhc

m ni'm zi ng ass exi sting
the asﬁdcﬂmédrﬁm)bleﬂmdfmmmg &e@tﬁfent QﬁlonEﬁb delsiredn tEBnanfdlmdsIﬁs of the present

present di sclo ure conpri se a netho d system f or
discl oweaqompglseaew d gnd sys'eq @y HsaEve a’f a‘hWG%’SoWsHﬁ’eldé‘Pg a low

dosag8of & ls@@x%%inggig?&sﬁ/gr %}5 i r(fa?fptﬁﬁé Rﬁac‘ﬂfevte T@ﬁr&d%s@ O 'tlﬁevﬁeural layers.

pl eur odesi ayers. Specific exenplary
Speelﬁcrtmdnpiam snﬂ)odqmemﬁeccanlma{ehetceﬂle’(eo abated wiithh aasclerosing agent that

scl er os nt .t hat, achi eve de
achicyyf gl apIqemy Ao B ploptel g KenSREIgERER phre eleiing ssnt. By
prov1<ﬁﬁ§ me sdﬁ%oﬁﬁ%\ég&it Rt RPefbd SF fisdd) JatB&SRAn QY ena@e ReglPdose, the
rathef than as a large single dose, th

negatlwe gaieu aftects @echeas‘ paitest demmfoat sbemld rediasdo rflfhsrusra of a catheter

with & R EF Bl oo P s o ARl ey e term it of

sympﬂomEQVcﬂ& Godpichlizang, be raﬁFlﬁ@lbleetfo @fna?()ﬁfpto@@ﬁﬁerﬂs/ Giafle minimal side
italization, be a i cable to a majority of

effedfa&@‘f %‘f?ﬂ%fepﬁ%i@@uh@quﬁﬁﬂb% PERcediteect s and avoi d repeat ed
unconf ortabl e procedures. Exenpl ary enbodi nents of the

p
PISS Tl L ARYE ACUBYSEUTELIRUS SRR Y g o
treatirfgx pl’qutai r diseant) onhlc}udntg pleormprafisiops.ovEdémplagy emhodiosatse comprise

vl 1 R T 1% TR S R0 S okl acie

pleurcfd%gi's.' St i epllalkrﬁle Ildy@féo HifRcaP 'i‘é‘d—ﬂwtth@ Na¢liBsodP Rk pAkumothorax or
fusions will ré-form The dosage | evel can be

pleuraé effeelpesjwau reafomev elhetdeaagei level ean ﬁ@dgﬁed 8t alevelnthatels dow enough
o mipFAECoT OPLE “Bobs 06! Bl SEPEIAD RRERE Qe daeine o

sclerogi@Biag¥& if |a%ﬁfgw@c$sle$o aafh@eqﬂaﬁg@esisevﬂie do3spclieves ehebé Sdected at a
at a level that is below the m ni rum anount bel|eved

level that sebelpwrthp ainimuap pipoppt kedievedtq he thegansgtieallygdective in a single
dose e%@r éﬁ‘]ﬂggéé@%e@a{ns P Be ch{ek/e(p %e@%ﬂe %\rf;gﬂe kP@ﬁ"e@feae(o?fsustamed-

or SUS al ne ease
release) dosmg

Certain examples include a catheter with a sclerosing agent that is inserted into the
pleural space. The sclerosing agent can be released in a sustained-release manner over a
period of time to achieve a general or diffuse pleurodesis of the pleural layers. In certain
embodiments, the majority of the sclerosing agent (e.g. greater than fifty percent of the total
amount of sclerosing agent contained on or in the catheter) can be released at a steady-state
rate over twelve, twenty-four, thirty-six, forty-eight, sixty, or seventy-two hours. In certain

embodiments, the majority of the sclerosing agent can be released over a period ranging from
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Certain exanples include a catheter with a sclerosing
agent that is inserted into the pleural space. The

waeleoaseng agent can be released in a PCT/IB2008/003843
sust ai ned-rel ease nanner over a period of time to

chLeve.a general fuse deS|s 0 th
three i BFey 0V F ap o S EBPOSI GBS ar FEIRIE SHREiRY b5Flegecd so tht
approRfmd&id1§ t&f &E&ﬁ'o&' hAgbsih € agent Q¢ %@éﬁéd ) tvabffo)zir six, eight, ten,
percent of the total anount of sclerosing agent
twelve, dowrtdenesixtoen, gighteent Weenésaﬁwgttwwo,ctmn%fqueItwalstwvattwalty-elght

ate rate
tirty EREEog R, G QG REEE o SBORE LR P osop rgptged to din
fluid drl’hncﬁérhalh leffaP§iabe nInSGertbfhﬁbxﬁﬁipIHsl 4 Yuctibn bh@ob8bREO8EWIEE can be
ent can be rel eased over a period ranging fronthree
coupl@ tofthe catbeferigyassist)ip repedng ped eating theghiid or gipeln specific examples,
2r O be rel eased so that approxi mtely
1hemf%%ﬁ%g%%ﬂ9§%ﬁ§§' %ﬁécler05|ng agent is rel eased every
two, four, six, eight, ten, twelve, fourteen, sixteen,
e Byhidmeinistdringnthy , scleresivigy agambd, inta/va[stamécbmlaaset weanh§r- with, a single
y-ei.ght, thirty, thirty-two,
proce WF*%? patient ﬁ% pyoid FI}Y}I ltiplgiteep nt pﬁ)@e %qvogialﬁ)ns dospitalization
requirkRgtsf 0 drain fluid or air from the pleural space. In
certain exanples, a suction and/or storage device can

be coupled to the catheter to assist in renoving and
sC@rtamg:mbvélmm doroprigsi & method o5 @mmmmgepdawpd@ss Theemethod may

compe ey P ot isinect mifutidt B TeBREL B Aoy Mosing agent
proxinhlttd the SisfAOER]. PTRE slétbSing hbént Radyl w&onﬁgﬁred\t@ ipbmote inflammation
mul tiple treatnment procedures and avoid | on

or fibiesissifiaanleural lewar rldqunetbedmey indhete laﬁfrnla%r%dig 1talfing of the catheter
into a ngl%ﬁfa 3fal ﬁ@&/g&d girstpf) U0 lleﬂ%{ RhEW gé%%ﬁﬁ %leuﬁlela%art Iiﬁ)cq/ldlng a

rrse provi cat er conprising
sustalﬂdfcbwldmd: o€ gk se‘letdsmgedgemdver anpersodscf emamhgt}ﬂqﬂaﬁral space, and

o the dis end, The s Ier S|ng gent
creatl%aébfﬁ?srfg{lﬁ%d% it B Sk rCaRIGoBH DY | B i g begiments,

the peﬁ’ﬂo@ lH'f @ﬁné AEbe tg::rél?er'ﬂﬂnh&de quEYto! t%htlﬂrdf%uf A&RE.L EDGthENEnbodiments,
end of the catheter into a pleural space

the pdmetlwé @maamay be greptee thaal twlehzyeformﬂjg}a s scomtly-prebows. In still other

el BB 0,05 B SRR S IGRCHHCS! Aot

embodiRfbnes! ﬁ@tsb]%ﬁ)sﬁl%jdgfeﬁﬂ'&ﬁqﬂ'ls@é‘ﬁ%ﬁﬁitﬁteof the first and
second pleural 1ayers. In certain enbodi nents, the

period of tinme nmay be greater than or equal to
t \Iwﬁrwrf gubodimgpis, the Airgmhayaldass ii iseesal rlepsaldayqr ggd e second

pleural 1 rrfgya gfgu%aﬁﬁﬁ&ﬁ% ia%? I)I(\%h%ﬁg? eg{r‘t[gtt())}{ érrng%:tg@ rd%fﬁuse pleurodesis

comptld;dsfm pﬁiurcﬁiésmmf helehmttwenty-fiver percaiidoff a fheméthorday and Ithte visceral
pleuraiI lg}(éeléi ;sﬁfugc:a?;t(t)cglt rI])tal?leta p?euraﬁl lg;eorsinng pqgr%ﬂtcy % raltlsor(?sS 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
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
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In certain enbodi nents, the first pleural |layer is a
visceral pleural |ayer and the second pleural layer is
wa2peanéseal pleural |ayer. In specific enbodi NnRCIE/EB2008193843

di ffuse pl eurodesis conprises a pleurodesis of at
least twenty-five percent of a henmithorax, and the ..
end is inserteddntopthe (edral] sppes-  PReqtic sbodments Hay ?@9 gpmprise draining a
. [ [ ions. In other
pleursf o5 of £t Bl fle ol Sl B R 0T s6s s
pl eurodesis of at least fifty percent of a hemthorax,
ahd spbefivi enbodimentse uliealpléuasle effusof useyl heo asdpeiated with cancer,

arietal _pleural layer in a plurality of locations. In_ ..
congeBie Biest llrGrimines, Srin bt pbehnid BluRE ol pareatits
or collAgkh MRl RIAMEILONE B&LAEeRbbignchts] Ble PeUI Blfudiy Blayaddehprise a
~the second pleural layer, and a portion of the
maligmant pleptad effd$iesi ons may be | ocated at |east three

centinmeters fromthe distal end of the catheter when

t distal end i.s inserted into fhe. u c .
s B kB2 Souple pltRuRe  Usfloe B Bzare o negative
pressu2é, eetupling fthd1aévice & tdd Cathdtemahld @pplatip ahe dpwice provadd Beegative
catheter. In specific_enbodinments, the pleural | |
pressuge fidieareuralysngec aSeseliaembodimentsaant also cetisdipining the pleural
effusi&?ﬁ'ft& afcgﬁthilﬂ%ﬁcqu?igdrtg% Gevidetbercul osi s, pneunoni a,
pul'nonary enbolt, pancreatitis, or collagen vascul ar
di sease. In certain enbodi ments, the pleural effusion
mepedaficpmbedinsentsatdngprasata method aif tehfing b pheurdatiseasen The method

enbodi nents may al so conpr.i se providi ng a,devi ce that .
may RPN G A o COTOFE SaBRRIh GRS HEY Pich aph 8 sclerosing
agent [#6xiefl NET@E . difhd cRPEI Bild BElefoBiRig AT enddr BY icBBfigured to promote

negative pressure to the pIeuraF Space. Specific )
inflanendstsui ardivresinefla plewisl eyemprTheanethed miay glsplvemprisqiing¢rting the distal

fusion into cont ai ner coupt ed.to t.h [
L e R R e L
withdRiveHs alplébirsl &ffsion Urirnedhable pRYral ofaRe iviethp roathiett,ghdproviding a
catheter conprising a proximl end, a distal end, and
sustaigedstaleaso of My sdernTing pesityier ePering ofitpaintedee pieHel space. The
Q84N t anf : r
met GRS AP LR GA PSP PURTHRS el taver t0 e
second®lduodl 1agy. dh spedificrpmbsdiniensethici prgiot loé titiesis gdreaterdharf or equal to
the catheter intq a pleural space between a firs
twentygteuyy ]é‘?urﬁ'aférsl’ﬁ_ Ca“%*é@g’;‘i‘?ﬁ“%l r4Pe |Peyiag My E’ﬁ &’Iﬁg"\"i\?eﬂgthree and
fittee® BYEUNR! el emBdiHend thd HRM NBsdLEW BheiR@E6raY! aln specific
the” cat heter, and providing a sustained-rel ease of the
embogdimteatsp shengplargsing agendrcomppises sitveohitratere Certeio enplrodiments may also

compfif PUSUTEE cu e el Groiict PERt Sy euar Cayare Bl fRuSe o the

catheter, and operating the device provide a negative pressure to the pleural space.

Specific embodiments may also comprise a method of fusing two pleural layers. In
certain embodiments, the method may comprise providing a catheter coated with silver
nitrate, wherein the catheter comprises a proximal end and a distal end. The method may also
comprise inserting the distal end of the catheter into a pleural space between a first pleural
layer and a second pleural layer, where the distal end of the catheter is inserted in an insertion
point. The method may also comprise providing a sustained release of the silver nitrate into

the pleural layer, and creating a pleurodesis of the first pleural layer and the second pleural



10

15

20

25

30

second pleural layer. In specific enbodi nents, the
period of tinme is greater than or equal to twenty-four
wWhowpe603tn speci fic enbodi ments, the tine periRUI/IRYOFND3I843

between three and fifteen days. In certain

enbodi nents, the pleural disease js pneunothorax hi
layer, siheed the plerastsas %Wp§§é8tmu@§%?f§%4hﬁ§0%sgwe%ﬁbﬁ firstgeural layer
and tHR} Le%:sgd fi%;e"r.afjﬁq- ol ArboSHRAN, TROtu By, & SEheSBP L& at least

providing a device that creatés a negative pressure,
twenty-Guplpengnt be tikevireetaed bé thatfinet geyrahinyen padaiti legst tdne of the

device provide a negatiye pressure to.th | eur al .
adhesigpy sgnorg i) gvecceé\ﬂﬁﬁmrhéﬂ%&me%ow%w& P, Sybodiggnts, the
sustah‘?&{gli Ifel-éﬁéeﬂgf LR REBHE Bto MY Slkdral 1dYef 66l Hve@EDOEE FBAGS of at least

the nethod may conprise providing a catheter coated
twelvenhdurs.si | ver nitrate, wherein the catheter conprises a

proxi mal end and a distal end. The nethod nay al so

c rise jnserting the dista nd. of .t he catheter into .

aegﬁgﬁrgpt%%gﬁgmbgF§@@W 4 ??ﬁ@ﬁ R &oqune Fa%%?géhamégﬁgng'(@
introdﬁﬁﬁ% AQafeRY bRk pbAartherdbreto detdoeted iigibal ch@bshnablutidd and optionally

catheter is inserted in an insertion point. The method

holdinggte sathster svmortsen Hreaspf dn rigis Sobitiondonadisielimgserigd, yherein the
. ilver nit L nt.0 the } r ' -
it KL RIS ALEY b P AO EEERERG: e porion
thereoff :iﬁtldrafl_ﬁksa)sﬂ?er %ﬁﬁ&ﬂ’e&ohhﬁnrﬂrﬁluasplﬂ)ﬁsﬂﬁ holdiny itheesittwter or the portion
¢ . , .
therech il oS ig Al 4 e g RS HOBRE B G RESdugipg 1 Siheter o
the po%(lﬂ{ fHetdo¥ ]pﬂg 20B6RI QRS HIRURY sofltidnSRARloptibRAIWEJIENE the catheter or
percent of the surface area of the first pleura
the pdréiyertheraoftlinathi$ salstiomrfer afthirfiginae ipesodndnirtamr enbodiments, the
fiye centjmeters frogmthe insertion i nt i_certain
methogralgsommre: (4 Hevich BFhihets: Do s poiopf Oerp ) reparaf el )
to fornDtaOn}di6edl] @ aéithk:@ﬂg RFRIMERg OB cabhetdrNdy BRI p&oRfthadeof to a
| east” twel ve hours. rtain enbodi nents conprise a
glutaraidelineis sofution and nptienabisithilbstieg thesadeies phire pogtion in this solution for a
i ntroduci ng a.cat heter. or.a 1.0 e f 1 .
fourtt, Bife OB SR Ein € G PR BSTPERER) GRSl gp iy sociom

hyalufoRgteCalliRheind Wptipilty Beldingertheehthbter bhile satiol irothi§ solution for a
first tinme period, wherein the chitosan sol ution

fifth tyoerperiaskoliavend by sogducing eosabkpienor 1By PrmicR Seriestig & third silver
: t er 0l . ' ' - £ il .

i B4 i PR LAEEL oy ity S

sixth @ifnet pegiogdor I epectiiveermbbdiimentshifalledhgtstepn(if or (i), slax oathieter or the

tipe periaqd; followed by (c) introducing the catheter
portiogthqrgef 15 81ed-on t hereof into a second silver nitrate
solution and optionally holding the catheter or the

PO Liehin Eh®b8Rientd) it HfleUlcdrion tha) betatiduk KA (f d6dBnds, the second
period. In certain enbodi nents, the nethod al so

time proip miaydes bayit HR2yningtesithe dutdéne persnd mpebe ahaut f hours, the fourth
time It)et%leordenglg}; bé %%o&teé%oren?rtldtgsg and/gP %he( sell)(th(t?r)le period may be about 4 hours. In
certain embodiments, the concentration of chitosan ranges from about 1.4-1.8 % (w/w). In
specific embodiments the concentration of chitosan may range from about 1.0 — 2.0 % (w/w).
In specific embodiments, the molecular weight of the chitosan may range from about 400,000
to 600,000 g/mol. In certain embodiments the molecular weight of the chitosan may range
from 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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to forma hydrogel, and either: (i) introducing the

catheter or the portion thereof to a gl utaral dehyde
wai0anése2 and optionally hol ding the cat heter BCT/1B2008/003843

portion in this solution for a fourth tine period; or

(iL) introducing the catheter or th ortion thereof
i abobh S50 e GRS o he et ifasAR pqlion 1 about 2 - &

0 n
C.  JARRABLNE Rk R LA 0! oy 8 it
embodintdnés, ¢re @mceﬂtmtlpm rof iacetictdeat Babouto0. é -thftd The aeatlc acid solution

itrate sol.ution and optiona hol dj ng, the cat he
may B v gharedo in (feonRa oY Reh Gonp dBRlE] o pr SR dpiths of water
withobt @Fldi’l@r iR Qertdifl itR@inhdits, SHY 66t IBRRAtRon dfothb Fitetn@dRk 8Bcond silver
(1 (i1), the catheter or the portion thereof is

nitratel scple‘nion israboetr t4al $odwiori neother, enbnalithents,t thei qppcendration of the first

may be .about 5-10 seco time period may
and/ OB%%Q’B%%?VCTL%M% sr?glftb%l 1 ?ﬁoéittlh (fsf C(WZ beriod nay be
about 24 hours, the fourth tine period may be about 8
MR eheREfic élﬂlﬁUdﬂlheﬁtb ethé fixdt Bil¥dr mtrqre solatdoniycohprisédint a drecipitation

hours. In certain enbodi ments, the concentration of
tube. chy ewtadm e ﬁ@l@‘genfss ORE Qb &Rare Filyer nifatg, RS Mgy be prepared using
delonﬁgﬁ éﬁleaft ; dou a gis{[ﬁ%ﬁ ga{e OQQ}}%WH 2 eggvel@p ttéfsﬁ‘)ﬂs.”@l}{ specific
embo@itiael, tendamcerithtionobethel fast ael sbendodilveh eiteabd sodxﬂ:iams rmaq/the same,
range from about 400,000 to 6 0Q0 I.n..certai
whiledRdier RERPUTIRES. Hi51 SEEMEigRs @ﬁ%%le Sr il Sesontl GUSHT 1jggse solutions
are dff%&g fanEQrgalr’lp ’egﬁ)jgdlmeﬁgo 06/ AL petifd Gyt Bé Bbout 1 minute. In
i ments, e degree of acetylation of "the chitosan
specnﬁcs midmdtmde 2&% first gpecpdricd eryode nehous, 1-6 heinddepr eeln specific
atlo of the.chitosan
cmbodypifS h SeB iPie P BRAGH B SHBTE Brpdl PO cpofifuents, the
seconﬁhﬁrﬁ@%@ﬁo@ ayt beo B sut 2DOYE miifutes! N 16 &dettainNerBbdREAEAEN S, third time
he tenEer ature of the chitosan solution is about 2 -

penmsmay bebewddionrse b sgitsa smbodinprats drecthivd tiste pepiod fmay be about 20
_4Oﬁacet| c acid is about 1% (ww. hi specific
erbodi ment s, the concentration of acetic acid is about
0.6 -1.5 % The acetic acid solution may be prepared
udn Bpediliec embadithen’] e, pedod bf enci tstwednedepnét) and s@p (c) is less than
ot her forns of. water.without CL jons hi certajn
about  HoER e e iR b BrTiosk O a® bpfen Hef (b and step (@) is

less tﬁﬁcﬁa% S Bdecttds! ah @erdfth UhibBBinkeht2 R Mathkder b8 thd Mrtidn thereof is

I'n other enbodi nents, the concentration of the first
cleanah gtior teseteprid). i vwlﬁm temho@rrsmtsu theopleagnglsounprid®y contagting the
rst

cathef b et R MGV PR 1) S aki 5 SRr TG ggiments, the

cleanite @aIpkBbIcoMRAH] AR daBhet @R R peTELE tl’Sdrédfeﬁlt}ﬂaHdhﬁU@ 98 % (W/w)
sol utions may be prepared using deionized water

ethanglo | certalin smbiodiseeniia tlee cathster o Heg parBemihersiof yionas dried between steps
(b) ar\M Ecla Y s%‘emﬁg ?nb%'dlrﬁgn‘%g 'f% lgwmg step (e), the catheter or portion thereof is

rinsed in distilled water. In certain embodiments, the catheter or portion thereof is rinsed in

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

In specific embodiments, the concentration of glutaraldehyde is about 0.98%. In
specific embodiments, the concentration of glutaraldehyde 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
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enmbodi nents, the concentrations of the first and
second silver nitrate solutions are the sane, while in
worhenesabodi nents, the concentrations of the PCT/BE2068/103843
second silver nitrate solutions are different. In
odj nents, the. first er.i

. C
time BB ¢S DR BBV S i Coutfh @Y e s about 6 -

12 mlhh@ RE Wék:@iqic%okaﬁnémQ Yhe datBettl ULE %ortioﬁ tﬁ&@&f &ifhsed in distilled
nbodi nents, the second tinme period nmay be about 5

water mnnmﬂesely beforestera(in arewbmdummtsly befree dedog dint ¢emgin embodiments,
ta
the coBEERRAY 4 REVE e cPREOPEY R 1R/ bl SeRiR cmgodiments, the

conceﬂ@étﬂoi &Y th28 11 9drhi@AB QEIuiBA IS abdub €4 LR o, t AnWorlABE béitentration of
be about 20 - 40 hours. In specific enbodi ments,

sodlumﬁe'abeqnatﬂﬁs eboutjIne3 %(Wg@n byt sppcifip prodadinsangsy thecfth gme period is
h
about 378 SR =R hibs SRS B! PPoL A o ERREE) TE s

than about 2 - 10 seconds. In certain enbodinents, the
cai kettsin @nbddi®eme) tHeodryide sepf of Stepl(e)aﬁue@eﬁbmd w012 - 37 C
step (a) hi_specific enmbodi nents, the cl eani

tempeé%“*i?r l kle@ee(ﬁﬁt%ltqdﬁgentﬁeth@ degee o syrel tngeofb@fsthygrpgel o, is about

he
125. bt R HaS pe kg oL RERE bieghEsRE Y i ot 125 - 220
%. I aértaert efhb@dmfehe Pechihelr bASUra6d thakddf calptbes 60icon@8pdbyurethane,
W W) ethanol. in certain enbodinents, the catheter or

or PVEhe portion thereof is not dried betmeen steps (b) and -

(c). hi specific enbodinents, followng step (e), the

c r

C PRl 7S St RS L5 Lyl st rorio v
coated b@t@ising: ay fonamg a ﬁlrsdt@itmg loach catttetsr of dite pdrtio tHb@eoZOcompnsmg

se onds fO||OMAn ste I.C_enpo
sequepally oot e s tE? a%waﬂﬂeﬁgfg {léayaasowt tﬂs Tohoming grder: a
first cﬁﬁ@s%hflh)fe r SRR IS TR  ftrath h%yef' hg ﬁ@E&ﬁfd' s‘?l@elofutrate layer; (b) forming a
| 'ut ar al dehyde 1's about .5 % (wWww. In certal'n
seconé whatigmerths cathiter gt the a»paiodlehgrdef &l@q nstlas@nedi an fopeyd dreeldrst coating,
comSThE ST L L LR oAb LE i e oning
order:€ F RS AR Ak Ssan AR f LMt RV i RSE 18Rr hisd @BSUh BlveE MikhRYayer; and
In certain embodinents, the fourth tinme period is

() follpwing gep (W iniredncing, thercashiieri o1 theepristion Mereaf, tor fglutaraldehyde
soluu&? gt((?)nélggttﬁ ?aﬁ?{)& o?'?het& 1&9{ eke%f“ nsed in distilled

efore and/ or imed ately
before drying hi certain enbodi nents, the
c Bntbedimaits may afsotchmpeissa Imeﬁtodmﬁdbatu@ s ohthtteoor the portion thereof

about 16% .| n ¢ ain enbodi nents, the concentration
fo be GPaEH i UPREISINRer PSS A SOPLETORE & Asgien 41 Scpoggon thereof,

compﬁ%ﬁ’% QéqilEﬁ‘t?al 5 h@tc'aﬂ’i@te?Br ﬁl@?ﬂbﬁmnmiéleb‘f Qﬁﬁqa%lefsﬁn the following
about - 3% I'n speci nbodi nent s,

orderf iaf fidst chitosarp &ayend ﬁst silver nitrate layer and a second sﬂver n1trate 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 (c) following step (b), introducing the catheter or the
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.
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about 3 - 6 hours, and/or the sixth tinme period is

about 48 - 62 hours. In certain enbodi nents, the
waizoppsep3sr ep of step (f) is perforned at 12 - BJI/IB2008/003843

tenperature In specific enbodi ments, the degree of

II| he hy s aboyt. 12 I n
e ARCod B A gRE Bse SF PIRG dRvePREn RS gEjer tan slver
nitrat@ma Sbeae?x%l byel2Non- ﬁﬁ@tnfg eﬂaﬁhﬁl@sr $dudh %@Qﬁﬁ ifRMeSsilviN etal, silver
catheter or portion thereof conprises silicone-,
oxidepad sjiyeetattanacluding BIGr sElf@t@dmmn tarbereaje, silver pbomhates silver sulfide,

v S0 SRR G, 5 B G PRed LS o

catheter or the portion thereof, conprising
S ¢ ik Rbhhpiat&D akdt Nghyt Renboadinhel efis@ksddhn ik t §pRBification can be
thereof with layers in the following order: a first
implegieptedswith| eyact ta a1y stethady gersypiery 8f dhe dyesntigRq apd vice versa.
s
R R A A D
| ayered on top of the first coating, conprising
s e eermsaf deperab ataunmlesik’e oc &tliffse plamrodekis” por défored as pleurodesis

rs in the followng order: a secon .
Bl T B b S o S5, B, 355908 tocaion
GeneIfaP BF Bt pYRikodebis'Bhpris&Y &ihesioh @r Eesiod 6f {}févﬁl&ﬁralsﬁa?&s that is not

b), introducing the catheter or the portion thereof

limiteddoghg [lcmaaomladwﬂlydtea sdruosingrageninid 1(1@9»d@p«9 mntg thgrpleural space. In

ctaiS thi E or th orti on (f e ﬁb ts al sg. . £
certaifl G Ting ng XA HISH 25PerE ﬁéseap SUPR e romSER AdHesiop 2g fusion o
the pleti@l @8fers & DdistRE @kbaS@OPI &hNG cnl, ) cindbiinitge Frdnh &t location in

coating on a catheter or _the portlon t her eof ,
whiclcp Rgleiosing peseicia dnroduiced,  Ebegriany npRrEnytng examples, gepal of diffuse
i r

pleur(fcf%'élts 2 ﬁfSF &9 aﬁhfé"@l&ﬂ%&oﬂ)@ r3ch‘$1 {{gleertﬁ!rln B%n?yg p?rg %gr thlrr”t"Papercent
forty pers@apndfify bmeéntmftth@phuﬂaamens (th)ceftain mondinsiting erardples, general

oat i n th at het h f
of difj é)lrlPéJgO n1stqgg ({q%g@eésie?aglpés&(gh@? t{oonnc(ngB %o tlayers !dtsmultlple
]ocﬁﬁﬁﬁ"”“ ng step (a), sequentially coating the catheter
the portion thereof with layers in the follow ng
order a second chitosan Iayer athird silver nitrate
| &perteram tatwuf ourr tappeiximetelyiiare defanddaasdreingaeldsq t9)as understood by

one of K 4 By Sy i B F R SEPURELF e cioet 1o
be wift2h 1 oveg rdﬁétabl? tfi 16! 6 V) e dr b Bref@bibIO tueithi® 1 %4, BRd st pr@férably within
thereof to a fifth silver nitrate solutlon and (d)
0.5%drying the catheter or the portion thereof.ln certain
enbodi ments of any aspect of the present invention,
ageat g Rt %flbliﬁﬁg’norls‘l‘rje&% ng¥ diA g%aﬂyt:‘{orp@f t téﬁ’ﬁsd when used in the
Non-1Tmting ex es o uch gents |nc e sifver
claimsehddor tlsd kpeerﬁcatlon includes any measurable decrease or complete inhibition to

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

9% ¢

meaning of “one or more,” “at least one,” and “one or more than one.”
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oxi de, or silver salts, including silver sulfate,

silver carbonate, silver phosphate, silver sulfide,
w@2dove603endat e, silver hali des (e.qg., silver chUTIB20e3)003843

and silver sulphad|a2|ne i s contenpl at ed that any

odi ment  di scugsed |s speci fication c
55 dbe i ‘l‘reslBetg‘? Aty e Hoieah ey bemess explicidy
indicat ol {BKE R LitdnatRRd o}ﬂy:@r the %ﬁ@matﬂ@’stak‘@ﬁﬁﬁfaﬁy e‘x‘hﬂ%&@gsalﬁ%ugh the
the invention can be used to achi eve net hods of
disclosure suppoots.a dBfieitioarths réfgesrieoaly ghlemativeremids ‘andfor.” d| f f use
pleurodesis are defined as pleurodesis that is

distri thr out ers and n

cOn RS fis Ebaney end SRuRlSFREuorE SotgfSihe? Ripgany form of
omptﬁ’zt,tﬁgJ rsQelesd Scos@PiREt Sab-cadipeises) “Bavihyrs (a0 aﬁf' féraeof havmg, such as

p! eur al layers that is not limted to the |ocation

“havetand fihag”)s Cinsludinigh gansdymmt form of inchuséng sechi ast inolydes” and “mclude”)
cogléaﬁrlﬁ%g’l’ (a%@aag\?fff) e 8? g{nét%trngl ngﬁlcgtl %:so c%trlﬂgtgﬁ ég&&ﬁ%ogﬁam”) are inclusive
or opénuiided and dé héet gxcride aﬂdlharyaﬂ wnrédited elﬁt@ﬁd’t&&nﬂb@ﬁﬂé@d 3
cm 4 cm 5cm or nore fromthe location in which a
scl erosing .agent is.introduced e
n&- PSCf Rereil eREAPIERS a@ﬁéfﬁla?n%ft&af? i t?gter i elarigg s joatheter, or
cathet‘éla@%aét&fgt féQﬂWn’qu%e?daE R heldis ] iR PlysIRI Sodth@Rvith a solution.

per cent percent, forty percent or
Non-lfmiting mmhmismf sadh ltlhfedlptltlenl nraﬂudeas‘}abmrgmg owrdipping.
non-limting exanples, general of di f fuse pleurodesis
| 2{% éfslgg ﬁ?re% re ’%1%% a%g zi (}ﬁg ol.tﬁl ! {2: t Ett. z} }2 mc udeé the standard
deviati GG or TG BE Mevidd satafhaBed Bén%_ E)y@dl QS@térﬁnﬂéSthe value.
under st ood by one of ordinary s in the art, and in
one non-limting enbodi nent the terns are deflned to

bOthgrtakigstsy é%urﬁt éné pdyanjasss ohihe mesenhiventinayidk bagpine apparent
from metiﬁ lgwtlrlé’ de?eﬁﬁ-:d'&% &Rtoﬁf a9 ailuyd B hﬁ&&st@o@%‘fow@b@r 'ﬂ'?a”c @i‘f’e detailed

It °ng’ cing" or any variation of
descrtpeom‘rmnd\mﬁeaxampids I\mhlid'tmdodaangspemﬂ(t embbflignents of the 1nvent10n are

. specification inclu bl e decre
siven Bt 61| HRRBLOR o o ACHHGTAIY Got FUTCPERL: Haygbanges and

modifi@kibhs KithGE eV Spirit aRd tst?@ﬁe LB inYeMRRAWIID bb&ine apparent to those
specification and/or clains, neans adequate to

skﬂk@ot&mpﬂdkhndnﬁéﬁmhﬁﬂkﬁgxﬁﬁmted or intended result.
The use of the mord "a" or "an" when used in

conjunction wt LerLm .60 in the clains
and/ or the speci {%a |%ﬁ“ﬁ%ﬁ(ﬁ3%%ﬁ&%ﬁe but it is

al so consistent with the
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 illustrate experimental results using direct daily dose injections of

silver nitrate

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

doxycycline.
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nmeani ng of "one or nore," "at |east one," and "one or
nore than one."The use of the term"or" in the clains
WO 2000060322 0 mean "and/or" unl ess explicitly i neCTE20ek/003843
to refer to alternatives only or the alternatives are
nutual | y excl usive, although the di scl osur.e supports a
dBfeurd 3 illl}ﬁtr@%@ tzhie af & St@@daét% Byadig SEteR Pspddo gruate experimental
‘and/or." As used in this specification and clain(s),
he words "conprising” (and any form of conpri sing,
such as "conprise" and "conprises"), "having" (and any
f Bigwreo6 ilhatratey 2 gagthofexpttimestal tesdreStléssiom o' ¢oatddusditheter dosing
(and any forntof cl udi ng, such as "includes" and
S“ﬂquH%PQH@ ?nm%gnxgﬁﬂtaining" (and any form of
contai ning, such as "contains" and "contain") are
| PRupS 7 RuBatedREEb RIS paidestal R reONE! fsle aacididd @ftdker dosing
unrecited el enments or nethod steps. As used herein,
study Yising nsohal ianigrial smedelar i ants thereof refer to pIaC|ng a
catheter or catheter coated at Ieast one | ayer as

scri bed h
SR 39505 LR 0L B B it speimen
Wﬂhaﬂﬂ&hﬂﬂ@a&ﬂ@ﬁ&hghBQﬁﬁﬂﬁmdi@pﬁm@ As used herein, the

term"about" is used to indicate that a val ue |ncludes

the standard deviation of error for th?@ﬂFVI e and/q .
nEINERIO Bab APheinsr MORSRENE th 0SS Pt spectmen
t pacd & AlthQd¥RMAGaR@f the pr esent
with aﬁﬁ{:}gr%ltsigcr:] V\n@ﬁtt?mg}é%%rre apparent fromthe foll ow ng
detail ed description. It should be understood,
higwepB istramicrhwogist imadge dfddewspdqsis nthareurplespace of an animal

ecific enbodi nents of the
Spﬁmpﬂyg%¥?§W$ﬁgFgﬁgp¢gﬁ§ Seﬁ%hégf illustration only.
Additionally, it is contenplated t hat changes and
nMpgiukd g@tid @gﬁpmﬁshdlbllﬁgﬂtﬁwoﬁﬂidléglcﬂ fibresisoqeeresfof tragted and untreated
i nvention W 1| become apparent to those skilled in the
contred pleural spaqen for cgelt Upat@gEERi pti on. Brief Description
of the Drawings Figure 1 illustrates a schematic and
S@%u'r?'ﬂogé 2\ud oPEleﬁ?&%@Q& e £IPR ISLPBMM S trBat6@ B Ser nitrate
nstalled 1n a pleural space. Figure 2 illustrates an
suamamhmﬁhawyﬂbm@edlnent of a catheter. Figures 3A-3C
iIIustrate experimental results using direct daily

5%2113&% ﬁg elfltécrvd%%m trreéel %or mldg}i'& ea? 1&&’% 4&111}&1}1/3 treated wtth

result%

tS usi ng rec

sﬂan@@aegﬁmﬁﬁ&henegﬂﬁﬂdmxycycl|ne.F|gure 5illustrates a
tabl e of a standard gradi ng systemused to eval uate
experi ment al
igure 12 is a graph illustrating the release kinetics of a polyurethane catheter coated

with chitosan - silver nitrate gels.

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.

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

chitosan - silver nitrate gels.
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results. Figure 6 illustrates a graph of experinental

test results froma coated catheter dosing study using
w@2®mebd32ani mal nodel . Figure 7 illustrates a REDHIB20EH003843

experinmental test results froma coated catheter

dosing study using a small_animal nodel. Figure 8 is a

phot ogr aphDetailsd Deseriptiep ehexegmplacy Bathodimgitsof an

ani mal specinen with a pleural space used as a

¢ Rgfeﬁ‘z}#ﬁ(ﬁ)& ?Agth% %%él?iarf !argﬂ&ﬁgﬁ%étg%l%\g? iR 95281 aPhoracic cavity 450

denon ating the 0Ss pat an ani nmal
compﬁseleczl might ehtithargxl 800,ak lsfiabenitheat SP0pyand s usachénd@0. Right
~release catheter. Figure 9B is a m croscopic i e of .
hemithgrt, 00 STBNSST § RIEU Saen 2 SpaRE 6T S TGl M SpRephanviscerl
layer 2362 3H1ich %Joﬂ‘ﬁﬁss%k' St Gthe ﬁ(ﬁaﬁ%_ﬁfhﬂ?p%ﬁ%emiﬁiogﬂ - $0(PSomprises a
I's a graph show ng hi stopat hol ogi cal fibrosis scores
pleurab fpace 840 betvaxu aypatictehlayer Tldrandal viptesal dairer 3p@cekich grcompasses a

e 1657 A CEERHCP g4, EhE o Rolian b Bk Balfa i povide iy
andd&ﬁlver nitrate sustained rel ease catheters. Figure 11

i's a graph of pleurodesis scores for individual |arge
animals treated with silver nitrate_ sustained rel ea

c Binden eertain qngisioas describechelgevahse i thissdipdosurgy aignral etfusion 230
. r i i I .
o s G| RSFOR 3P PO MIERLNSARCGAEDE! B RAGRL s 20
In ordgf i&plﬂra'iﬂl Elﬁlﬁﬂ aiffusi@nt 130 sredie&om kiened ispacedfS0aa catheter 100 can be
) pol yur et hane catheter coated with chitosan - silver .
insertg| wfuplEuGLRRICE Ppyy i AXTTEPIgryERImERtSBO YR sl tsr1Q0 comprises
proxir{lﬁ! &RASB oKL HFSHI eid 910 3nd h kE1ERRR RN proLittaf th Wisfallend 110. In
chitosan - silver nitrate gels.” Figure 15 is a graph
certain bmnbedinsntsn gathéter 108l map be koupdtd osa efgativespriepssiohdevice 140 and/or a
catheter. coated with chitosan - silver . nitrate . . .
contiget Lt bo SR TESEI IS BT B R ST DGR elgveight device
capab[eb £ trehifgs ﬁ%ﬁﬁt@vet PRsR¥& P cath¥te MDO dhdgiMéurslhgpaBe 280. In certain
Figure 1,  a thoracic cavity 450 conprises a right
embodigreintsh oregxtivR0 Pressurf edavidgeFiayhby CBI0, PR O Y3CHBMRe SOMPIessor.

Contaélr%g'wﬁal i9 rc‘:%nﬁgured to receive and contain fluid/air from pleural effusion 230 as it
drains from pleural space 250 through catheter 100.

In the exemplary embodiment shown in Figure 1, distal end 110 of catheter 100 is
inserted into pleural space 250 so that the portion of catheter 100 comprising sclerosing agent
130 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
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
130 may comprise includes: doxycycline, minocycline, tetracycline, talc, bleomycin,
doxorubicin, proviodine, TGF beta, mepacrine, other antibiotics, other antineoplastic agents,

and other cytokines and biological agents.
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hem t horax 200 conprises a pleural space 250 between a
parietal |ayer 210 and a visceral |ayer 220, which
weponpssses a right lung 270. Simlarly, | eftPCT/IB2008/003843

hem t horax 300 conprises a pleural space 350 between a

parietal |ayer 310 a vi scer al :Fr 320, which

e FHREBPIEY fanb%iﬂmemtﬁm @ath?ter 180 i8r §0 dpr spstaipgd-gelease of
sclero§fi AERE T8 iRGLLRAF ofIRY 90 S B 08a kR0 RV T8 ey dg cortln
examples ewleﬁrsmg agehhil 30 maydieaelﬂsamd @vep qurladi oﬁhfmisnanglng 30m twenty-

or air ca ccunul gte.in eura
four oy 8 rpds- BYG aipsreleeanng agenf 470 (5507 Tl Qi ap tended
penocfir 8 tﬂl’lfpll?&li%gll&’feﬁ U htopbterfil %Edeaéf'fecftsr AITARA %‘ Rd pRRPSRsis can be
, catheter 100 can be inserted into pl eural space
m1n1nﬁ5tﬂi | Rathére themeimpécting &nbmrmng aghotwn ac singlst dese1Ghe agent is
ri.ses rOX|naI end 120 t al

admiS P 8 g A BT DY ok f ey 31 S eyeothafpe selerosing

agent G2h 1R MnSARRIEITBNE Sevel JLARIG td ABhiBRY tHRed&aed phAirddesi8, yet low
negati ve pressure device 140 and/or a container 150.

enoughetganedw pde sferte comnionewith ginglmndese admjniswgiiqns. Such side effects

iR, B8R e LB s, vt

100 cdRbe ihsertegrih@ pleebepice®T0Seon BE @at-patenpbestsu ISﬁcl\ﬂ @vproeedure can

may be vacuum punp or vacuum conpressor. Container 150
reduce diegnt agureanverencsda thepatisnt 106 Heaing RleurpletBisiontZ38m

pl eural effusion 230 as it drains from pl eural space

250 .t

SRRl E3hAGhR), SR 009, Ry 7P I Bcdimens
cathetiend 60 icenhpiisdsca gikle urma$MQ 1 25 @ $ailithtatdreinegepof plewnl space 250.

cat heter 100 conpri.sing.scl Si ent. 13 s.al so
Other AERRRFTEHS SR, FARP it ioasT SRy EErish Tolahn oo gAbse hole 115
prov1§éé|a%rag§itﬁ9al%ﬁpfor 136 S0P B8P irfto IRh&E BI0 inTHE Byerbthat distal end
Ilver nitrate, that pronotes inflanmmation and/or
110 Shcvlbdbsqosnﬂciﬂo‘fd@dl etal layer 210 and/or visceral |ayer
220. By pronoting inflammati on and/or fibrosis of
p r r jjsc.e
% e%s%]xd% ﬁ@%n‘% 13%1%?use d 1¥ Oh\égCﬁ("lél é@iéetgl‘g%g(? a Gﬁe g)'fer#{fn? methods,
1ncludlih§ Wu®des i limitddhite i doeﬂnig,tsprﬂmegg edippinpe surface impregnating, etc.
re-accumul ation of fluid o in pleu spa
Specifis ¢mibodiagns P%&Qf@égtaﬁ%d?scwé?f Hothg ssetip ?%ﬂenﬁﬁ
Coatdfddipdggs/ PTX refornming. In other embodi nments,
sclerosing agent 130 may conprise a different
material, or conbination of materials, than silver o
nilf reattain otbglimeritsy th vge Ioifsmgaifveaxewpmdwmt%} maly lso assist in

el EA RSB BB B SORRE LIRS sont may

be aplR@MACIaNmethod such as that disclosed in U.S. Patent No. 6,287,285, herein

ed 2‘Ig‘reparatlon of

incorporated by reference. Negative pressure device 140 can assist in providing apposition of
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
layers. 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
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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doxorubi ci n, proviodine, TGF beta, nepacrine, other
anti biotics, other antineoplastic agents, and other
W@ 09k60325 and bi ol ogi cal agents.|n exenpl ary PCT/IB2008/003843
enbodi nents, catheter 100 is configured for
sust ai ned-rel ease of sclerosing agent 130 into pleural .
shaeleings S Geasrbeaoupled dnaesriiye pregtiite evips L0 fopapli afcpjmulation
of ﬂul%%a%'&(lﬁfo%?d S 'i)?e?llreﬂgsﬁag&e%& 130 B8N REbbginkase doRMler 250 has a
period of ti1ne'ranging fron1tmenty?our hours’'to
capaci®e o€ rapprodtatustelyByOGInitilitery, swd é&r osnovgbbysatired30 tegabee pressure
. rel eased over an extended peri of time, it is
deviegy & e GerHRCTHROCEAF S coBtaier dBPn oY beragyep o gatheter 100
and/ox?llﬁe?dgi C‘? E&Jsﬁug ABviLE sMtit ToR@frer R8O g@ﬁ bt Reptiedio® Fhuid drained from

rosing agent i1n a single dose, the agent is
pleurahdpacei 35Ckr do dertain subodiineety, rasmtainas\vioay depwuplsd tof the catheter
o time. It is beléeved that the sclerosing agent can be
without AREGPUYSITERUER 98Y19%y el sufficient to achieve the
desired pleurodesis, yet |ow enough to reduce side
effiakt 8n GREMPRArMcbodiniét &s dRsaritdnhéreisl natidnge ubddstood that
_ side effects include patient disconfort and pul nonary
varioug gnpdifieatiansfg  the rlinftﬂ@(?(f anch SEsiere diapeift Bade yiitheredeppoing from the
o be insert ' I aly s 2: :
scope e praR b Eod "* & BaficinRRPetoll PG RIeogipg agont may be
differ&@$d othBferhbadineen] Fotkertnord, hiee pgtiéreial recatidnr efatdpadn any claim is

pl eural effusion 230. One exenpl ary enfjodi nent of .
not a geguprsIIeRt e thesstepohir Ppﬁomilf‘&uglgafz gqfﬁg‘ﬁﬁ‘i gf%gﬁﬂﬁ’g*‘fsﬁré’ﬁ‘%emse SO
gqcatheter 100 conprises a side drainage hole 115 to
facilitate drai nage of pleural space 250. O her
enbodi nents may conprise additional side drainage

h&ramratiirdef Qoaded@atheteot e 115 provi des an additi onal
path for fluid or air to flowinto catheter 100 in the
event Mullidistsale.ggngbld, 19lveh appbrh baene bislad sipeeirum antimicrobial

. .Sc)erosin t 130 can b led to.catheter, 100 by .
activiGS DB ok Rl Loty g Bt St FRri Bor By predlation of
bactersficBlonRAlibNBn cHRE@MI (Vkki 6 AD1DYS; GrekfrCeal NMPOS8IRAI 61@/., 1996).

etc. Specific enbodinents of coating are described in .
The silyre igwscare dapdsitedwn dhe tatheter asp 6@@@%% iob et licsiheadypically with a

.. Catheters".,In certajn. i
oL AP, PR Skl s i
(Siostaghil 6991{;@'1@5{11@1451,82%9@; giciisham_raheﬂ‘@birﬂ, a995; Bilfbaanxer al., 1998). This
vi sceral |ayer . Sclerosjn ent also b
technelpgy hadbsen aprhed Hoerthgien Hé?_éietq% a?ﬁ%é}flw%ﬁl‘%w depther polymers.
Curreﬁ@}%,z&'ihe[t\g}s vﬁltehzéyveg %cr?atirgg rel Red NEOERRALRH ¥Yh antimicrobial agents

if}
Fence. gative préssure device 140 can assist in
such previakaguapbbsidei(BEQ(Lpardlotl 99) wlyieh hasigeeanidposited on catheters

mader E)?)gyrugfl;tlpslm%y(ﬁaklz %to al. ,%99? Hce:r?tgc}{e? grlljc? E/Iutnlgt%dL ilb%)i eIQn os?lic%fne (Raad

et al., 1996). Methods used to deposit silver ions on the surface of catheters can be classified

state

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 nitrate 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).

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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accunul ati on between the |ayers and allow for
scl erosing agent 130 to effectively fuse the |ayers.

WO 2002060320 n enbodi nents, negative pressure devPCEIB2AGB/003843
provi des a negative pressure of approximately 5-40
centineters of water. Negativ ressure. devi.ce 140, .

chelatigng Jeaciop jbsheeey ESERWoWnée\?ﬁE% (S%c ﬁn‘fls\s %3318 hé&?smﬂng with

glutar¥iBbRe, Bf:’t(iif1 REAor PedltiStY BREwdch WHito®in 8hd sflV@Mon and finale a )
retdrning through catheter 100 to pleural space

reacti@blikt@oet ciitosan dsBitewith bidvar dupimsichyabiromgatidve pressure
device 140 to capture accunulation of fluid/air

renmoved fro | eural space. 250..1n certajn . . .

e REGHTRE The Chedaianiaeion S5 Ty, f §amply¥ pyith the silver ions that
has mARIHe@PHYBibEh¥mRAP pFapettics i dn@ ' stiperditflledutar s@iBNEN I The supermolecular

secured to negative pressure device 140. In certain

modifioatien consistsof asrnsirrmation 96 theathitesas; molepwd ppineselytiosrfrom a helical
catheter. 100..an [ ti Vi Ce. .
sruee i Sriuion 2 REPled YR, TXR: SRERRERE BB QERISR SR the siver
jons byl v ddr Wads en® idic forcserTiad physiodedntiea tsodificationt adandforms the
~ may be coupled to the catheter w thout a negative i
chitosp fosa hydrogrly i1be dogaer 0§ saellimecfihe hyress) dapsrioh onithe concentration
oi e ; s U A
ot STSERAP NGES) B - B MBSO e oo
of thavdegreeitofdedasgel ngeilingist fealizeiopy teb tokthods:es@nt crosslinking with
g S S BAE 5 T S2TRESh i  Son comples wit
a baseSITRABLIRIU St arfd M85 TR LEId. TS hEYEIR tdﬁ@hssﬁ@ ﬁéﬂeﬁi foffl iRéversibly

steps in any cldimis not a requirement that the steps
and mg el filveniods ata eangtaptiratd ever imepsudbras 2urdeiss ot her wi se
so stated. Preparation of Coated Catheters Metallic

I ONs . g. ol d Ll.ver . .
38 PP, BB L e FEP G IS, B BiaRfbion gog poveris
of the SahéRhisavertioarl cath8®8) inclbii¢:ver ions are used for
prevention of bacterial colonization on catheters
(Maki_ et al, 1988; Goeger et al, 1993; ad_et al. . .
- 1356 phy%ehegmp%léaiaxaswgs%ﬁs@fa%epggi%@a %\_ﬁ n%%ﬁ%cu&aa_tm?éf gf chitosan is
anyA a‘é}lg%%t&%ﬁt%?foo@‘% gbb,’o@o %}&M%&\lﬂﬁ ¥igied lo¥ YedhBorR(DA) of 18-

ss of < nm by a process utilizes | ow
t 80%er at ure vapor and a | arge vacuum (Si oshansi, 1991;

Sioshansi, 1994; . Siashansi. and Tobin 995: nbauer .

* B RoREBisHon FHPE SRR BEY S BEACARH PER ot in @ soluton
C3t o} 8EcticRELE iOfypidally WRAReenPLLYIEYE! TR @ikl (1 b&icentration, the
polynmers. Currently, catheters with silver coatings

athackes € doatie®bi nation with antim crobial agents such
. ﬁi‘gg Egréﬁérg@gegéi hge!;;:lh%rﬂisagl:%og@i%e%)r é}(eL{em%tEra%re id %%%all%"@qto ensure
proper coating thickness.
« The concentration of silver nitrate solution: the concentration of silver nitrate solution
is typically between 14-16%.
o 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.

o The drying time after the coating of the chitosan-silver complex is typically 24 hours.
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made of pol yurethane (Maki et al, 1997; Hentschel and
Munstedt, 1999) and silicone (Raad et al, 1996).
worboes221sed t o deposit silver ions on the suPGEDB0ES003843

catheters can be classified as folloms (i) inclusion

of S|Iver nanopartlcles (Sa and Guggenbpi chl e

2 Gaayples of methads 9f njepariag é@é@g cAthtessy %’a%ﬁ%%ig&%e mffa ghese factors
and (RSB RARIn RORRribMHBRS o1 & . 16/ showed hat

ver nitrate a nistered in the pleural space is an

effective way of producing pleurodesis, and silver

nitrate is a known scl erosi ng agent (Bouros et al,
ExampOD; Gallivan, 2001). The present invention regards

silver nitrate hydrogel s that have been coated on the

sur f ace ofPrppanationtolf @ibtosmil Ay’ IGoaeskCattichet and. To

create the coat |mg,ssﬁﬂmn§lmtfh@m5ram%gs wer e
enpl oyed: a chel ation reacti on between chitosan and

Sﬁl"“ﬁf"n'mﬁﬂi*‘f‘ﬁbg owed by (i)chelation reaction between
er ion and finale crosslinking wth
gll'ln %%m(fdgci’til %5[14({1!051) ﬁ‘lh§|1 ngﬁ gf%ﬁsﬁ{eﬁq{hspef Ve&T concentrated

ver 1on and reaction
acetlclaeidlwﬁ%) ahd 992G mih doltdt disglled Whtes (Widerut Chrommsh eere combined.

h ic acid. Regardin he ch tion action,
CHBeb i Fifsansobeir dh & o O8F et 1% 36etiratid spltion and
18 ¢ Jmﬁitégaﬁ(&y@wﬁmsémmtﬁ Aborb& epséewlaﬁma(m)w@@%mhea%&af mass of
structuré. The supernol ecul ar nodification consists of

585,000 g/nmichneerecb nThrf salitencas agdtatedmotibell bEtheichiteph wasgissolved.

from a hellc re to.a rand a
The el i b Erue LB grih s’ SRHERE, oy B AiREfRgma cotored
part1c§3b| TRE s(;l@ﬁ&l@ys N@Iﬂaﬁ% Waal s and ionic forces. The
ysi o-chem cal nodifications transfornms the chitosan

t é4 % o) oedr nimaee spdutiers Stilvenaitrata (P op) ek daylde sliggilled water
rati t sidyve r
were SERSALETYERBHERPGoR B gl I8 LA B8 oot o oo
tempesetta:keldndtojat@ﬁtdehghtt r ol of t he degree of hydrogel
welling is realized two nethods: . (i) cnggpﬁan|

m%fmsmm@de stfuins) Toadi0hg! ereusied Hpsky dyal of aqueous
98% %J;lutgdgil %Pgﬁf‘arﬁg&})@‘et ﬁ%&y' Pl eﬂHTﬁi; wWitd: v RRIRE to the fill

an- Ag+ and uronic acid hydr ogel s
mark.di scussed herein forn1|rrever3|bly and may elute
silver ions at a constant rate over tine, such as 2
weeks. Cenerally speaking, non-limting factors that

i Siég&nﬁﬁghbﬁlﬁr&nﬁé ﬁ&étqg@r&mﬁg &mafsa@fA%*he
osan-silver coate eters | ncl uage.

ph‘}ié'sﬁrfg&em aRl a@lﬁ@é@%ﬁr fisst lcfean&f whthea OBV Q5i8¢bn bhethanol and
mol ecul ar mass of chitosan is typically between

finally@idedd Olhe tliiclotss ofbie goatlg andithe quatdigy ethsfsilueretoptamadatepends on
the co&u?é?tra%gn ]6§ fhezc%%)osan 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.
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 into 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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The concentration of the chitosan solution: the

concentration of chitosan in a solution of 1% acetic
wW@ei0d06es22 ypi cal |y between 1.4-1.8% The hi ghePCT/rm008/003843

concentration, the thicker the coating. The

tenperature of the chitosan solution: the tenperature

is typically 5C to ensure proper coating thicgkness.

THBtepcBh Amplieatiomef te second lavier icoat af ehitosantAe” qomplex to form a
chpdengel ati on of silver nitrate solution is typically
between 14-16% The reaction tinme and tenperature for
t ﬁellmhmgm]mappdnoworr@ therfitsh layclatahfé wthoutndtyingeths ichtheter was rinsed

i ol 858 PR PR s S SORREAD it .o

held fbypln%ﬁhdey TheleBond 1EhE WhY 8d0siidd Byverftd e bf tHREfiSORYEN dnfthediately
he chitosan-silver complex is typically

4
follovtingtiss Gpaing . b st csolippaddpt 3onp% Ga(vksilver nitrate solution

ot R SPGB 5 RSPt 1% o

silver BiteA@ et 2PRoek. Pk tcopatrdgors Bk %ﬂvéﬁaﬁﬁlﬁb @61$1tlaﬁﬁjwere evaluated
Crosslinking with @ utaral dehyde Sol ution Preparations

and corgectegyakier avesy Pd0 4¢P sol ut i on In a 1000 m graduated

];anﬁg g u%%g oghg{rogﬁq ggr%ﬁltnlg ? out 3%60 ?cgﬁré?c@on%s%% hours to

wer e
o= lenibi' nesttiod .tB%s(o¥ 29 hotus} Q&l&ﬂ: & akbpriesenrs tHendear&: of swelling: o =
xer, 982 nL of 10/acet| sol ution and. 18 f )

((cauiBhi e aats OF P OrNEsH i -dbg RBemBihLEians PUpest (g weight
fth oy foi. Mol ar nass of 585, 000 g/ nol) were added.
© e{nﬁ/a gbﬁtl(gn was agitated until all of the chitosan

was di ssol ved. The solution was centrifuged (3500 rpm

to eI I

TREER 2 i SPOSAEH, AN-AD 1) }
s&l_‘l,t%ﬂ.?ﬁyﬁ-l ver nltrate (35 9) and doubl e d| still ed
wat er were added to the fill mark of a 25

gf qHomingstensaA kand B ethe rerarerh cg\t,ggteksewgreal?ns'eg" dmdistilled water and
dippe& B E g(f(gléﬁ ygﬂgiep %ntgﬁmfgrheo ngéhgv/\x@ s8R U0k \Mf?’]utaraldehﬁde and left

gl utar e solution:” To a gradua
for 8 Rimitesof Thepathetess were then given a final rinse in dlstllled water and then dried for

48 hours at room temperature.

Example 2

Preparation of Catheters Coated with a Chitosan-Ag’ Complex and
Hyaluronate-Ag' Complex

Solution Preparations

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

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 hyaluronic acid and

99 g of water were added. The solution was agitated until the sodium hyaluronic acid was
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98% sol uti on of gl utaral dehyde were added. Doubl e
distilled water was added to the fill mark. Step A

WOppPoersei on of the first |ayer conprising chi ROBEB2OURY03843
+ The surface of the catheters was first cleaned with

~a 98% sol ution qof ethangl and_ final ded. Th
dissolyogh QHRBR Sck 0. TBRETRGOANES kel GBS gSar g was brought to
roomt%h'lp%él%rturgg%%ﬁk%d depends on the concentration of the

chi

osan and si [ver nitrate solutions. Wth decreasing
concentrations of chitosan solutions, the thickness of

t Sephy:dneetitaticinf the first dating koved witkha shifosanpA€ solution
errpi oyea_ a 1. 8%(vv/vv) chitosan solution and a 14%
( oMmesislovgtrodddurat e sol ution. A 100 m cylinder was
f5|c||eﬂ with a 1.8% (ww) chitosan solution and kept at
. The portion of the catheter to be coated was .
subrmer §becatheterstae siane ‘GYH'}el a?%%’ E‘gfﬂ‘ﬁ 05101 {0 FRageand frigd. The
thicknl(égnéfréefﬁﬂ% t&%ﬁlir}b%d e (ﬁﬁ?lti ALAYRL SlivarRenthided dbpind® 8H ¢@RJconcentration

into a“precipitation tube that contained
of thearhit@¥n (adwilver | nitratensdlutatne. Idithitdeorsasiiig eoneniratienss of chitosan

e b B0 Lok 431t T SR o1

(w/w)rk%ltit()?atneso?lﬁidﬁt. | PRe EMceRGattRUS Sthots@PerBhitrARMoh@ R @R d¥termine the
the second | ayer coat of chitosan-Ag+ conplex to form

concentriticdr aftbe sttedrliowha fpyeiseandgbe iswelling prerertigsetheriepk  Concentrations

I r d,w t hout drying, the cat ' i .
wetow U R o S MG BB 8 comai
sufficRft $itvieR Thdfaydr- Bitp b af Ripicd88 Bolatiors @nd arechtdbalitgt Wilibeveak. To

_mnute. The second | ayer was deposited over top of the
stabilize thetlayexy snder|thess ¢padiEpys, CEISHEIRHENR P empmeggsug{t gpwith a 1%

th t [ ' .90, i Ly . i
vl S R PR s ) s
nitratd) f&CIxRmMpRY, bevidathe nebet isateraslinkiag agot int thesmafned 8%

(}/v/vv) silver nitrate for 24 hours. The concentrations

of the silver nitrate solutions were eval yated ang.. .

c SFMETBYe df 3 GBpyal T pegadtne Soingfifkacyy With increased
tempet @A) thiMRbdsi FYANY kB Ss LERTAIB FecBEHREU.T For ERAAHIE,0N temperature
‘ tines of 3 hours to d& = 125 for reaction tines of 24
incredse tfrosn SAfep 208Criepltssiona deerpasedadress thickaess by Mo Howsilicone-,

i bri h 1 d '
IE T R A T
empld}dr B@ehotfeddHhhendeti @p uss a fangmgdtimekessghaf Other in the range of 0-3°C

cat het er - deposi ted chi tosan- Ag+ hydrogel s w tl}
because the thickness of the layer is significantly increased and it 1s difficult to control the

uniformity of the layer thickness.
Method:

A 100 ml 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) silver 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

solution for 24 hours.
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gl ut ar al dehyde Foll owi ng steps A and B, the prepared
catheters were rinsed in distilled water and di pped

WO 2109/0603200 ml cyl i nder containing a 0.98% (w R§T/IB2008/003843
sol ution of glutaral dehyde, and left for 8 mnutes.

The catheters were then i ven,a final_ri, nse in,
tep B Application of the second layen e fosan-A¢g  sglut
t&@émﬂtre Exanpl e 2 Preparati on of Catheters Coated

wi th a Chitosan-Ag+ Conpl ex and Hyal uronat e- Ag+
CEapPier B3ofi iramphe Paley#r ati ons 1% (W w) acetic acid
solution: See Exanple 1. 1. 8%(vv/vv) chitosan sol ut| on:

: o ' mar k
The soI ut| on was kept at room tenperature and out of
Eemmegmonpr%e(dmw sodi um hyal uronate solution: In a

gtﬂés pogli ¥al YspRi 6r aghidrgahd - &hiRbatREe has th
wer e aaﬁﬁ%i’e%l(ﬁ&ToeOd{s]lo ﬂ%rlhon Wa%éqagfltgt ed unt11 the %o ?uma1S ©
advanha}gal of angmemrtigd theastissat] wé dthe acathatets 3nda hioumisl) enviitpmment and

n s ke he, refri erator was . br t .
diminfeges b APeenbe dallip 06 P crSets S derdRiod B 3uepr . This
layer 519@1rfckra§és tﬁ@ﬁbb&ﬁpétﬁ)ﬂ%& aWdl te S%R@Ilﬁ'cfap SeteM@atichI Wil &@Nons.

Comments on procedure: The catheters were cleaned with

98#tltdhanol prior to coating and dried. The thickness

of the at uant [ 0 h .

cont ai %Bg%&g E’tehe éﬁPeJ i %% o%" (wa) S%luttl%% % sodium
hyaluRngteSdrdviedpt Hort 4 EHoﬁrsS (Ddﬂnlgotﬁi% ﬁ)éﬁ'oﬁh tiecHiagi-Rghluronate complex is

concentrations of chitosan solutions, the thickness

formegh STheyerthsies Veontliengreatedduich @aoe (Wi soluionngf glver hitrate for 10
mlnutgm&)é?tﬂet%rsjwé ?l{e}{)(/dwedcf{ﬂ lg)ﬁ(ﬁﬂ solution. The

concentration o he siTver %rate sol ution can
determ ne the concentration of the silver in the
| ENPEREMENTIN., PROCEDYRES € CONFERM EIFECTIVENESS
Concentrations below 16% (W w) silver nitrate are not

ded b t h ti ._not t ai
< PP TOTOHEE SRR S reairg T GBI An OLHinegiiges to test
the m&@b& drdipp@Aaths dRRlos eI thistspedifitdtiohe weak. To

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 lower limit of
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
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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stabilize the layers under these conditions,

crosslinking may be enployed, such as with a 1% (w w)
waatoanése of gl ut aral dehyde (see Exanple 1). WBGCHIB2808/003843

concentration of 16% (ww) silver nitrate, for

_exanpl e, avoids the need to use a crossl|nki ng agent .
while 8 yeprgpentyegipRlete Planpeyambyes & %mrf'a@ﬁﬁ ©7 Bighpr %é@ggpy considered
. yell ' Lekness. Wth increased
ConSlgtieggn%?]a ufgégg@kglgﬁ?:aéﬁiess of the layer is generally
decreased. For exanple, a tenperature increase from5C
t o0& clieé Mdtlsodsn a decrease in |ayer thickness by
50% For silicone-, polyurethane- and PVC based
A tot%ﬁ@pfrlgz{/ grgﬁxa}é@&e' Peadll FXRREIEN L8P A6 Wel hipate, Pineh&s, or 10

t I's not recomended to use a tenperature
mg/kd. essmblsgn=2)0@ the 10 mg/ke grampgecapfedoordyrtipetingle day kngection, animals
t hi ckness of the |ayer is si.gnifi tly i d d,.
R i B e B AL TS 51T, Ao, s
animal¥nCk B &SPest N&Ieh‘ﬁﬁi%e_ 103 119%/15%((&21’ ér&E%rred@&dfﬂebéa@éﬂ #ijdctons over 5
and kept at

the chitosan sol ution _ C. The portion of
days arH¢ days.hEherestltrweresompated vwidathe dlaselo goBpRMFaEPHY avhich were

.t sol ut.i on and. ke or m nyte 0 . j .
siven SRR RILAPRLYGT GG Lricht FhePBaLctpsr et b RHd 468 a caiy
draindge €At (eteadl bOthetttdatndn bricd) Mhiarigdlsarerd 83thiniret) arsli plsteodesis was

nitrate solution. The catheters were held in this '
scoreds ggegrdingtof the stEndAré seasing sYFemERPWEaIR FigEsS-t hen
i ntroduced into a second solution of 18% (ww) silver

ni tg e obuti oglirfleor 24 hours. Step B: Application of

%%—@m—% | ayer of chitosan-Ag+ solution to

A%Egn&rg é&ygqr@ggi% pﬁéﬁ@ﬁ%&?}g e?g%{m%%ﬁ{?%;&sl fllbl '\\lzleduaIStSIEe%irr%ns using
doxy%irirl]tl{éé %ﬁﬁ‘l’e?ﬁ%ﬁ@ ghmxtem@s;ﬂh{aglé%hﬁm@ﬁﬁjﬂg(me GOFRLEN eurodesis scores for

nts oce : e application of a Superficial
the speaymensobashy ainudifferant aondentfativns and Agys ledsdmigstration.  Figure 4C

.advant gge.of au nti t he,el astici.ty. of e
provid NG Frpr RSP ACE RS O ER dedh i i8hes the
dggeaswedt spdtddi eclie tdose &t doxsaycinginltRgansdel is 10 mg/kg as a
~ deposited in steps A and B. This |ayer also increases_ .
singlet dseblo ourrratial tsxperimgendn this Resesgpaierite agneasoiseterifrhe | blsing half
this dgge a |§ r\ﬁ%ykgl r%BgatedVg\;eIi] %ddays did not result in pleurodesis although a score of 5

was obtained when this dose was used over 14 days. An even lower dose of one mg/kg was

ineffective at causing pleurodesis whether given over 5 days or 14 days. As such, for
doxycycline a 50% reduction in individual dose can still achieve pleurodesis when repeated
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%,
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 each of the 10 groups, and a further 2 animals were tested at the lowest
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After step B, the catheters were dipped into a 1%
(ww) solution of sodium hyal uronate and kept for 4
whowwpe6032uri ng this period, the chitosan-hyal uPGHER2008/003843
conplex is forned. The catheters were then treated
solution of silver nitr

with a 16% (w ate for 10 )
dose ngRALAS Yo Ee Efgglﬁe?{- dihs THAE ViR ROTPAEY Wil ha glaghsy groups which

- T SaTh
v Tl TERER 0 SO G RS s v
admingstangladier af daplyodretiage sAt thet @sit of the wethenispeaiod, the animals were

apparatus disclosed in this ecification., Exanple,3 .
cuthappopd BlEUFReRS SRR BRROTEIEIS e, SeBis) SEPTHB DL (shown in
Figurd®), DRk of ilulll inflatREiHHR and HAEHSHER 2160 Evalll. doses of

scl erosing agents could result in successful

pl eurodesi s when adm nistered in a repeated fashion.

URiendtsdeitt Silvko dagatef silver nitrate or doxycycline in

decreasi ng doses starting at the lower limt of what

hasups 8Xi fasidés Raghle eilP ek Reinichtd) eeilth @Ftihdi@idubldebidiens using

_ decreases in dosing were adm nistered utilizing single
silver ddtyate,5whiidsy Figurel 3B qagvidesyh fabhe sunrmenziag ithapysyage pleprofenis scores

for th!fi %ﬁ%&lg%@s;ga}ﬁ(g %ﬁdiff%%ﬁ@&fn%e%?ﬁ%o%s TR fd]razsg ?g gdt%ﬂfstration. Figure 3C

rSeverl ide e

provid®$ RE piaPRidaISrepRisent St b theodbultsnpravidad bin Figmel8B. oAAs illustrated in
~ pleurodesis which has been extensively utilized in the
Figurgsj 343 Coupessiplopleyriogesis seaery (exerieretnan QF saval tomd Wige jaghieved at
conceﬁ?at%r@l & 6.%@0%”\7\/59{5 ttﬁce rdogagga\kfils Q@ﬁlﬂ'@é’(ﬂ%& afaij auddays. In addition,
pl eurodesis 1S score gra one to and 1s used for
succesfif ghamaddsisafcoteh averd fidhiaeyat obngheatiodedi0N8stheheuthealosage was

.Qne representing a normal pleural spacewhile 8
aén“F%ﬁFéggﬁiiﬂﬁonplete pl eural synphysis. A score of 5 or

hi gher is usually considered consistent with a

s iS. [ d Obal 1a0F i ecti
SUSEERL B SR L0 300 iy o
at a dogg/df@, 85 amd @.g25%rcotdstemy/ with préod prilisat{ons2n ¢omtiabtea Iver dose of

o/ kg. group r.eceived I he si ngl i njecti

YR A T R TR TR S p—

daily 8ldhe Ha)?s QR¥rag® sARY 5.98), 2d daYRwedl &kl dTD.0R0 GnBNeff@kiSe in the
in the 1owest dose range of 1 ng/kg (n=2/group)

groupr eceivingd 14 alopatof depeataskc irjentions (@veraedsgpse 6rS/A4 Tdwylsends clearly

The resylts.were conpared with the, plac RS..: :
soseef Bl 5 ot REQRESEE, B, Wl R FERERR 8 Bt et
pleur®iekil &¥ithlsilver @itratk4 days. All doses were admi nistered

after a daily

One advantage of such a dosing regimen may relate to a reduction in side effects. Side
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), talc (Thompson et al.,
1998; Marom et al., 1999; Brant and Eaton, 2001; Stefani et al., 2006) and silver nitrate
(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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drai nage. At the end of the treatnent period, the

ani mal s were eut hani zed and pl eurodesi s was scored
W@ewondidey to the standard scoring system shownCT/IB2008/003843

Figure 5. Results with Doxycvcline Fi gure 4A provides

a table with experlnental res ts 0 d|V|d
pleuradg ravalisinggi ingfeaps iy BFcialyee © {plewal ﬁw& ig%@r e L000). As

well, 1&@&' BRG] azh%gext ﬁ‘éasgac;/ %Elﬁggd %M&Q@P g§ulsa? %?o%lsf & well as
peci mens bas ferent concentrations and
peritoﬁiay Snﬁﬁrnmahmm suggeaingosystﬁug umaciaﬁyi: gn cambﬁhes sadygr apmalsaleceiving

pres tatlon of t | t rovi Fi gqu B. ..
higherrdgie ghiasep F@BUPFE’&Y“SWPZ]&# eveshBRR g L {8 §ede 5o o similr
modef ¥ \§a r%iﬁ@% thst ahfn il /rg&nﬁﬁ’g Bighl dﬁgéseofjtgf%‘intréﬁlelﬁﬁl‘ly had higher rates
nit experiments this dose resulted in a nean score
of talmﬂep@sﬁxonuslthﬁglmgl medllastmmmmnaardﬁmngm& Gvere praddtomthe systemic

s did not resul.t urod .S, al t hou
inflanpstg e SP T e R EHE D PSS o SEn e et b g s et al.
2003)deMfical s@VSNARDYEO116RER talc AAREnRBAtkE MR Debmadsbeiateld \bs some to

at causing pl eurodesis whether given over 5 days or 14

the highey doseagisesl (Rinaldo et alo 933 Kannedyaet 309439 duct i on i n
i ndi vi dual dose can still achleve pl eur odesi s when
r ated oyer, twa eks this dest, dai | :
(BB, & O SOHen SRS iz B R eBa RO TR e Sfcppiration of
0.1% %s‘iiﬁe@fiﬁ $Gk Sybtemid ke i ﬂeMﬁéI of\“vﬂﬁt@ﬂﬂo&@b&@@ﬁuﬁﬁ elevatlon and
total of 20 aninmals were treated with silver nitrat

neutrophilgosi well e e@rntnr iaterlgnksingt argl YEGH leycbpthen athg 9596 éﬁ%? (Marchi
f
et al., %F?Jgéc?’? '8\?({5{3 ion, a Vertrla Eg{s engo%%{r%t%g tl?alt ggje A)%giﬁ]igeéltr?tlon was well
toleraf®d 399 b@tl@}té?l?aséhd‘e{m&iﬂ ental. aR00%) whil®.tRi5%geAts hid peed adaddoned by
be ineffective in one publication, hut overall data is
cliniciapgpeveenl dw@e@p@m'wswéatﬁg of gAeEeE paip r ah inetlostsy Fepiated with
d Y, r epeat ed
concef?{rat%n%; '3‘?{1% ‘TO‘% (@@%d ePall Z’}?§]2qghell'lf%?§ lsv?g?}; used for each
of the 10 groups, and a further 2 animals were tested
aCohélasibmvest dose range (0.05% . See Table 2. The
results were conpared with the placebo groups which
V‘@ﬁ@segéx\‘)gﬁméﬁt%'sﬁggésf‘ﬂﬁﬂépggt%d Quﬁﬁmﬁhitli@ﬁrof]scle?bsﬁf ddtnts at doses
days (n=2/group) doses were adm nistered after a
considta¢d gubdremmag@whﬁm admmlmrdd o$ atsmglet dosacaestill b@ﬂffmve in causing
ani zed cor,
of

ety R RG: o R B APE SUBAPRES Ko CLpB RS

reducﬁ@uﬁlﬁle&hamtaaﬁﬁgﬁs effedl Radnihisterdd a4 deys. and fibrosis
was al so evaluated. Results with Silver Nitrate

?arge dose

Example 4

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
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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Figure 3A provides a table with experinental results
of individual specinens using silver nitrate, while
WO-2@one33B provi des a table summari zi ng t he avRCHIE2008/003843
pl eur odesi s scores for the specinens based on
di fferent concentrations and days of adm nistration. .
- Filgestidycopsisted of Snangd v BrRAIMIng Syt & s oS o %Fabgﬁ% in a well-
. . r QWi e : i
deserpEE ik 8784 P Bichid Hisph TP A i HEL SEECPLRL of N couted
cathetehanthe rpl@m@alaspadeoark)) a phicebrat mw@uted cathetoo e eotrals.i Tiresconfralateral

0. 050% when the_ dosage s. adm ni stered for 14 days.
pleural gpagg don saghy anigigg é%g%‘?%ﬂ ‘;ﬁg}t@&?ﬁfor‘]iﬂ’é‘glots' scores were

achi eve at concentrations of 0.085% when the dosage

Wg§e T AN ShEREREL REcemelRYBa Xl %b%eeﬁiraﬂbﬁﬂdf eslB&bBSunder general

(average score of 8/8) was achieved with a single day
anesttiesjae dtheanthaterawdesithef wEo8%ds eaatbdovitipBhsmgowN, erteeated with 50 mg

s e ik e PAEbIESER bR, Hiog SRR Bl R L 08 mpct e
study.(sj g GtHEREE Wbt aspirdted UhiVE foMIeINddys B aéraék cday! JMelﬁ‘dEﬂuia, and were
0

ays (average score 7.5/8), and the | owest se_of
remoGA@BodayliSyandfriceropsy performer @ngley 29 FEEeacyi A @leraodpsipavastassessed

r epeat Injection . : ren
by (RBE0TPabBhck SRR QYRR gRA0E Bl ) Pl S sore o
greatdr ti@atoTRGLal a6 € cORGESS@si¥nificadqRigawes)ef f ecti ve
pl eurodesis with silver nitrate. One advantage of such
a_dosing regimen may relate to a reduction in side
‘ gentay Frgeedure JrleurabGalapter placemment - 8abPiiht  met hods
of pleurodesis can be both distressing and dangerous.
I gﬁ’?nﬁgw PRlalinf ashiREABLAE RRIShRE 8bti8r2.0 k8 were utilized. All animals
adm nistration of intrapleural tetracycline (Light et
were Abused 10 30nimin dxhesirake pathegensr epaintabsdwets gased for as per standard
ignificant with doxycycline (Heffher et al., 1994;
0pﬁaﬁ@%g§ﬁﬁ$ﬂﬁb88; Herri ngt on et ;I., 1996; Pul siri punya
e} al ., 1996), talc (Thonpson et al., 1998; Marom et
a . . . . 1 .
O R R O 20 eroar o Fggfyrotely and anesthesia
was indvced plitbanahhalaioakl agepst heti cs may reduce pain
(Sherman et al., 1988), but narcotic anal gesic agents

are al post al ways required (Elpern et al., 1994). Da

o niel g B o RARPPE Gt DGH B dF PR bt St Y nd back
requid &HpPinz2shdD G fEOBR HARERACHE andsthediB, BRI ddnaMWE@Iplaced in the left

I ncreasing doses of TGF beta beyond what is required

lateraf deqibitus edstios priestd the sombtapnd preperreecdure- typpleaicatab ogygen was

.pleural fluidfor Li.aht : . :
adm“ﬁﬁtle‘ﬁ?gﬁéy ngfit é%lpﬁﬁ?ﬁ‘y%’nﬁ %ﬁh}ﬁee f&eagjébee’d eve o‘p’vélQ%S\Qﬁ!ali fnto the right
pleur£laphéctdsaoR6Rs. Al Bomakid inismi WwasaBadewith asclpeli dvenéel lateral right

i nfl ammati on suggesti ng system c toxi.ci t){. I n anat her |
chestsy ety latetial fealthe verdehrol g@e and 2 cm proximal to the costal margin. The

subcutaneous fascia was grasped with forceps and cut with a scissor creating a 0.5 cm

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
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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hi gher doses of intrapleural mnocycline had excess

nortality (Light et al., 1994). In a simlar nodel, it
wWaRmIesseN t hat ani mal s receiving hi gh doses oOPCT/EB2008/003843

intrapleurally had higher rates of talc deposition in

steit s G PRy SRR KRR B g ISR lo i site of cathetr

insertié%l.g ghfe"pqgag%-%{ elliHcgf]&lre hd Bal) Hﬁﬁgﬁhllg&’%%k @fth td ﬁ)r&% b 8Rit at the

|n|c cases lowing talc
small aekm' micistonatA apedielsssideadapts ocis attachedyto shmyoxmlaﬂ tead of the tubing

NPT N EE R
sutureos@ést dp?)ﬂlﬁ:@fo th'etnegl@ﬁlc{%ﬁﬁﬁalﬁm% shabuid GRMHeBME &k TOHoRf to keep it

esulted in less systen1c response in terms of
in posmtnrt &hblcbesti vl Fasciaummd skineatahé onserdiod sie weas sftsed.i each agth two to
thr ?ﬁ 1 as a seruminterl eukin-8 and VEG- | evel s than at
ee L} sl Se¥S0se (Marchi et al., 2005). In addition, a
human trlal has denonstrated that a 0.5% concentrati on

Warse Walihalsohefatr@drded patthertclatidiasedaoshtaire@ivenl .had occurred.
2005) while this agent had been abandoned hy
Analgesip with dupsenoeriined-Vgdctieg/kgrsevitol ‘Vasbléfeéléé‘é agpeeded during the

sy SEAEAS, PO 8508 3080yt Sl g e o

agﬁﬂ@hvwml&&ﬁ&miCbnclUS|ons These experinments suggest that
repeated admi nistration of sclerosing agents at doses

czg%ldergd;subtherapeutlc when adm nistered as a
S till be effective in causing
ef fective pl eurodesis. Silver nitrate in particular
a | dal to¥ad@Tpdl OB diamet
BRI YL RIb0 BP SOl rlpd BAORBing (e dmet
1.58 mathyionies tlmnmﬂbrdv]é}mm Thy sath&mamltlag MaS@aple@l @eerr Mlagt distal 3 cm to

D05|n bi t Nb Tr eat nen f ffusi.ons
deliveg i g S %@?tsﬂﬁwggg? TeeialorfgEe pRatHGpS e a 14 day
penocﬁmg V& M dspThE |s@lﬂ? SR FeRr@RAtwithHS Hahkydose catheter (50 mg over
adm nistered as a single bolus dose. As denonstrated

14 daa(b)ov%wellov\Adélél@nﬁde@r@maé@ silgnhaless tvieeg insarnorated [y proximal to the

s ] e TSR IS A B o s

packa@8d &€ hiséfle®fand Ricsils badege STheopditmal sdndadfethe frites tvasefitted with a
pl eurodesis with a sustained rel ease catheter that
sterilegogess&yalye|syiemad hedime pf Rlasemintr at e conti nuously over
14 days. The study consisted of an in-vivo experinent

Wi h.g rou f p rabbits in a welldescribed ani nal
né%%¥i¥g@—6§§é@§F—é¥§ease The study consisted of
pl acenent of a SN coated

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
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

pleural catheter was maintained for 14 days.
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catheter in the pleural space and a placebo / uncoated
catheter in controls. The contral ateral pleural space

W0 20098603k2 ani mal served as additi onal contr ol SPCTIE2008/003843
ani mal s underwent placenent of a small bore
i ntrapl eural catheter under general anesthesia. The
c Buthispesia & NeGEONSYt her uncoat ed, coated with 24 ng SN,
or coated with 50 ng SN and placed in the right

etk SPRCE I OhRly b8 PRSIy SRR Heioh of 3 mi

Eu‘chaﬁS?»ler Yfertiabnshitd 246 rmymle)rmtr@{/@unﬁy ifdouthd mﬁgﬁhal/\/ea[revem Ammals
renoved on day 15 and necropsy performed on day 29.

dyingpr requiring erthaspiia pHekl day v IndIswatRFTORPY £Xamigalieor e (
1-normal, 8- pleural synphy3|s greater t han 50%

o B e Myl B e TRt U ert Rt i dfiched t0 o

syringdl fl6@ SiHheso i Sﬂ[@% foahd1pt ﬁrpth]%lﬁmiﬁ”ercd &iﬁblvﬂﬁdﬁ%s injected in
w Zeal and white rabbits m5|g ng 1.5 to 2.0 kg .were

the trapha 1oy mdiateate NengsrAfisr heriafiftisis the reshat Homdigecd %ﬁ@s@ﬁl@l suture
ties a iR %Elpx%gcﬁ&%x s@tg‘hg%lac? i1 6% Cfglrn?aﬂmf &Eut%ﬁ J&eﬁt lée{sﬁﬁlﬁ &l fach pleural
operatil proce I Mal's recelve upr enor

cav1t30w£k2th9n %d@@d kg nﬁikm@r‘tﬁ}atwﬂ riadisived tymmgﬁ tmmaplhegma amhtshrough all
ed with an |nhaI t.i onal ent ﬁ

the rigg @tﬁb% sidlavigplapiies In HHie mangen s Tiotinam sid 0 paftions of the

anten&hgl 8L Wl lren‘?g'@edb 3G l?h&tetﬂy'lﬁl?g afid | 'pwﬁhﬂ Qca@ﬁfés c@ﬁltdelSe E{?ﬁuated The
I'nduction of anésthesia, the animal was placed in

preseheefdr dbat¢ree alf hebamﬂmram@lcpimh ltlomﬁmpﬁeqﬂeurd ¢avBys end kbhcamjmmn of
pt.ep. proceduy e | ement en was adn1 i st

the el Rb sty accie: MLCEEP RS BEMBUYS RGOS Pleurl was

perfoﬁﬁbﬁeéﬂcﬁ‘ grali&d Qcdobding it@hh 83b§1'ﬂf abalS RRe Figsref DlskOWEo Peel Teixeira,

cmskinincision was nmade with a scal pel over the
Devin, &t el.alrarisfghmingh@eawid Icrerarketar Allnduses Wéewjedasisbbignificantly Faster

s B F VB2 BB A0y R TR, porgpd i

by refrditen SEMPRS ffoﬁh@@bhﬁh@lo@w@l 5ssemmne Weﬁgtakah tifin pleura, lung and

di ssection was used to enter the pleural space with a
diaphgagg bilateralled f or ceps thereby avoiding injury to the

underlylng | ung. The chest tube was then gently

vanged anteriorly through the opened forceps to a
of 5-6 cm The tube was aspirated with a

syrlnge in order to confirmpatency and resorb any air

WY 6] ¥R R Cat %@&I@p%w&ﬂ%eﬁ;&h% pef the dwinlidrdietiiralbuffered formalin

catheter insertion he proxi mal end of the
fixatiomphetoeal. Wematoxmhe|aad qm@efH & 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).

Statistical Analysis

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

25



10

15

20

25

the skin to the back of the animal and sutured to

prevent mgration. This was perforned by making a 0.5
W@na08k60323 nci si on at the base of the neck in tPEI/1B2008/003843

m dline, followed by passage of astrait forceps

subcut aneously in a caudal direction and then | ateral _

t detpﬁ@nsqftaeh@%/ren@ﬁ menleyrodasisercoredrom Prie 0i-8xt printsdifdergmee, with

th s _t hth the forceps to exit

aP%F%§Q§ﬁ§ﬁ1m%gggigﬁ%éiggﬁggépﬂ%gdleIess | V adapt er

was attached to the proximal end of the tubing and the

t ghgcavas once again aspirated to ensure patency and

absence of a pneunothorax. A suture was applied to the

neck incision and wapped around the needle less 1V

p@he study kesppplovedibp sl Anioral ChreeComestteemtithe Univsrsity of Calgary.

A B e kb e b RSl s RSy i
reguldtiBhsfR ethidd nbitthehBOf Aih I iREGRriBRAR FREAYE Y had
occurred. Anal gesia w th duprenorphine 0.02-0.05 ng/kg

sc g8-12h was provi ded as needed during the study

pBesuitd i f evi dence of pain such as anorexia, teeth
grinding, guarding surgical site or agitation was

observed. Catheter Configuration theters were

cBistlisuEemc feslorpnseicd 4R agrordance oY ey prenriur BrRigned above in
Examéiaetnﬂ g{e e&b@iﬁ@(ﬁ BElow ROFiBRe @ugﬁése%%tcﬁho%s&zﬁe R plelf&iesis was

r coating was dapplied over e distal 3 cmto
succesh@illly achievedda ecac affighrthati wasstryatetb tvithnd sidnebr tnitrdte adated catheter,

oSG B gl frer s A% Gab B oG 21 T OV e
than dgaéqhﬁlt ®r5)( I8 (HY g in LohiSRMR) cafotMlubtainA6lei rele@dtdl 24 mg of silver

' rai nage ‘'si de holes were incorporated just EroxinaL to.
nitrat¢ heercoad idag pegod.at of thead enignads ackgeved Tecassfith plegroslesigr d'igure 7

. steril.ized by ethyl.ene oxide qgas,.an '
inuseglsS o€ Riine P BRI SRl REIAR0 Ao tevels.
tubes was fitted with a sterile access/val ve system at

t Bt BEis Of pIRIGE SR Qbmottdtialhe Fhe ER%E paRBIOMP It dnkgal specimen
Al animal s" were cared for as per standar Qperatln? )
with r oofded eluralrspacel wsedessea seeadaten! ortrejenler Biguiged,| a fung 500 is

visiblg %}Qt%’ooagc’:h% g%h]g% 1 Q?ﬁ%& %gdl%-@‘sréwsérd % bg %sl %%v&rﬂrﬁ%ﬁ g‘%ﬁ q;, %ﬂeural space
520 (S¥ewesViahz 508 add diaphriaBinC80) &xabifial iapd dodyndt Blsow adhesions. In this

veterinarian staff were perforned prior to treatnent,
exampled ngt cafhgter has deen snseyipdagngl 29, SEPIQFRS vaESIR BT rbgFie fntroduced.

Consdgh i, B it Gock BnibEin A ulal odgphe e 1he

Figure 9A is a photograph demonstrating the gross pathology of an animal specimen
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
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 9A, 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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pl eural catheter was maintained for 14 days. Eut hanasi a
& Necropsy Animals were euthanized on day 29 of the
WG 2dp60a2t h the injection of 3 nL Eut hanyl ('t m)PCT/IB2008/003843
(pentobarbital 240 nmg/nl) intravenously into the
margi nal ear vein. Animals dying or requiring

eligEh G ad?smré‘?ra% thay tho bﬁ@é@%t figesisogegre (0-4 scale) was

signf%?%%@?x{el\rlao@r gh : e%l{tg)%u?%(lhs 2 nee ngtrfg%(l:\ﬁh%g CO;.:[Q& catheter (24 mg

or 50 $ryg’)id§gﬁm‘pafeddo whé tind@ted! catifetetO gp<fO00dSyenk ivwell as whemsmmpaeed to the
fered saline V\:hiCh was |n15) ted ipn the trac

a.to .
contra LG qo8trpl plgara mapeﬁp tfﬂQ isuse P ﬁePfFFFéltSt‘ig fodogical section
t

Ousiffa) OF 166 Ml pIPESE, JRork R Behle TS (grade 4) and
resultingdis pled&l bymftasts iple aniaal uaa/aecﬂ yithesS Ot g sosrp oathetetny

maki ng bil ateral incisions through the di aphragns and
5 t ugh all the ribs at the mdclavicular line. In
X4 manner, the sternum and the medial portions of
the anterior ribs were renoved, so that the |ung and
plcabcalCatrydr DRmeCOhded Nd6degval uat ed. The presence or
absence of henothorax (clotted blood in the pl eural

cavit and the position of the di astinum i
anheel ecwr af ﬂa& st ds tVEEMOBYEEH eltestivgi DG Sop it ﬁ‘esustamed

releasQlc?lﬁ’lreél‘ %h? 19 séaB s df t@%%&é%btﬁ% 5@rad &iys in a large
poi nt see Fi gu e

; see also I Xeira,
amma[Dmddel, et al . Tr ansform ng G owmh Factorbeta 2 |Induces
Pleur odeS| S hFas ol than 163 AM J.

i ncor por at ed her ein by refer ence) Sanpl es for
iR f 3
| Eﬁ% e R e T A %“F‘@gy"“f L HELS Bonsisting of
placerabitaif AN edatetbattepsy inthe eight Medabgape erme:osurcdradanais underwent
neutral buffered for flxatlon
chest {igheaRlasePrsh VARGUL B, %’5 hging Sogtife b (26 fafuiseal glgugal space for
each ﬁﬁ’rﬁhl' s%{;{/eﬁ%sta@(ﬁtl&ﬁa?%%tﬂﬂbc sections. The pleural
brosis was graded as none (0), equivocal (1), mld
(2) noderate (3), or severe (4). Statistical Analysis
aDaDgtmorﬁtmaihgsij/itaI\/ﬁgns \iractluxﬁsg fuami gh) ‘G’BISF pelfzinedsthe esimals were
| ab, v ues wer e calcglat Peds tlveterrrs
Smc

eutha%%ch op glay 8§?r83§y BRTLE 1croscoplc Examinstion of the

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

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, et al., 2002; Lee et al., 2000). A total of
12 animals were required to complete the study. All animals were housed to minimize

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

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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b. Statistics: Conparison of the nean pl eurodesis
score between the treatnent and control groups were
w@aopasmsel with a t-test. Using groups of 6 aniPEil/EB2008/003843
all ows thedetection of a difference in pleurodesis
score from2 to 6 (i..e. 4 paoints difference, with a S
space g5 folpvial A1S G S GHISIoR oS DGR NISCAIDGF O g 1peral ight Chest 15-
T ‘ ) . .
20 R e YR AR A DSy 18 SO i vos
graspddowiginfouceps ahdituttwich & siesst cigating 50.0@apdpengig. i ngent |y
with the regulations for ethical treatnent of animals
in experinental research. Results Results froma test
c Bt dissertion was psrfgamedbtognier the pleprab seass mathex pyrapd Byt forceps
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enons euro 'S was
anteﬁ@ﬂlﬁﬁﬁ!@@uhé ypaetiferceps forn distahcenl 1815 thaThevabetwaatgicated with
Wth a silver _nitrate coated, catheter,. which
a SyriRSFInARIESP ORI REEECEING b 28 eV hih thay 6 salere th pleural
'§QEM @ {Re¥ibyO (score greater than or equal to 5).
caVltln Fﬁg&%roﬂél?ﬁbmhich the cat heter sustainably
rel eased 24 ng of silver nitrate over a 14 day period,
ATi0fdditién, Gheprorimhal ead hoif evechtistaoesstiindeljetl emdadhs ikin to the back
Figure 7 illustrates a table of . the avera ) .
of theynpploudsiairet by MEveK migwEans diis 1ias RARIBY bygudges a 1 cm skin
incisiAneé(‘[eéhé'Ie\Fétl1 Q1ife Selrchra lm?l?ésqgrtﬂp hnidBRDTSHEREd BY pall@ge of a strait
gross pathol ogy of an animal specinmen wth an” unfusSed
forcepplsebiutdnespsy in aipesteras directoomt andll therelatekal do ttersate of batheter insertion.

Fi gure 8 ung 500 i.s visihle next.t chest wa] |
The pecpinahnd, of thrbsgns i BleBh Gk i i Srgelf oo e back
incisiGP aCReeaflic§ PR ¥RSer ik Att2G3d 30 thediraRibiab e SB8 tibind@id the tube
fused and does not show adhesions. In this exanple, no ‘
once agairhapantet 46 ebienpatenaranddibsenge 9b a popenebprig. Agehwe Was applied
een .i nt.roduced, nsequent | h ce .| .
o o5 5 55 447 SSRGS b 1BV e BRACE  Bosion. o
chest RN} RG¢iaRAd GBI $Hd Abdriign bikewereddSsefiptdehlvagy2 aé 3@ silk sutures.
ani mal specinmen with a fused pleural space. As shown = .
The apimaty yareareoyneddodheit Bowng 316t BRTeEQRL Y 0sugethadnalgesia with

i r i | i . .
RGP ESLE S K0 2 PSR y3FRR 5 ACLOAEN0 e LG i i
evidefii@Oofapainrsitings tanotelén, peadlc edindmgd gsadingeshirgibdvetef ar agitation was

Exanple 4. In this particular speci nen, catheter 540
notedyas coated with silver nitrate and delivered a dose of

approxi mately 50 ng over a 14 day period. As shown in
Ft%ﬂﬁ%x%ﬁnﬁg&%ﬂ5ﬁ| space 620 has been fused and

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
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 no studies with single dose silver nitrate reported in sheep, other pleurodesis agents appear
to be 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

group was treated at a reduced dose of 750 mg.

28



10

15

20

25

effective pleurodesis achieved wth the sustained
rel ease of silver nitrate from catheter 540. Pleura
WG pwee6B2D exhi bits diffuse pleurodesis wth aPCEjB2OIS0P3843
of the pleural l|ayers fused, and adhesi on of the
pleural layers in areas that are |ocated away from i
c Anhaddétionsh gratpager o bolgetyen dncprroaaed pigt propgimal to the coating to

...hi st ol ogi cal fi.brosi - :
il SRR e, HRE o e ¢ PR e g and prckaged in o
sealedodtid@idrHe Hedleioyi Tig: progied] edd ofichei wbe (24 firgvitr a S@ritegiccess/valve

as conpared to the uncoated catheters (p<0.05) as well
syster gt tha dmecd plase®8nt o the contral ateral (left) control
pl eural space (p .=0.05). Figure 9B represents a
hist ol pgi cal .section (Musto stain) of lung and pl eura
DS R0E PR 8 xt ensi ve fibrosis (grade 4) and
resulting in pleural synphysis in an aninal treated
WAL afinpfls BerE OB & f62tbedneép HosRahe stinfat 6fkrating procedures.
Cat heter Dosing, Sheep Mddel" The objective of this
Animglt webye issessed fheigonerelraelbbeing en pideidy pasity Moeiskis sveys mpasyred on day

stain r ase het er .t hat e ] . Of.
L s, THAEAE oS! SRRE 1ERANSHLy Skl gt 2R3l by e
veteriAdH AikafMRER] perfoxied p&ith aleafticdt egduedaysile8y K, 2Cah 29 dfluid was
Pl acenent - Sheep e study consisted of an in-

. ivo
aspiragedpBpinnibatpleyralypasherer o of rgplas hawp apdfhe solume af flurd withdrawn
| ac t ' [ L 1 flui
docf G TSl 6O S GRS W B0 s o i
withdtdwaebdehiae ¢s¥e tan@otrhidstee ha dhyfor Ztatseagivedays. ng. The
contral ateral pleural space for each aninal served as
addi tional controls. Daily nonitoring of vital signs,
i Euthanasig&ddeqsensy was performed. The aninmals were
eut hani zed on day 29 and necropsy perforned, including

i CI. ' ] ti t 3 i .
oV SRS ARers stz oh o Ve R By Ol £t fbyobarbival
540 gt @mMpdr 50k o3 S AleBs 8BS Ritd thedjaglanseinivetileatdamially restrained.

score was greater than 5 at_the initial dose tested. A
At thevimg of estopsh e tharararasansasd yayrally and e plpwabeayitigs gxposed. The

degreg !50_?%9%5&:'0 iguﬁlig@%.dgs?fggs sy ,Q“%g%é% @ ke ‘Qef)él?ﬂ §ring system

et al. Lee et al,
show2 @0Pjgures .t Barapleobf ¢Rcaul phalrs, diepleage qud heg wacobmpiatalaterally

the study. Al. ani mal re. hqused to mnimze
andPB%E%%UHQXﬁHUBgPﬁ%@@%@ﬁmgﬁPﬁﬂpgSaEFb cared for as per
standard operating procedures. Aninmals were bathed and

?Eﬁﬁkggﬂpgﬁﬂgggl anest hesi a was i nduced vi a

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

n
n

b. Statistics: Comparison of the mean pleurodesis score for a given agent at a particular
dose was compared to the appropriate control with a t-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

a 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
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circunference of the chest wall and back was cli pped
and, after the induction of anesthesia, the aninal
wpLmemeeen the left |ateral decubitus positi onP@F/IB2008/003843
the scrub and prep procedure. Supplenental oxygen was
adm ni stered by nask. A sterile_pleural catheter )
the 1 gl@xiugnaldi3 rpisealireveed) meypadiduss adhesines beiwpeyhR;vitseghand parietal
| 4SRRI it O QK ' b | 9 the catheter sit
pleurs iy} AR TS e B SRS B HEhehRbroi il 1808 the chter it
Each ¥eclingh Biciakeg goovar exthilsitddad ecoat of 7girt gredters tacdbding @o ¢he scoring
|ateral to the vertebral line at th th.intercagstal
syster Splamedria GHEL AFSBHI0r S oo Gt Ners A o al groups
i Oy 1 Q8 tabMat Bn@ oS phRaldatE Y&JLENRG1R ilfusBa6iB the pleurodesis
Flgurégglgnﬁ%ﬁg. afg%g? agi sse%t |g§a was aperrg%r med 3?(1) enthEg t hg
score filreacladnimphiag¢hewttfly.a curved bl unt forceps thereby
avoiding injury to the underlying |ung. The tubing was
then gently advanced anteriorly through the opened
DemohQt4RRS K 8stRindl RERAGEPBberdi®s 15 ¢cm  The tube was
aspirated wih a syringe in order to confirm patency

and resorb any air which may have entered the pleural .

c Buperymenis wetp eenduetedrto idemenstrain the effestiye spgined Frdease of silver
. oxi mal . en f th .
i T oL PSSR IERY IR, oo
in thifNdgcRkiren. THEstiva kineeics of aedtul rom ki sugtamed relenskeaating can be

incision at the level of the vertebral di es i he ..
measuipdiFitiee 1 PP bWEY NSy (BRRORGE dbf 1H % SPetionof eépfg’S%» Miaki, et .,

S NGOYS| Yodql k€L Ofod)." eghé QRnRAgs WRED in the in vit
1988; g?%l%’l? %oylts’hgggsg’?tgaa[g? %a‘%lﬁet erbi nsertion. SI'he m' © H‘l Vl.ro
demomtaxibmadetlexddieséritiedébetavbwemasuiadant puithe edthbosutized in the in vivo

forceps to exit at the back incision. A needle-less IV
expergebt Gsopied 880Yached to the proximal end of the tubing

and the tube once again aspirated to ensure patency

antle ARFRANEOHiva RABLIRT hRd8XrindAdfigt Mihetisvemtrapidederd the system

the back incision and w apped around the needle |ess .
(genetallyguyr oral ediindgiration) i {gomeasusn theTguantityeak thgedrpg iy s pigeulatory

and.skin at .t ' tion: s VY
oy b LhAR4R RER SLOSEnamREl Bl o
portrdyAEDf hbwWhb Rgedicatian GB Giffiised A ethy sheemocHuweed, in the treatment of

Anal gesi a with buprenorphine 0.01-0.02 / S 6- 8h .
pleuralgléscpicobystraeic 85 Inieaarcylan absomef arHe net e 92%@?&8%‘?% #o this method is
not refhflence of pain such as anorexia, teeth grinding,

guardi ng surgical site or agitation was noted.

Cat heter Configuration Catheters were constructed from
ndthiegalvige atthasi 1si < owee badhe, iyt afcepteggmathod i gpeasuring the release

1<ineti(ﬁjj‘7%]{él %fee{p&(lé ?Sr%%gg‘il%ae@éébg‘égfl i(i‘g%la eéﬁﬁlﬁ@t gfpl—f ¥ %{r %ggmd the amount

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

calculated from the following equation:

n-1
mg,= CSN Ve + 2i=0 CiVi (Eq l)

Where :

msn = amount of silver nitrate (SN) released from the sample at a certain time (mg);
Csn = concentration of silver nitrate (SN) in the extracted sample (mg/ml);

V. = volume of elutent recirculated through the system (ml);

V; = volume of the extracted sample, i, (ml);
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the distal 13 cmin such a way to deliver the dose of
SN over a 14 day period. The dose of silver nitrate
whambesee ext rapol ated from previ ous experi meneGI/IB20E8/003843
rabbit nodel. Wile there are no studies with single
dose S|Iver nltrate re ed I n shee ot her
i = cpRenF RIS isilygrarate é%lﬂg the geipActeck PERIG bAmgmBoses
simlar to those used clinically. Atotal 14 day dose
of 1,000 ng of silver nitrate was used for the first 4

at ed aq&ﬂal G ven its effectiveness, an
&Eﬁﬂ#@ﬁgﬁ—éggéﬁiﬁas treated at a reduced dose of 750
ng. An addi ti onal drai nage side hol e was incorporated

] 968 tmIPGfOKEtTRd Watet A1 § RAbWAGNAse of al@ﬂ'eﬂiliyatcgemlhzieﬂ amed catheters
The catheters were sterilized by ethylene oxide g

were dn@ﬁdpa@kcag@mer ﬁncép@é%qt@dﬁdﬁ dight oFhe @’Sf?aft}é’a@held h femperature of
37°C|3£(%ét Qtl&fl ube was fit with a sterile
access e Sy s en1a the tine of placenent. Cinica
Care and anltorlng AU animals were cared for as sheep
hiishawniag the fiest dhang 2omé mﬁtsbhugommmsedmoee;l byApipetit, sundeinenediately

replaog@ ‘i]ts XAy ?@/a}%‘é Z&rj%l&? Fd)gék ?gr {ésti d%ﬁ}/lg& W&\‘s used to test
the el§t‘idﬂj1¥1te &Bink Yy @lolBl/ GRkr &Qﬁ&f Mt QB DedHibe physblEAL liquids é)roduce a

exam nations by the veterinarian staff were perforne
precippafion of fre¢ sidvetr rapd ta)soategosits Qj)agbg surfag ofithe cathetgnd 1@@r of protein

ated framt gur a theter
tht cirfofsy e BRI e 087 ot Y PRSI R isPipgBBt 8 decomposed,
the sifiRe URRE 6. fodhte iR ligumalecelRE FEine rahd Ve Eif@icetaé Nedish@bed. The
a mnimum of 14 days and unti | f|UId wi t hdrawn becane
concehtgationt elaA O rin/the selgtipe wag aycaspied 2t caels Bmet pajet @é%o different

methogl t g@nﬁﬁ}:é‘o?ﬁ 1%{?0%[ OQEV%W hrgg‘{}/l d 2 t%gg #@]h%e\%b@t and 2)

Atomitbedrptidf) thé ARS mEBok gAtontit Abvaptiors Byedtmot@pyhie j ugul ar
vein while manually restrained. At the tinme of
aut and the
pB@&’” ~ "Y-wcroscoplc
pleurodeS|s was assessed accordlng to the 8 point
S Q@Y dxRghphY & BRKSRBE of Biffiisr oF sBwerSafRlcePorfa polfGethate catheter
£Ieura di aphragm and | ung were obtained bilaterally

coate W@thﬁhfahﬂhogwsﬂ@f%qommlls ipresentep o Eigtize £2-bs Sleaveriin the figure, the

amoup, P{J éﬁvefr %ciesethllt(e: frd%q G{Lé( %Bt?let%r r%{ngig@@gi} %:éso%\s\%lr}% Bler a 10 day

eurodesi's 'scores an
Immo@alculated b. Statistics: Conparison of the nmean
pl eurodesis score for a given agent at a particul ar

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
external diameter of 4.88 mm (external surface area of 1.533 cm’ 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, Si5A and Si5B. Si5A 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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dose was conpared to the appropriate control with a
t-test. Using groups of 4 aninmals allowed the
walzioeneasen of a difference in pleurodesis scorBCT/IB2008/003843
1.5to 6 (i.e., 4.5 points difference, with a standard
deviation of 3) with an al pha of 0.05 and beta of 0.8.
150 nigefon| B scrveh Aogied catbetess jagd SegiredS SEMERTateseiseepnpiangelption over
| re
e o318 45" 50 OB AR i BYHS0E wisSpffbmr
twentf' r@AcCof 88 ghetl pﬂtratb ﬁréth&néd @ngthe Wathesdr | afr almé il duy test period
owed many diffuse adhesi ons between the visceral gpd
(resulw incanaAversise toleasq aly Of FRIFPEERHEY & /& Pk the Filves At RSy
of the hem thorax away fromthe catheter site Each
specinmen in the 1 g group exhibited a score of 7 or
greater, according to the scoring system explained in
Figure 5. Scores for the untreated (left) side were
1.0 for all groups. Figures 10 and 11 provide tabul ar
and graphical data, respectively, illustrating the
pl eurodesi s score for each animal in the study.
Denonstrati on of Sustained Rel ease Properties
Experi nents were conducted to denonstrate the
effective sustained release of silver nitrate from
catheters that were coated with silver nitrate
according to the nmethods provided in this disclosure.
The elution kinetics of a drug from a sust ai ned
rel ease coating can be neasured either in vivo or in
vitro. (Spador, et al, 1974; Schaeffer, et al, 1988;
Maki, et al, 1988; G oeger, et al, 1993; Raad, et al,
1996). The catheters used in the in vitro
denonstrati on nmet hod descri bed bel ow were equi val ent
to the catheters utilized in the in vivo experinents
descri bed above. The standard in vivo nmethod of
measuring drug kinetics introduced to the system
(generally by oral admnistration) is to nmeasure the
guantity of the drug in the circulatory system This
nmet hod i s generally considered the nost precise and
provi des an accurate portrayal of how the nedication
is diffused in the system However, in the treatnent
of pleural disease, system c or intravascul ar
absorption is not the desired result, so this method
is not relevant. The in vitro nethod is a nore basic,
but accepted nethod of neasuring the rel ease kinetics.
The sanple is introduced in a solution (usually held
at a pH5 or 7) and the anount
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of drug eluted is neasured at regular tine intervals
(1-10). The anpbunt of eluted drug is then cal cul ated

WO e@omédse2 f ol | owi ng equation: s = C sN e : c, .RCT/IR2BEB/103843

) Where : neN = anount of silver nitrate (SN) rel eased
fromthe sanple at a certain tine (ng); CsN -
concentration of silvemﬁwsl\l) in the extracted
sanple (ng/m); Ve = volune of elutent recircul ated
.he em.(m); = I extract ed
Each é@iﬁ% ?&ei!})‘%u,lg fe?r%"‘t‘:‘s 21( eclg%%rgn{agegﬁll%gé{nggy%ﬁe{e\gger' nitrate
(SN) in the extracted sanple, i, (nmyg/m). Measurenent
Procedures 50 ml of distilled water and a known mnass
U.S. Rateny 268,89 dr ogel / si | ver coated catheters were placed
' pner and protected fromlight. The system
U'S'P\ﬁgesn@ﬁ%?ghg% a tenperature of 37 C and set at an
U.S. Raggntt 83067120f 55 rpm Following the first hour, 2 nml of
sol ution was renoved by pipette, and i medi ately
U.S. hatsnt ac8¢* M th 2 M of water (or solvent). For in vitro
US. Ita@élftis,rg?@()%sti | 'ed water was used to test the elution
rate of the hydrogel/silver coated catheters because
U.S. Rabens 58062868 | i qui ds produce a precipitation of free

ilver al so deposits on the surface of the
US. Pcsf’éet‘%gtég?ﬂgzl ayer of protein that can nodify the

U.S. Itdi@5i708.670n an in vivo setting, the protein/silver
conpl ex 1s deconposed, the silver nitrate is found in

U.S. Ratent AnB3d&8bar form and the ki netics are undi st urbed.

The ration of AgN®B in the solution was
U.S. Pr%%lé(é%ggﬁgé each tinme point by two different nethods:

U.S. Kalont BJ2ecppochem cal : the ASV nmet hod (Anode Stri pping
Vol tammetric) and (2) Atom c absorption: the AAS
U.S. Rt 6287&88mi ¢ Absor ption Spectroscopy). Rel ease

U.s. Bk d8kiI465 7?{5 Silver lons from Pol vuret hane Catheters An
" “exanpl e of the kinetics of diffusion of silver nitrate
U.S. Hatentozd4pdligur et hane cat heter coated with the

drogel /silver coating is presented in Figure 12. As
U'S'%ﬁkg%"'ﬁ’sﬁ'ke figure, the anount of silver nitrate

US. Ehdk 8$sks9m t he catheter remmined fairly constant over
a 10 day’
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As shown in Figure 13, sterilization wth ethyl ene

oxi de did not decrease the anmount of silver nitrate on
wao bwooe3krt ers, nor did it nodify the rel ease RCTER20€3#003843

Rel ease Kinetics of Silver lons fromSilicone
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pleural space; and

creating a diffuse pleurodesis of the first and second pleural layers.

. The method of claim 1, wherein the period of time is greater than or equal to twenty-four

hours.

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

The method 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 visceral pleural layer is fused to the parietal pleural layer in a plurality of locations.

The method 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

visceral pleural layer is fused to the parietal pleural layer in a plurality of locations.

The method of claim 1, wherein the diffuse pleurodesis comprises multiple adhesions

between the first pleural layer and the second pleural layer and wherein a portion of
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7. TMW edtled @l claiScanfurthér cHinprisiog dEaintligoy akboral Sfifugion or air from the
15(3): 305- 307 19ﬁé.CLAINB 1. A nethod of pronoting
pP Fab Sease ¥1a the Gatheleh o conprising: providing a
cat heter conprising: a proximl end; a distal end; and

8. Th@mBor X418 AOfHreiR R bI¥Btal bffudibe iFhssb@hte@Rdth cdRBErEtdhgestive
the sclerosing agent is configured to pronote .
i hedrhfathire, onrrbosis, i thbeyeilesiaf prguplogiss arlmeppsy embalepancyggtitis, or
t he, di st al an.of the catheter into a pleural space
bEONREER VASHIA §15°%%ur al | ayer and a second pl eural
| ayer; providing a sustained-rel ease of the sclerosing

9. TBEenEth&V Of ckipel] dtheffin tthevpldurd] ceffilmnpt@uprides spaméignant pleural
and creating a diffuse pleurodesis of the first and
s@ﬂbﬁ@mpleural | ayers. 2. The nethod of claim1,
wherein the period of tine is greater than or equal to
ﬁ@ﬂ% - of -hou et hod of claim1, wherein

IO'T% e J%Fé?%&?ﬂg’gggﬁ%°?%ﬁg??§es silver nitrate. 4. The
nmet hod of claim 1, wherein the first pleural layer is
a pravidieg aldepice thabiFrebtay e negatiyephesswecond pl eural | ayer
is a parietal pleural layer, and wherein the diffuse
pl eur,odesi §_conpr,i | eur odesi s of at |east
tﬁgwgggﬁﬁ%éaﬁgggéh§8%?§geﬁ%ﬁithorax, and wherein the
visceral pleural layer is fused to the parietal
plopeifatihg thyderick pravidd anegativy prssurotethe plesral space.

11. The method of claim 10, further comprising:
draining the pleural effusion into a container coupled to the device.
12. A method of treating a pleural disease, the method comprising:
providing a catheter comprising:
a proximal end;
a distal end; and

a sclerosing agent proximal to the distal end, wherein the sclerosing agent is

configured to promote inflammation or fibrosis of a pleural layer;

inserting the distal end of the catheter into a pleural space between a first pleural layer

and a second pleural layer;

withdrawing a pleural effusion or air from the pleural space via the catheter; and
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13.

14.

15.

16.

17.

18.

5. The method of claim1, wherein the first pleura
| ayer is a visceral pleural |layer and the second

weL@aoel3d2d ayer is a parietal pleural |ayer, aneCTiB20e/003843

the diffuse pleurodesis conprises a pl eurodesis of at

| east fifty percent of a hem thorax, and mherekp %he )
vPEvEding apjusiainsa-relggser of; ihersglerasingoagenk opelr¢ @ergd of time into the
pl eur a i.n a plurality of locations. 6. The
nethodbg%ﬂ%? %%il, wherein the di ffuse pleurodesis
conprises nmultiple adhesi ons between the first pleura
They@ethad o f tchems K dindthqrl eompadsidgagreatiregnal ditfise gileuraedesis of the first
pokégﬁgapfth nultiskﬁﬁﬁﬂgpsions are |l ocated at |east

t R 5% fonae sgeond ®Hi stal end of the catheter

when the distal end is inserted into the pleura

THRAA&hod of Afin 0! KWBEkeR! the! Rt bf tind fshRéat&aRRI bSEql to twenty-
draining a pleural effusion or air fromthe pleura

spagdovisa t he catheter. 8. The nethod of claim?7,
wherein the pleural effusion is associated with

fo%n efiloa ocf’%&%%sltgi &fﬁelj%ﬁllatg? p%au leg%sg?s)?%e ﬁ%%ﬁ‘lﬁ%ﬂ’?orax.

g%rcuI05|s, heuno
pancreatitis, or collagen vascul ar di sease. 9. The

Tihe hfetdobdaff ctdiai 1y, Whenstnethe scletokimgplgentrcampeabdsissivemitrate.

conprises a malignant pleural effusion. 10. The nethod

f claim1, .further conprising: providing a device
Tﬁﬁgﬁﬂgpégfggnizngﬁg?f9££hﬂ%%%ure; coupl i ng the device

to the catheter; and operating the device provide a

n ?&ﬁﬁdiﬁﬁaﬂéﬁ%@ﬂfaﬁc&@te& Rac@ltiedhadssigpace. 11. The net hod
of claim 10, further conprising: draining the pleura
effusion into a container coupled to the device. 12. A
nepwRitnedhe dovaca toihe cathateruprd  di sease, the met hod
conprising: providing a catheter conprising: a

pr.axi - ' X j ent
Ol R LR b R L R RSO B
agent is configured to pronote inflanmation or

Af nbthod io§ fusinggtwol pdenrall layeas, dhe method coinpysinge di st al end

of the catheter into a pleural space between a first

plp?ol'{/riﬁlnglaa)égtileter coated with silver nitrate, wherein the catheter comprises a

proximal end and a distal end;

inserting the distal end of the catheter into a pleural space between a first pleural layer
and a second pleural layer, wherein the distal end of the catheter is inserted in

an insertion point;
providing a sustained release of the silver nitrate into the pleural layer; and
creating 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 least twenty-five percent of the surface area

of the first pleural layer; and
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and a second pleural layer; withdrawi ng a pleura
effusion or air fromthe pleural space via the

W@ 2000060822 andprovi di ng a sustai ned-rel ease of PETIEB2008/003843

scl erosi ng agent over a period of tine into the

pleural space. 13. The method of claim12, furt hg

conpr i 3t leastame & ithgyadhegions ifs@op Ban Stys seatigptersyigom;thg insertion
pl eur al Iayﬁ&n{o the second pleural layer. 14. The

nmet hod of ctaim 12, wherein the period of tine is

greater than or equal to twentyfour hours. 15. The

19. Thetktiddaof ckimiltflZherwhmpssingt he pl eural di sease is

pneunot hor ax. 16. The met hod of claim 12, wherein the
scl er sing geﬁé rises .silver nitrate. 17. The
Bt HIS UE & ﬁ?ea U PFRRIVE BIRSY%i ng: providing a

device that creates a negative pressure; coupling the
devighg it ddieceqa theiBkima 86l OP@E aktheer;tlhe devi ce
provi de a negative pressure to the pleural space. 18.
A nethod of fusing two pleural layers, the nethod

c OPgRiing e deyieopionided nesRYREBPrCiodheriewl #Pass | ver
nitrate, wherein the cat heter conprises a proxi mal end

20. 'ﬁl%q‘ﬂ&hgd oF Bairfi rl% e e gﬁrﬁlb @gsﬂiﬁl@d gh1gds@lor esﬁderoﬁltrﬁt}éQnto the pleural

21.

eter into a space between a first pleura

| ayer oantk ca/esecnmcpepbélofaﬂ lezhsaymlye hdes.ei n the distal

end of the catheter is inserted in an insertion point;

pr.ovi n% ustai ped rel ease of the silver nitrate

ﬁﬂBe ﬂg EF%%W%P‘? f COBRE ¥ eating a pleurodesis of
the first pleural |ayer and.th e | eur.a
wkr ei HtradHging pEahGHE ST & PEBIAPY ggal %ﬂm pleel gy ao {65dn solution
adhesi 9.\%3 Bﬁﬁﬂg Bt Eaﬁﬁet&‘ 58 bofloR Whadleof &Y @Kis aBRhtibASor a first time
second | aye [urality of adhesions cover at
| east pewotd, yvlferaueﬂw@hdewm sofutivh omprisesaeetsr asid; dpllaved by
first pleural |ayer; andat |east one of the adhesions
| gbymor emtdalaamg itheecatiendri arehepartibn dhrarédféntoresrst siber nitrate solution
point. an hol-cli-ll}leg tgeggﬁg[erogr t é S(I)rtr?or} efreuorftlrlg this so?ut on fgr a gecond time

period; followed by

(c) introducing the catheter or the portion thereof into a second silver nitrate
solution and holding the catheter or the portion thereof in this solution for a

third time period;
(d) drying the catheter or the portion thereof;
(e) repeating steps (a)-(c) to form a hydrogel, and either:

(i) introducing the catheter or the portion thereof to a glutaraldehyde
solution and holding the catheter or the portion in this solution for a

fourth time period; or

(i)  introducing the catheter or the portion thereof to a sodium hyaluronate
solution and holding the catheter or the portion in this solution for a
fifth time period, followed by introducing the catheter or the portion
thereof to a third silver nitrate solution and holding the catheter or the

portion thereof in this solution for a sixth time period,
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providing a device that creates a negative pressure;
coupling the device to the proximl end of the

W@ 2000060822 and operating the device provi de a PEQE220082003843
pressure to the pleural space. 20. The nethod of claim
18 wherein the sustained rel ease of silver nitrate
i hereihioligwing wep (Dhgrein).dhe cathetenasthapertinp theaeaf dpdagd. at
| east twel ve hours. 21. A nethod of coating a catheter
conprising: (a) introducing a catheter or a portion
t hereof to be coated into a chitosan solution and
hol ding the catheter or portion thereof in this
solution for a first tine period, wherein the chitosan
sol ution conprises acetic acid; followed by (b)
I ntroduci ng the catheter or the portion thereof into a
first silver nitrate solution and hol ding the catheter
or the portion thereof in this solution for a second
time period; followed by (c) introducing the catheter
or the portion thereof into a second silver nitrate
sol ution and hol ding the catheter or the portion
thereof in this solution for a third tine period; (d)
drying the catheter or the portion thereof; (e)
repeating steps (a)-(c) to forma hydrogel, and
either: (i) introducing the catheter or the portion
thereof to a gl utaral dehyde sol ution and hol ding the
catheter or the portion in this solution for a fourth
time period; or (ii) introducing the catheter or the
portion thereof to a sodi um hyal uronate sol ution and
hol ding the catheter or the portion in this solution
for afifth time period, followed by introducing the
catheter or the portion thereof to a third silver
nitrate solution and hol ding the catheter or the
portion thereof in this solution for a sixth tine
peri od; wherein followng step (i) or (ii), the
catheter or the portion thereof is dried.
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