IMPLANTABLE DRUG DELIVERY DEVICE A METHODS FOR TREATMENT OF THE BLADDER
AND OTHER BODY VESICLES OR LUMENS rence to Related Ap This application claims the benefit
of U.S. ProvisionalcNo. 61/007 77, filed December li, 2007, and U.S. :Provisional Application No.
61/084,927 M4/ %087 2008, each of which is incorporated by referené’éjﬁlqﬁg'@ﬁf%éfw Background
of the Invention This invention is generally in the field of implantable drug deli ven' devices, and
more particularly in the field of devices for the controlled release of a drug from device implantable in

the bladder or other, pﬁq (%rﬁﬁw[g BEL &%ﬁ‘{ %Q)'Qi@?éﬁﬁﬁéwﬁ?t of medical

treatment. The efflcac 0 ru s is directl ed to e way in'w hey are administered,
Various 5.) mﬁ%ﬁgﬁfﬁm@ﬁé f%@lrﬁ@ﬁ?é‘ol'é‘l?lﬂ?%%@’hﬁéﬁfﬂé&#ﬁ%ﬁ&%&ﬁs’%ersum. These
Ic methods may produce undesirable side effects and may result in the metabolization of the drug by
physiological processes, ultimatetjsredusingniraqRantdy ahaiugit@reach the desired site. Accordingly,
a varietyof devices; f'il”?lﬁ;&lﬁ:‘lll%q%zQz%l"%ll%%%lLﬂ‘?MPl‘PQeﬁl&%s‘l& ll{‘?x illlf] il & Plﬁ}é@@ﬁted manner. For

example, these devices and methods may deliver the drug locally ich ma ress many of the
problems as$bidiarDbiith: s;)gfeﬁ‘fﬁ:idhlgfa‘e‘ﬁm lﬁl’l&*l‘éﬁ‘l 9@&‘1’% (}aéGgI@dlﬂbnt of
microdevicesial Hruy delive hishoneanea: that hasiproeeeded:stieadily. Activation of drug ease can be
passively or actively controlled. Examples of cantrolied drug delivery devices are disclosed in U.S.
Patents No. 5,797,86,730,072, No. 6,808,522, and No. 6,8/5,208. These microdevices can be divided
roughly in two cateé%‘ﬁé’s‘ CpEEH ﬁﬁéﬁléfﬁol%ﬁl%?-ﬁog%@d‘%m&lﬁ% HereEskaste @évices. Polymer
devicesihaveithe ﬁ@tﬁﬁ&&l fartbeing biodegmdable, dherglofesaveidingdbe need frkemoval after
implantation., 'Ifl SIS gnl es, # oial}y& %Gtghe de%% mg to provide controlled release of drug in Ow
by diffusion o?ll rug out of the polymer and/or by de‘gradatlon of the polymer over a. predetermined
period 30following BéhitfstiatGrvte e patienest of nitkestigareyatinshge i aae chrsic
prost.atios/chEQpiGspalvigy pali:synsremetGRIGare.chirqnicipaintd disamiessdbataffect approximately
67 per 100.000 wamen Kl u(man et a ng / 161(em 549 52 Slg 9)21&[1%“ LJmJﬂOO;JfQOO men (Collins et

al../ meiinds LS QOUVEFY H}{. 5] Old HRTAL LR, IirginLseaiar ene
")
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systemic methods may g’roduce undesirabie side effects and may resuli i e
matabolization of the drug by phyvsiclogical processes, ulhtimately reducing the gquaniity of
drug 1o reach the desived site. Acvordingly, a varisty of devices and methods have besn
developed o deliver drug 1n 2 more targeted manner. For example, these devices and
methads ey deliver the drog locally, which may address many of the problems associated
A wth sysiemic drug detivery,

n recent vears. (he developmen: of microdevices for local drug delivery 18 one area
thal has procesded steadilv. Activation of drug release can be passively or actively
confrolled. Esamples of comtrolied drug delivery devices are disclosed n ULS, Patents
No. 3,797,898, No. 6,730,072, No. 6,808,522, and No. 6,875 208,

25 These nucrodevices can be divided roughly in two categories: resorbable polymer-
based devices and nonresorbable devices, Polymer devices have the potential for heing
odegradable, therefore aveiding the need for removal after implantation. These devices
tvpically have been designed to provide controlled release of drug in vive by diffusion of the
drug oul of the polvmey endior by degradation of the polvmer over & predatermined period

30 folowing administration 1o the palient,

interspaial cvsitis (1O and chromic prostanns/chronic pelvie pain syadrome
(CPACPPS) are chronie painful dizerders that affect approximately 67 per 100,000 women
(Curhan e al /) Urol 1632) 34932 {1999 and 7 per 100,000 men (Collins ez al 4

Clrpd, P59(4Y 1224-28 (19983} in the United Stales. Both conditions are characlerized by



".1.224-28 (1998)) in the United States. Both conditions are characterized by WO
2009/076547PCT/US2008/086467 chronic pelvic pain., urinary frequency and urgenn dysfunction.
Pentosan polysulfate sodium (PPS) currenily iso t However, conventional methods and devices for
delivering tHEYPEY R4 significant shortcomings. For example, oral deliV&R/ {BLIHBORRL.
Ortho-McNeil) suffers from Im bioavailability, as low as % due to a high first pass effect (Parsons et al,,
J, Urol. 153(1.): 139-42 (199(J)), and causes some mild side effects, such as headaches. PPS
delivered intr vesicallyithrouqh'ei. st GORY. ‘\sl{yith a cathe;er th%] ugh the regtl&r_?) can provide

e

3 HE DORIE DA, Aty REFEE 160 S vV AELE i LT l.flf e

improved thec"rggrgﬁt}fé effécts v%rffgirefgl(llfcmg t e‘é_’. e Lé'ffé%tsf gﬁ Y l"i‘]g“(lgaaa‘é gt<ll,. rirol 79(2):
168-71(19979y st4erierer thesmstitiatitiprodeat iy pamsiildneraduired 16 repditing the procedure
P,Oce per werk fosthipesmanthaiHaas repetitivesratuke ok Hisprecgdwealsmiengenders high risks for

urinaty tract infection and bacterernia. Thus, a pron edsnege ' device that.Will. substantially

the number 8%1%§%?g]§ré%pi{:%ﬁ%§xél ﬁé}é‘;li;g%le‘gg‘a%?%%&er’aﬁlggﬁ%% S/%Yga‘"mwgﬁﬁ:[ o zILJI?’% or other drugs
needed for |BatdeivEl- evErat éxtehdddageiotsisoneediivertstoric/PBS/ ehtdils delivering a
lidocaine solytionieithehladdermasinstilationdRiEenty. e tabedosarptiendef.alkaized intravesical
lidocaine in nornl%l an ,=it%f-@;ﬂFd:-Q-gﬂgg%r(?@fﬁ %iggiellgierp E;[_Qomfigr im rl%yicnqg bi!gqgg anesthesia," Lind,
165:1900-0 25{6%; CFParsons, “sicedsstul ééwnregu]atlgﬁ of btadde S‘en%o?y Rerves with
combination wfiheparincaaaikeliviized id ocames ivpadertsavith Indrsataréeysahs? 20Urology.
65:45-48, 2005); Thebladderdining hassueh aAstonadbreaissdarisrihat aormalitdocaine has
difficultyi grosgin%th[%u%h it. owever, rege_%r_h‘eﬁr;s_ f‘ounq thaltg f the‘t\?r]gstr{]etm agent is alkalinized
with a precisESHBETPSSEI BisahsoRats, I ISt ovatne ShSEribtE BEERtS Shility to pass
-through the muedurs thsreachdaeisgotiks the drivtatacrtienes and fisstesendlth. 4n a conventional

procedure, the instillalion.delivers,2:polus.dess of23dideraineg (onmareaingl.haparin, and sodium
bicarbonate to the bladder. Ovyer relativel s%%rt time that the salution is present in the bladder, the

bladder tissuB 58 SFDEHRET Jo BRI 8! b PEVIE e patieht (Rith B diAE T 8IRFHEhT pain and
urgency. TheP@bsored ficigraind:diso ipravidessontinoedstelizfiasthé lidocaine degrades from the
bladder fissue. Howguer, lidacaingfeselelativeli.shert halllife andthersiorg.adelatvely high initial

concentration 300f lidocaine may be needed to provide continued relief and the perihod of relief limited
in duration. TE*HEHEUVETs (EHn &t eliP SIBSEL ARPHETIRHE WAL e FE QuIFET5 8% as three times
per v_veek fc_)r im}ﬁmé_@km{iﬂseafmquemyémfﬁ_ éudh@nsﬁ:ﬂgﬁhﬂﬁwﬂﬁem*dééi@bI@,Sa@@aﬁh_ ins_tillation
entails the inggnvenjencediscamiortandJiskalinfertion asapciated with.urinary catheterization. The

duration I relief may be increased by increasing the initial concentration of lidocaine absorbed into The
bladder such“RIyHEFeiRRFIRe bHER MY SITTr R L BRYEEH B WS Y iddifable systemic effects
may restit if thednitialiconcemratioryof tidotaineis tooshigh. Wthertherapiescdulthbemefit from
improved intrﬁ%}%ﬁl;@%@!&g w'gigﬁgytg{%s%%&hmugh it. However, researchers found thay i the
anasthatic agent is alkalined with a precigse amount of sodinm bicarbonate, it improved the
anesthelic agent’s ability o pass through the mucous 10 reach and soothe the uritaled nerves
and tisswes beneath I a conventional procedure, the instillation delivers a bolus dose of
25 lidocaine (or marcaine). heparin, and sodium bicarbonate to the bladder. Over the refatively
shorl ime that the sofelion 15 pregent in the bladder, the bladder ussae absorbs the lidocamne
10 provide the patient with unmediate veliaf from pam and urgency. The absorbad idocains
also provides continued relief as the hidocaine degrades from the Madder tssue. However,
{idocaine has a relatively short half life, and therefore a rglatively high mitial concentration
30 of hidocaine may be needad 1o provide contimued rebief and the period of relief limited in
duration. To achieve sustwined relief, subsequent instillations may be required, such ag
three times per week for fwo weeks, The frequency of such mstiflations may be
andesirable, as each institlation entails the inconvenence, discomdort, and risk of infection

associaied with urinary catheterization, The duration of relief may be morsased by
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particularly where local delivery of a drug to the bladder is preferred or necessary-sod when the side
effects associated with systemic. delivery of the drug are unbearable and/or when bioavailability from
oral administration is too low. For instance, oxybutynin is used for the treatment of overactive bladder
syndrome. {78 butynin is delivered orally or transdermally. UnfBFUHNEIEKH FFtsttever,
approximately 61 % of patients taking the drug expenence side effects and approximately 7 to 11 "Xi of
the patients actually stop treatment due to the severity of the side effects. Situs Corporation
developed an ithravesijcal de iver thser for the delivery of
pharmaceuﬂcaﬁ <G ﬁ%éﬁgn%{grugﬁgmstﬁic (maos ol§<{hbllj cr%n #:)r tﬁiegtiréé(fr:n%éﬁi olfHO\ie?’éctlve bladder) and

MilOnly 0111ne%¢4ﬁefr@eﬂ@ié?ﬁmﬁlb1eweﬁeené@«) CIBTHEHROS fHflvstr d&sdedand methods of
making and im@m{w&hﬁc&w@e@@@@ﬁc&@@qein; WSiRatents-No. 6;111,298, No. 6.183,461, and

No. til3Q535. The infuser d an elastomerlc outer: tybln and ﬁontalns i.nextensi ble
!61' DLESE mu Trom inproved ?1’[2‘3&@%1 3353 i%ﬁi PG St
wire which connects’ inner en dEVICE RAS A HINEAFSH a eﬂunng h€ cystoscopic insertion

into the biad@eﬁﬁfeﬁfahge@te19@%#@’@69?3“%%%5@@ ity deapl antinien Andedifing-ofttietlevice with the

pharmaceuti@@!eﬁ%@% @&J@éme\e@miaeewbaaeetteﬁ neleasing allpthsphawnaceutical
solution. Exte rele eof é F%} aTr aceutical solutlfn is ontrolledb eans of a

pressure-resp F‘u‘% ﬁ}f SN PR B gl Thsiad thETiBing Hhe %46 "tthe ROS infuser
device depeﬁdlsﬁmﬁiﬂamme‘b;ﬁ\@&mﬂmh@ﬂ@@mpéﬁem andeat considérable portisedofdhe inner volume

is used to CO@F%’Q1§&%m§9h@rﬂ%ﬁ%?&!@ﬁp@x@§@@@rnéﬁpz(@@eﬂég, solutippelength efiapprydniately 10 cm and
an outer diameter of ap%oxlmateléo cm, the large S|ze of the UROS infuser device can cause

tilalificant disETIGHE S SHF o ﬁ%ﬁ’i?é“ﬁ%?icultﬁrw NG B R Y RSATERY retrieval of the
device. The RO Surfrsendevicaidisgireguires an. addltlonal surgical procedure for loading of the

pharmaceutical solufiandnip, e feuies follouing. implanialion: Aecardinglsafaumeg exists for all

intravesical drug delivery device that is smaller in size, to_avoid unnecessary discomfort and pain in
patients. In atRIBH Tt iotiich Fe HeiBEs HloTiiE ahThtse SRy BRI I8 ice that can
minimize theinumbgrdisurgioal Prodeturé sinequired fOndnplantationcdbddetivereof dna: over the
treatment PeRRdy g T’Hﬁfé? E%@l% %Q%%Q;&Qaﬁr%@!@ %@IE&QH delivery. Quer.a;perigd;of time, and, to

accompllsh this in the bladder, the device desirably y should be retained in the bladder and not excreted
before the driighpayiB&E R fd Hridhstsdpstiamréeieased %v”en%‘efﬁffﬁén&mg payload needs to
be delivered eves-a:periathabseneratdaysngrnweaks:in genesdhibetiendavicemars needed for
controlled dejjyery, of, dd 10,10 iﬂ@%%&r'a% rgbl. e Wnplaniabledayies shpidbg. asy to deliver

into (and if necessary, remove om t er with mirimum pain or discomfort to the patient.
Summary of ﬂﬁé“ﬂ‘r\‘ié‘hﬁb%‘?“m“ﬁ\}&i?rfd’ﬁ‘@‘f&dﬁl Hepae i Blenrdtader s platable medical device
for contmiledpdﬁugad&hmry{ﬁodb}e bladdenofca patientgempisingsatleast @éae drug reservoir
component comprising An.slasipTIer b, and & divg formulation pesioned i dhe ube, the drug
foimulation comprising a cirug and a vesicle retention frame w comprises an elastic wire, wherein
the drug resersaiF ebhipBRuRURStEERS D AREVESR B TSt RIS RS W I® e ddcally deformable
between a relafivelexpandad.shapadoigeiaining:he.d em@etwsmﬂth@@laﬁidemaﬂd a relatively lower
profle shape foraserion fieuofhe. wretya and 1 (e laddsL.. . imons embediment, an
implantable mecilcal‘de Ice IS prowd1 for controlied drug %lellvery WI?PI tISi & er, or other body
vesicle. 3 on&usribidimeniitndedebiebameiitag dt [est é%*é@&?éﬁ@?@‘emﬁomponent comprising a
drug; and a vw@e:re{enmff@mMuehmmm&eeme@sﬁewge@amjag@ﬂmeﬂd an opposing
second end, gnd an |ntermed|ate on ther ween, Wherea% dru res oir clorpponent is
ChComion atad Y 10 m & articuds $ fegical der SR r%a
attached to th€ intermedidte reg i8Nn°of the Vesicle Tetention frame. The retention frame has been
deteimined tehbehnmmaiﬁmtgﬁé%&seﬁﬁa%ﬁdenftaﬂ Wrdmf@be#fthaé@em@etﬁrem th@%thtﬁ@@rﬁ It preferably has
a spring COn%Eﬁﬂlﬁzs%@@%&%&Bﬁ;ﬁ%ﬂ%ﬁz&&ﬁ%\é%@@% inthe blagdenduringdrnation while

m|n|m|2|n the wntat;qn_ : 4t‘he bladder, dgione mbodiment, t e elastic wire may include or consist
of a low odBRFELTREIEMEF TN REIEsnE 38N draiand 't i&’%%n%“%ﬁéfrﬁ $pisEtc elastomer,
poly(gcherolisrebaeme)dfwweembmaww threof n ahliotheriembbtiméntatheelasticivire may include

or consist of eeme&elqeas&@e&oe&tm@@ﬁbeeem%mwimt%eloﬁme«ﬁme,emt&e superelastic alloy
may comprise a biocompatible nicke)-ti Eanlum lloy e Nitino 52 or at itanium-molybdenum alloy (e.g.,

Flexium). In SHEAEHhEBAPRERIIAR BREHT Firg' é‘% ‘Pﬁv ‘3“5%8 ﬁllﬁ)ﬁ’ﬁb e polymeric coating, such as
silicone, polyurethane, styrenic theimoplastic elastomer, Silitek, Tecoflex, C-flex, and Percuflex. In
one embodiment, the elastic wire in its uncompressed state may be in a curled form, for example, in
the foim of two or more loops, spirals, or turns. Thé first and second ends of the elastic wire may be
bounded within said one or more loops. The first and second ends of the elastic wire preferably are
soft and blunt. The elastic wire in its uncompressed state may be curled in the form of two or more
loops, such that the wire can be uncurled into an approximately linear shape to permit the device to be
passed through a lumen of a catheter sized for insertion through the urethra of a patient. In one

embodiment, the drug reservoir component includes at least one elongated elastomeric tube having a
firet end nortion and an onnncina ceconAd and Nnortinn and \WO 2000/07AREA7PCT/I ISRO9NNQ/NLAART



compdrug' formulation therein, the tube being operable to dispense the drug m vivo at at controlled
rate. M one embodiment. the tube is formed of a water permeable material, such as a silicone. In one
embodiy be forqied of 2 esqrbable material. Ine prefepd smbodiment e ity s, gpnped of a
material which comprises or consists of a biocompatible, low modulus elastome drug

formulaticaaeraylish fositiothedtesdecotes Wittiive thesitiabb) dhayhhy Féainsgandba etdahandevice, ie.,

released framihetdhe inviva (66 yithindheblrddes)sehasantralieddaiccay Qemasisname/or by
diffusion. in one embodiment,é}he Lg)e may have no, a(%%ture, an(éthe erég rgay, degendipg on its
, |

moleculaf BHEPANAST LRGSR HUSE TOMBLARTRE Y5BhdemBbdinieht, METEE may include
one or moretapdrtires asndethizdifoy coayrddefetised atfalragetechtrbiisiiipy d9msosisyirtten

embodimenhdhfdigdn dprnsedatatizoanilena! iaastinRal i nian angirygsorption of

dissolution of a matrix material, e.g., whérein the tube comprises a composite, such as a polymer/drug
compositBLafHer drih RFHTEE SR BrerdiatNr fartiatee Ratinsemi-solid form. This may 15facilitate
loading the required dosage in a relatSahynsatalbl uMgciai@mnimize undue irritationand discomfort to
the patient during and.following. implantation of the device. . The dgvice may,inclu east one
magnetic elemezr%tc 0 %é’iﬁté?e Egi/t%s ceocr{i]i(?h v&ﬁ%dﬁawgrﬁet ea‘%e}\ll}‘ilgéaﬁ%;ﬁethrgﬁg ldgé,véggg . ? é#t_er drug
delivery rasiyeled shnspistodriate shaadsh odismatentthenpaghe aldrasiamerfBignesmstated at: the

first end, the,serand:engrefRoth thafiistapdusecand.cnds afthalvasiciRatention fmend soft
polymeric coating may be proyided over the magngtic elements. . . In an alternative erk?b}?diment, the
device m&Phe %"rrﬁé‘éﬁoﬁ)@&}%g[’ﬂb ?ﬂl’?{@ﬁ%{&gsgc%t%q]rigv%?%?%é%%wgi URRetdsary,. in that

it will degraderiem pletilytoraireastenoulh dorgoicktheviremmpotsdfiswtadviddo 25Tresiaserture(s) for
release of the g e, RALHSERARICIRASMARYDASIZE FaRgeNNBIRIRIERSE IR aBprolled

osmotically. In one embodiment, the aperture is circular and has a diameter between aboutand about
500 um. BFifTBEHSedTASe VEdutr RSoRIERAR thekiRitité 18 to ST aBihHHe BriBsREL&voir tubing
and possifh3dsshalle thiéthasafeltingottiat kyddatilic pressure may ter the aperture, if the aperture size is

too includetion Rl M he e 2L I ARISIDHARLINENELR FRAAIHR AP TS BB EIR evice, The
imize the possible Ration of the f}lgone fhe urinary lc)?a Ser,

delivery within the bladder, or other body vesicle. In one embodiment, the device

includes at least one drug reservoir component comprising a drug; and a vesicle retention

frame which comprises an elastic wire having a first end, an opposing second end, and an

intermediate region therebetween, wherein the drug reservoir component is attached to

the intermediate region of the vesicle retention frame. The retention frame has been

determined to be crucial to prevent accidental voiding of the device from the bladder. It

preferably has a spring constant selected for the device to effectively stay in the bladder

during urination while minimizing the irritation of the bladder.



The device also may include, e.g., embedded, radioopaque materials for possible x-ray monitoring of
the device. The size of the tubing lumen of the drug reservoir component determines the possible

d load N j : [ t h
g pavioad v 0 SRS e DO e e g dep oot comonE may have

out 2’mm and an outer diameter between about 0.6

mm and SRSERBEEm STHe |afgtisiEFotthe RabiREHatteestfedhd Seamapayisarclademsy: the number
of tubing sepmeNisAtashesdn an, oReISieMbaNiaeRe. In MaRartisyadiephodiveMstbe
implantable medical deyice for contralled dr\%g d Iivcﬁ'g may gﬂclu e %tnlneeas;()one drug.re ggvoir
component WHIE &8 ¥ aRSE0R AedS a%%%cp%rn?'e%'bf’e, BlasiOmant e aving'afirst end and
an opposingspbotic:enpralssid dlosenvssotic ehieg F binnoaiietidora ckithiitahanmubBowttegein the tube
has one q;RIQSE aPEHMSS IRAAIRRRRAING I8 Jug akrcrmiolRdrale,ARdmyaEiale tptantion frame

which comprises an elastic wire having, a first'end, an opposing second end, and an intermediate
region thefdBefiie 2 rdi tRERRdE RAERSHIF98EREs HE e RS RSB o POHEF YR8 e memory
material, sf/eettatisadoplissetadicmearcaidithe, dlastfime it leheaf therdrfigireservoir component is
attached to the vesicle retention f t i [ ' f rgld e&gﬁg&iiment, the
elastomeric tu bt\af I}So%e”%%do%%@g{i@ﬁﬁ?&f&ﬁi%gz%%gf Ii)gggsl f%{:a% %eglgggr%%ide% for administration
of a drug feradesIresu ssita WithioraejaEdneaop SR fLePs o FRIEREN LT SR BRamibie, ikt Wdatient's

bladder. Ig-e081ca8€ Jh@Mmeibes Ay oMY iseuptevidingia lmenédevieersusthas Brdrathral catheter

or cytoscope, which has a distal.end, an o ing. proximal end, and an.open lumen extending
therebet\/\?ggns, I Oﬁt?ﬁassstﬁg § staa]lﬁge}h%‘%?ﬁ%?%?é }glaégt%og%learﬁﬁ%%t{ﬁ% bﬁg}é) z?sé?awﬁlé%iénnf[:sn need of
treatmenmnehenertkreprtadtinahz i chthel unetiw dboatihéteryemaing datgislesethtibgydlientiidefouning
(€.9., unculing) thimeianiabla dpwdeivesy dewice smgeoaasﬁ%h&ime theiproyngal pndeaf the lumen

of the urethral catheter; driving the deformed device through the lumen agd out of the lumen,

whereupd ATHE R B VHERSTf th e B Ster SRS BRI F R 8RB ARE BRAHERY: and removing the
urethral catheterifrone thebpaiientt, Therdafierstrecdirugnpoaleadedine eohtasllederahmgatetfom the drug
reservolr cARRRARt Gl e deYieey I SoY A STUPAI GRS O NS MR/ ARE % apliggt may be in need
of treatment tor interstitial cystitis, overactive bladder syndrome, or bladdep cancer. Disclosed
herein is a method of treatment of the bladder in a patient is provided. In one embodiment, the method
comprises implanting wholly within the patient's bladder a drug release device; and controllably
releasing a local anesthetic agent from the drug delivery device in a manner providing a sustained,
therapeutically effective concentration of the anesthetic agent in the urothelium of the bladder, while
avoiding high peak plasma concentrations of the anesthetic agent. The anesthetic agent may be
lidocaine. In one embodiment, the concentration of the anesthetic agent in the urothelium is at least
1000 times higher than the plasma concentration. In one embodiment, the therapeutically effective
concentration of the anesthetic agent in the urothelium is sustained for between 1 and 30 days.
Disclosed herein is a method is provided for treatment of the bladder in a patient, in which the method
includes implanting wholly within the patient's bladder a drug release device; and controllably releasing
a drug from the drug delivery device in a manner providing a sustained, therapeutically effective
concentration of the drug in the urothelium of the bladder, while avoiding high peak plasma
concentrations of the anesthetic agent, wherein the drug has a half-life that is equivalent to or within
25% of that of lidocaine. Brief Description of the Drawings FIG. 1 is a plan view of an embodiment
of a drug delivery device in a relatively expanded shape. FIG. 2 is a plan view of the embodiment
of the drug delivery device shown in FIG. 1, illustrating the drug delivery device in a relatively lower
profile shape inside of a catheter. FIG. 3 illustrates an embodiment of a drug reservoir portion of
the drug delivery device, wherein FIG. 3A is a side view, FIG. 3B is a cross-sectional view, and FIG.
3C is a cross-sectional view. FIG. 4 is a cross-sectional view of an embodiment of a drug reservoir
portion that includes multiple reservoirs separated by partition structures. FIG.5is a
cross-sectional view of an embodiment of a drug reservoir portion having an orifice structure at one
end and an aperture foinied through the orifice structure. FIG. 6 illustrates example shapes for a
vesicle retention frame portion of the drug delivery device, the shapes including one or more loops,
curls, or sub-circles. FIG. 7 illustrates exampkeshapes for the frame that include one or more
circles or ovals arranged in a two-dimensional or a three-dimensional configuration. FIG. 8
illustrates examples embodiments of a pretzel shaped retention frame having one or more drug
reservoirs attached at an intermediate region of the retention frame. FIG. 9 shows another
embodiment of a retention frame having a number of drug reservoir portions attached at an
intermediate region of the retention frame, with FIG. 9A



WO 20091076547PCT/US2008/086467 illustrating the device shown in a relatively expanded shape
and FIG. 9B filth device in a relatively lower profile shape within a catheter. FIG. 1.0 illustrates
cross-sectional views of example embodiments ofa drug deli device having a drug reservoir portion
substantially*&igHe4ith a retention frame. FIG. 11 illustrates cross-secH&R&ISHEFE36FExample
embodiments of a drug delivery number of drug reservoir portions substantially aligned with a retention
frame. FIG. 12 illustrates an embod. MOM of a drug delivery device wherein arete  frame
component extequ tp‘r%gp{a rt{i.on Jols q.dr_t]l% rest ryojsr con ngt?t, to a}tg%c_,:hi tkle two .10components
together.  FIE. 1558 4'Side Vielv 8t ait efnbddiment of & drug denvery aevice Eithstiating controlling
coatings or stigahsrpbsitioneld nearrbrdicaye hpartare fwithdinterioroompeadntsafitile device being
illustrated withgresghatehing. JlGmidis.Adlosk dirgramillistrating:an.embrdimentofi;method
olniaking an imEeI{?_mt ble dr‘é%?g?elivery de\gce FIG. 15 illus ra&e a. method FIG. 16 is a block diagram il

bladder. I G S BUE Bd QHBRAP VRSB GRHERBNT SR ASBURR&hEs of a. drug
20delivefy dendcempidie igvsradptaptidiiusteating in vitro drugprofiles for the three embodiments of the

drug delivery devicg ghawRdmElGR %ay veElGndRdlistiatesamembediment of.@ pretzel shaped
retention frame, at three different points during a compression test wherein a. compressive force was

applied to thd'FEHE! oM .Eﬁﬁsl'ﬁ‘grl%ﬁﬁllgrﬁ?‘h RIS ES SR SispTRBATE AGETR: Sflected during
the compressistrigst performedsorrthedevigéusiowin imd=@hoduBent, thElGe20dhavgraph illustrating the
release of lidgcaine querimg.sxhibiiedinyiteg by Natous iplantahle.drig detiver), devices.  FIG.

22 isa %[gph_lllustrating lidocaine plasma. concentration over time ‘exhi_bited‘fbiﬁvariou.s instillations
and implEnted SRR VR MEPESSIPBILddare MR BOBE PR AP HHIG SHEHKG M8 ine plasma
concentratiodroyergimesexibitedisfor-maridles instibationsrandembplintaed devieessin vivo in rabbit
bladder, W'thcﬁgﬁ%%@?ﬂ?a., WAl ea teast i part by diffusion and/or resorption or dissohution of

a'mairix material, e.g., wherein the tube comprises a composite, such & & polvmer/drug

composite. The drug formulation preferably s In a solid or semi-solid form. This may

et
[

facilitate {oading the required dosage in a relativel v small volume, ¢ minimize undee
writation and discomfort to the pattent during and foltowing implantation of the device.
The device may inchude at feast one magnetic alement to facihitaie cytoscopic
withdrawal of the device from the bladder, e.g.. after drug delivery has been completed. In
certain embodiments, the magrete element may be located at the {irst end. the second end.
200 or both the st and second ends of the vesicle retention frame, A soft polvineric coating
may be provided over the magnetc elements.
in an aliernative embodiment, the device mav be formed of resarbable materials
such shal retrieval of the device is vanecessary, i that i will degrade completely or al leagt
ancugh to void the repmants of the devica
25 The aperture(s) for release of (he drug are, in at least g preferred smbodiment, within
a st range whers release 18 controlled osmotically. Tn one embodi ment, e apertare iy
vircuiar and has & diameter between abowm 23 pm and about 300 wm. Drog relense may
ocour 100 guickiy if the aperture is too large, ardd it was found that hydraylic pressure may
deform the drog reservotr tubing and possibly alter the aperture, if the aperture size 18 oo
30 small
The device may further include a floatation femure by the use of low density
matenials and/or the inchusion of alr or another gas In some part of the device. The

floatation feature may nunimdze the pogsible iiation of the trigone of the arinary bladder,



WO 2009/076547PCT/US2008/086467 for v . 24 is a. graph illustrating the lidocaine tissue cot us
implanted devices In vivo m. rabbit bladder. exhibited 2llustrating the correlation between lidocaine

tissue corigenifgice R WidpGAMGPIAMARANCRRI AR BRIEA (ol akgUdRsHlladons and
implanted cde%nces |%t|vo in.rabbit bladder. FIG. 26 is a [4raph illustrating lidocaine concentration .
i.n tissue ARA" EHAE ‘;j“dféi\%gg‘implanted in vivo in rabbit. bladder for three days and for six days.
FIG. 27 is a grapitflsisipathipen@bmectwrpH Untisedips dRsaBIOE] toamainet dsksmnasgs dbsing studies
performeﬂdpﬁiﬁtﬂ;dmgrpa}ﬁtaﬂdmm’rmnb boararddon entettapotespechivelythe drkGeRBvisia graph
Illl(;sthrgtm%iqﬁsa@%e ﬁ&%%??a@@@ﬁ-ﬁﬁﬁ@%@%@ﬁ@é&%ﬁ%@ﬁﬁ@ﬁ%ﬁ%ﬁw%ﬁwﬁmﬁ ihith (;'Sflland
o hdocmre salutions aryin . Petaile sgription of the inventi ro rug delivery
devices a?é‘%rrg}%%?? O%Fm%%%% |%1r11t e;Pn% ]rnelgénattl)oné?ﬁ#;n bigglderr@re ,J,%,f}e%ﬁggg Ag]ﬁls?clYg? or lumens.
The devid¥Eish&afbetrals PAE I ot B e TGS SVl B & REt SRHEA St Bridin a
predefinednmemererofioiraherapies requiring bolus (one-time), pulsatile, or constant drug delivery.

Importantly, the inplaatabig.deyieadmeesionedfan seterton sitin dba kotht, ssghoasdvithia the
bladder. Tal {5, g:0eYiER{R dgeige (el xelelion: Sushand seRansedaprlorges
associated with urination. For example, the device may.incluge a retentjon frame, The retention frame
ey b CEITRHIEN THLFRIPERRGL G TBHETeH el R o) ARSI Fiidnted may
assume endiativelid oxpamdsdlisrditia fortasiitee dovn WIkenddeitdenahrsiRi gy ReEBiO0 that the
drug-loadedfeniceeatreasiy diepthepotiednsich asiiarmliiedaiiesd ahape tosickiraightened shape, to
permit degloymentertbrauaia Wmene! & falhaie e heRladd8pposing second end, and an

intermediate region therebetween, wherein the elastic wire comprises a superelastic alloy

or other shape memory material, or a low modulus elastomer, and the elastomeric tube of

the drug reservoir component is attached to the vesicle retention frame about the

intermediate region. In a preferred embodiment, the elastomeric tube 1s formed of a

silicone. '

Disclosed herein is a method is provided for administration of a drug to a local

tissue site within/adjacent a body lumen of patient, for example, into a patient’s bladder.

In one case, the method may comprise providing a lumen device, such as a urethral

catheter or cytoscope, which has a distal end, an opposing proximal end, and an open

lumen extending therebetween; inserting the distal end of the urethral catheter into the

bladder of a patient in need of treatment, where the proximal end of the urethral catheter

remains outside of the patient; deforming (e.g., uncurling) the implantable drug delivery

device and passing it into the proximal end of the lumen of the urethral catheter; driving

the deformed device through the lumen and out of the lumen, whereupon the device

returns to its undeformed shape for retention in the bladder; and removing the urethral

catheter from the patient. Thereafter, the drug is released in a controlled manner from the

drug reservoir component of the device. In certain embodiments of this method, the

patient may be in need of treatment for interstitial cystitis, overactive bladder syndrome,

or bladder cancer. |

Disclosed herein is a method of treatment of the bladder in a patient is provided.
In one embodiment, the method comprises implanting wholly within the patient’s bladder
a drug release device; and controllably releasing a local anesthetic agent from the drug



The device may he non-surgically implanted, such as through a cytoscope, and the e may continue del
iverina a drug long Mier the cytoscope is removed., to contrast to ling catheter, which may act
as a pathé&EJ%@?@é@J@iH‘%ﬁn@?rﬁﬁd%@dﬂ%s%ﬁé?iﬁ@@@ﬁ@ﬁ%ﬂ&%%@%@%ﬂs able to be
located en][?irﬁbl within the blagde{. hu tpe opp tu '%&or mfhe?tion is, greatl dim'nislhed with the

t anesthetic agent in the ur S egin éﬂ‘ While avozdgxg %%1 %ea aa%la
present dévice. : egar%'leng e %Ia er spec-idea the device also advaniageous )Pa resses many
of the defeRsaIBatBIER BiRiBRFAFFESRSAE o g3 ST 52 RF TBRY Ry O RE il ol Sy stemiic
drug deliverppdingedtut) delivesptvidiclevicts eysribeopiaziiyt implemnedlinlitm islatitest TH8(oresent
device cammhe imphantacdnge andcancialeasaibe damsavenmboarirndethpatadpuithautrequiring
surgery oL FemEn iElvERtRNT (UShanta i lilhing dueisseniar diacomverianaldegee).- BY
procedures required to he performed on the patfent: during the treatment process, the present local
drug deliv]eﬁ?%qs}gtgf‘r}( tan improve the quality of life of the patient during the treatment process. The
drug delivery deliseloagiidissiavisid potbpdas siveidfiédos assourmeel Withkgddeniic aintienstration of
the drug whilghiogreiasing: thel aimauisofaplgh delivetedioeellyitotthe fadelder. bladderoneiamgbodiment,

the drug dglivery device mavReriAglveringidoraims BLANAIBRLAECAMNS 29alRone) jpcally to the
bladder over a relatlvec{}/ extended %iné%d of time hlélfS[f, the device ma%{ dpr ?t? a,beneficial alternative
[Uti

, ovi
to frequeNt TR RS MG fISHONE e AR Do RS H ST ?H%cﬁ%%?menn?\g &BBS TRY device may
be a passivethalbinmesofihsldBedrie HatenayBdRe hfe®erd PEtBICEPByAIBERVE DS
catheterizaitsthesc sipuple wharsurdiealragthatierigpfodedbae iUnlike drtrave sicatiihstilkiiomfwhich loads
the bladdgpwithgselatively high concentration of lidocaine over a relatively shon time span, 15the
present device may permit contin HE}HeleaSi&gﬂ%ﬁ?tib@X tower level of iidocaine over a relatively

longer time span. Thus, the patient ma é’)%f)lél Ience sus ainéd refief from the symptoms ofIC/P135

without receivind KXtidrisrtRiPe oA iAo rratatiBea-ef i ik sErssang 178 tedmfort and

inconvenienesmddédepgated intravesical installations. Further, it is not necessary to deliver the lidocaine
in an alkaline soltEninodsrtpashievarROslidetivadinddadigaue aoneeptiatiorssiohadmplantable

Deng Deliyey PNt R ambodinentss e dlugdaishaeKsa ey g panplRations: the

drug reservair portion andthe vesicle retention frame portion. The drug reservoir portion may be

referred t63&7&h as the 'device body" and may hold the drug to be delivered into the body. The

retention frame §3fGoR Hastistensacededingt tHe dhug resandirnssiiBrodteAaierdeliats retaining
the deviceénithe b IGG. Busisaterlaniexafple shbodicrentsaftienteidee 4@ Hi€:dadice having
both a dryg Jesarvol.paktipy;dw and a retention frame portion 14. In embodiments in which the device

is designed for . bladder, the retention frame o(rg&ion ma irgpede accidental.vor ing of the
A the dr

. . 4 is a cross-Sectional view o € ment o U FeSELy.olL, PO o3 .
device, and thusE[Fn% d’rusg réservoir porﬁon, trom thé er. ﬁ/loregspeu |callt§/, ug delivery

device maychiataBHEANg HeBMAEDSIENTE Py RaVEIP R PEAMER shape and. a relatively lower profile
shape. The relatiVBl Buer profitesectional viewisériimgtiiedimgndalivergrdeviesrimio thetivody. For

example, fheifelatively fwesriafile shapemax basuiiedfeitnseingdhekisigreliventigevice through

a structure.

FIG. 6 illustrates example shapes for a vesicle retention frame portion of the drug
delivery device, the shapes including one or more loops, curls, or sub-circles.

FIG. 7 illustrates example shapes for the frame that include one or more circles or
ovals arranged in a two-dimensional or a three-dimensional configuration.

FIG. 8 illustrates examples embodiments of a pretzel shaped retention frame
having one or more drug reservoirs attached at an intermediate region of the retention
frame.

FIG. 9 shows another embodiment of a retention frame having a number of drug
reservoir portions attached at an intermediate region of the retention frame, with FIG., 9A

7



catheter into a. cavity of the body, such as through a urethral catheter into the bladder. An example in
shown in FIG. 2, which illustrates the device 10 of FIG. 1 in a channel 20, such as a working channel
of a cystoscope or other catheter. In such embodiments, the relatively lower profile shape may be a
relatively tuBtfat"&8F4ted, or linear shape, such as the shape shown if EIGS2EF%4447 the device
may pass through the catheter. Following passage into the body, the device may assume the relatively
expanded shape, such as the shape shown in FIG, 1, which may facilitate retention of the drug den
vety device inthe body cavity. .  In embodiments, the.drug deljys vice may naturally assume the
relatively exr%ﬁ'?%é%nskh){géﬁeﬁ.’%é’ % evice ah%%'%%}Xeﬁg?f}cgéﬁy*%}égfoiﬁﬁ!éﬁElé:itgdﬁtﬁémr% 3%219 lower profile
shape for insé¥tiehiintaRb B dyarddie devcsitiay spotitaneously or naturally return to the initial,
relatively expandedrshapeipneadnplantegitonretantion:within thehosia:s of 1 Hhe: eention frame may
have a certai{rimeg.lgs‘ti‘_c\:_.lgilrpi_t nd meujI}J§ g_ihat 9I Q}/ysi.tqr}g glqyicg t:oﬁbejgtroduged into the body in a
relatively lower Br% ife' %piea‘bﬁ”ts%ﬁeon b%r‘rﬁll?té’“ 1610 Tetdr the refd f\?eei’)l/“é}Qpraaﬁged shape once inside
the body: The devidd<mull' Histrigecstsgticioht shastiCenrotigertodmpedelthérdedibedrom assuming
the relatively Jowerprefile shape eneedrplanted.seRsdeliniher pravantiaceidgntally expulsion of the
device from tpe body under expected forces. For example, the characteristics of the :retention frame
may be selectéd o facilitate retaining the device in the relatively expanded shape despite expected
forces in the bladddiilsuGh iasithieshipdroblyhamicfordes dssociatedawiti@Burinsitioror contraction of
the detrusor musclefhusexpuisionimtheRladdenisimpeded oo RGN N8R, wehigmbodiments in
which t eidru%% d_eliverg dev__g}ce_ is designed to he implanted in the bladder, the drug delivery device
may he tesidhEH e BE THEEITEd into and retrieved from the bladder through the urethra cystosc. Thus,
the device may be §SiZed3and staped tOHitahrotugiva nardw tidbutar patheoflasoytoscope. Typically, a
cytoscrme fog&@:@%ﬁg&n@@@b%ﬁﬁsﬁu&@mm&w @fa%@!?ﬁ%1@3,%@51911M¥P£!§m&>%@”e' having a.
ve

diameter of about 2.4 mm. Thus, the device may be relatively small in size. For example, when the

device is eladtidHISHEToTRTEd  HE STHIGERFBRR rofile shape, die device may have a. total outer
diameter that is lesElfiaht abouibd4dmagmstokias hetweaemaneut 2@ muh-a@nd akiont 2:3 mm. 30 In

additionyto pqwgg'{&gim%g@ﬂvggedr&[ggveIy small size of the device may also reduce patient
discomfort and. trauma to the bladder. For example, the relatively small size of the device may reduce
irritation of the bladtbftHyBHE IRt AT <P SREIBIE O PSR IRE tHE S8 HERYBh B lifgency of urination.
The device may alstfiaueiasdensitiidhatidllessithan the dbnsityiafugneoswatet:so that the device
may float insigethe bladder. Such WO 2009/076547PCT/1JS2008/086467 " although not

required. may prevent the device from touching the sensitiv region of the bladder near the bladder
neck, For example filte HBUIEEHEPBE fATHEt e ralative i Isrrdensiy miste Aatsl 8¢ construction, or
air or other gasimaydaei@ntrapped in the device, The outer surface of the device, furthermore, May be

ot and smooth \Wikiel! 31PN, SRR liRe . SRt SR gHIslon ARd ghiape of the inl drug delivery

selected depending upon a variety of factors including the specific site of implantation, route of
implantation, eR§ aEEagE e it aiy dnarapanie sabislicktion of the device. Preferably, the design
of the device will minimizeitherpatientstpainand discomfaripwhiedRdetiveringmdherapeutically

effective dosg, gf th? dru Ipcally to the patient__T e intravesical .drligr&li_ve_ly d?vi e can be made to be
LR G- lf?‘!iﬂ % 4 um}g A COMMPTEss1on lest whersin o COTBRICASIVE T8 WS d}'}p W To the

completely or partia
25 franm.
FHG 20 15 a graph llustrating force and displacement data collected during the
compression st performed on the device shown n FIG, 19,
FIG. 21 is a graph illustranng the release of idocaine over time exhibited in vigro by
various mplanable drug delivery devices.
36 FIG. 22 15 & graph illstrating lidocaine plasioa concentration over time exhibiiad
for vanous instilations and implarted devices &1 vive 1o rabbit Madder.
F1G, 23 a graph tlustrating lidocaine plasma concentration over time, exhibited for
varicus mstiliations and implanted devices in vivo in rabhit bladder, with the v-axis

modified.



resorbabie so that. no explamation of the device is required following release of the drug formulation.
As used herein, the tem "resorhable- means that the device, or part thereof, degrades in Vilt, by
dissolution, enzymatic hydrolysis, erosion, or a combination thereof 15This degradation Man at a time
that does not fhtdPf&t&RATth the intended kinetics of release of the drug fr8fHHE2EEEEEEor example,
substantial resorption of the device may not occur until Mier the drug formulation is substantially or
completely released. Alternatively, the intravesical drug delivery device may' be at least partially

non-resorbable, sugl the de i(ﬁe ma bq r(;n?oved following release of the dru .[ormulation. In
. & o A 15 8 DTADR LOSrai s e HEOCHNS NRSUS ooy ‘-E.t%l’ai@ 1 0er N, 8K 'h)é{ﬂg .
such embodiments, e device may not’be completely resorbable; for example, evice may be

partially resofpiatsiécse thidithe devdeeiupons padrtiableSerption, breaks into non-resorbable pieces

small enough to besgycratad: ran thesbladdar Msefulhissampatibleieseibablg.andnanrasorbable
materials of con?ﬁguction re known in the an,.in er}jbodiments e devi(ﬁa m@ﬁgﬁjformed. from
&

materials suifSd 1P TG APPTFRREHS “ShiaH A< Theties &’FQ ERliteis ral latex, PTFE
oPTFE, stainfessastaatiniunedpélgidyetnon Ferro magnetic metal alloy), polypropylene, 'polyethylene,

polycarbonate, polyggiess pyiem A sambinatignsithereelThaDrugReserveirLarienkhe drug
reservoir por%?g of the d(iwce ma wcm%% an Igl{r%?ate tube. The tube ,e a first end and an opposing
\n

second end. AntEHAFPHREHLBE HiAD  BRHNES S0 Fes 6 sahd 'W'dfag4ermulation core may be
housed in the rese®Aéi. ZT resdrag:fdevittatiohaadiycbel it faos tbsthntigllysséliddomm, such as a drug rod,
although Oth%!’\-lﬁgmﬂg&ﬁﬁﬁ@ﬁﬁaﬁ@}mmlﬁmmﬁ;%R%:.@QJ&E?%? SRSQ:ArR.apgrinres for dispensing

the drug, such as via osmosis, diffusion, or a combination thereof, among others. In embodiments, the
release tate &FHTE"dFlg from the drug reservoir portion may' be controlled. WO
2009/076547PCT/WB2088/086487iikena@xaripe a:degradable imambkranemayheasdnore of the

apertures to gontrolthe.dnitiafion pfrelease. ofhe druwforuliationsfrom the reseryoir,As another

example, a sheath may be positioned over a portion of the tube to reduce the release rate, such as by

reducing the 'if'éﬁ‘?ﬁi%lf{surface area of the tube or by reducing diffusion 5 through the tube waif Also,
the drug reservoir portion may be lbeastiAl ramrigtnugiphdimandamposite designed, to release at a

g resarvoir port e e L B e o e be 30
defines a resBrfgi $oRg ahtAtE s arigros 3ACERTC SRR tilssed torigrse FOSeREd with sealing
structures 35¢duthes desecrihed: belowoAmmatray pirpesilEas36 maydedispesaddnoithetube. 30
closed off by{ggg[x%gltggzst&m%ngrrpu%ggng&s d%%fery.
Importantly, the implantable device & designed for retermion swithin the body, such
260 s within the bladder. That is, the device is designed to resist excretion, such as in response
10 the forces associated with vrination. For example, the device may include a retention
frame. The retention frame may be configwred into arelatively low profile for deplovinent
info the body. and once implanted may assume a relatively expanded profile (o faciiitase
redention. The device may be lughly Bexible, so that the drug-loaded device can easilyv be
25 delprmed, such as from a coiled shape to a straightened shape, o permit deplovimen
through a hanen of 2 catheter o the bladder.
The device may be noresurgicaliv implanied, such as through a ovtoscope, and the
device may continue deltvering a drug tong after the cvioscope is removed. i conteast {o
an indwelling catheter, which may act as a path for bacteria o migrate into the Madder, the
3 umplanted device advantageounsly 13 able 1o be located entirely within the bladder. Thus, the
opportuniiy for infection ks greatlv dimimished with the present device.
Regarding the bladder specificalle, the device also advaniageousiy addresses many
of the deficiencies of conventional treatment options, such as drug delivery via instiliation,

systemic drug delivery, and drug delivery via devices ovsioscomcalhy implanted in the

o



In a preferred embodiment, the drug reservoir portion operates as an osmotic pump. In such
embodiments, the tube may be formed from a water permeable material, such as a silicone. Following
implantation, water or urine permeates through the wall of the tube, enters the reservoir, and is
imbibed by th€ am2¥sdHulation. Solubili zed drug is dispensed at a. contFéIEHSA08/ GGt ST the reservoir
through the one or more apertures, dnVell by osmotic pressure in the reservoir. The delivery rate is
affected by the surface area of the tube, the f the tube wall, the permeabihtv to liquid of the material
used to form trbi‘ tube, the shape, size, number and placement of the apertures, among others. The del
i von? rate cd % “{p%lﬁei@fgﬁlﬂgﬁ%*fﬁé‘% \ sff@B%ﬂ%ﬂfi“@éif 5%‘%%@?@" SURATNG the Barticular drug

ystem, accorditgdal welhdknohrnipanoiplespwhich drerdesoribediforexamipletind hidduw Sci.,
64(12).1987-g1 (1975 Example.asmptic.Rummdesions aod aauatiens donsuch,selagting such

designs, are described below with reference to Examples In an alternative embodiment, the device
nsaidly by difi &R G Ga g SR E B R TR Sx BihPiE Bra s g bihe apertures, the
wall o.f thé tube:wor aﬁq@n'biﬂamm{ﬂmareéﬁfmsfﬂtb othern émbadimentsnthigdevice Thayraperate by a
combination gfpsmasis.and, diffusion. Jn smbediments. e drg LeR UM PIAYRE faymed from an

elas'romeric 30material, which may permit elastically del:Om-kw the device for insertion. For example,
the tube may bietsstiehily Betmivnedamy tith e vesipretoriioh habhd4sr intravesical
implantation, as descsibethinduitheridetail: belowy devidarembedimesiits«the idkugineservoir -portion may.
be made of ahigcompatiblpwaigrpeumeable. maigral known.in etk which may,permit releasing the
drug from the WO 2009/07654/PCT/US2008/086467 reservoir via osmosis The drug reservoir
pot-nord “e SUBSIEAHIGIREP RIGE MRELNE ) A ETHBDE R SRR R SERIbIFHEAISH May be. fonned
fromat is both piastemena:anthwaterpermealileN:plermateridl isssilicanesthat isboth elastomeric and
water permeahg%c lil;]ql; pi\g%g, _,a[igz_lxe @Iatgriqls may. be ysed, The length _hd'qmeter, and thickness of
the tube mayﬂf)&erséﬁéétté\dﬁbasdéﬁg ﬁn the volume Srmuig%dﬁ to “‘é“‘é’é‘ﬁ{%‘?ﬁéb? %ﬁgﬁg’&ﬁed rate of delivery
of the drue frgmpéﬁéqﬁﬁggmﬁ'} oulpattent procedurs, Unhike intravesical instillation, which loads the

hladder with g relatively high concentration of lidocaine over a relafively short time span,

it
T4

the preseny denvice may pernyf continuousty raleasing a relaively lowsr level of Hdocaine
over g relatively longer e span. Thus, the patient may experience sustamed relief from
the sympioms of }OPBE withouwt recerving & high smiitial concentration of Hidocaine and
without expertencing the discomllon and inconvenience of repeated intravesical nsialistons.
Further, 1t 18 not necessary 1o deliver the lidocaine in an allialine solution 1n order 10 aciveve
20 effective bladder tissue concentrations,
I, The Impiantable Broay BeBvery Device

In embodiments, the drug delivery device mayv Include two poimarny pans of
poriions; the drog reservoir portion and the vesicle reteniion frame portion. The drag

reservoir portion may be referred to herain as the “device body™ and may hold the drug to

[
L

be deliverad info the body, The retention frame poriion may be associated with the drug
raservolr porlion and may faciliate retaming the device in the bodv. FIG. 1 llustrates an
example embodiment of the device 18, the device having both a drug reservelr portion 12
and a retention frame portion 14, In embodiments in which the device i designed for
umplaniation in the bladder, the relention frame portion may impede accidentyl voiding of
3 the device, and thus the drog reservoir portion, from the bladder

More specifically, the drug delivery device mav be elastically daformable between a
refatively expanded shape and a relatively lower profile shape. T he relatively lower profile
shape may be swiled {or ingeriing the drug delivery devics into the body. For esample. the

refatively jower profile shape mav be sutted for msertng the drug delivery device through a

1



the intended site of implantation of the device within the body, the desired mechanical integrity for the
device, the desired release rate or permeability to water and urine, and the desired. method or route of
insertion into the body, among others. In embodiments, the dnig reservoir portion. has a length in the
range ‘about*PHi%874H3ut 10 cm, an inner diameter mm ci  of about OFS FRA9HI6472 mi d about 3
mm. hi one embodiment, the devi tar in the range of about 0.6 s nonresorba.bie. It may be
formed of a medical made silicone tubing, as known in the art. Other examples of suitable
nonresorbabie materials includ nthetic polymers selected from poly(ethers),
polytactylatp‘dﬁi/lz}ﬁéf ié}éfﬁré{fgsy? fc)%g I§} ‘f/i?hﬁf&%ﬁ/}bffggmn%ﬁ's{ uf)%%f/ {/fﬁggﬂé“ge lé(fééfi E’ ?‘8&@ r%’fh anes),
celtu'loses. celioseradetanes Fpohi sitbxandsirpolyitetrylend) opbkiitatraiubroathiflenisl:and other
fluorinated pelymers:RQlsioxaReshcenalyMeLs therea!: and.combinations theteafive, In another
embodiment, the denge 'bodg IS _[esorl?abl .In one embodiment of a resorbable device, the tube of the
i

bodly is formeti* 8t 4! STBGA I Sr BIESRSIBE Bo R A RS PEiteh S FstHiSble materials
include synthistiepolyiters selestéd forepoh”angtes)oiptly (estars) fpdly(estenamides), po

anhydrides), pokertheestarslnpoldRhaspRazenas, PSaHIQ: ROlY(RMING aEids),POIN(igerol-sebacate),
copolymers t?lje eof,. I}f} é;glxtures thereof In a égreferred emboditnent, the resorbahle svathetic polymers
0

are selected {F‘hlp%" BH SEHEY° SR SO E SLHESFALHS L3 Gy R W& Boly(caprolactones),
and mixtures there&f @therwerabie: biopesdrabliiesetastamerscific| vdenpoly caprotacione) (PC)
derivatives, aming:aicrhnl-based poluesienapiides)dbibA) and ol foctang:diol ciiate) (POC).

PC-base{d polymers may require additional cross-linking 30agents such as lysine thisocyanate or
2,2-his(LaptOmREtoh FSHBTSpATE & Soin RS HHHnEpropuiEe e bty Fs &R Bortion max, be
made as destrlbetainrtab: <R atentdepplicationPublieatiinNe e 200-%10202:5ddo Lee et al., which is

incorporated herein by (EIRIGGE . 200801084 IRCTIHSA080RG40 . ui s entoned, k. tube

may he hollow. so that the drug reservoir is defined therein. For example, the tube may be
substantially FH&ESr s HIHESEB StHIARy Sy iamEarTh Shaser PRl hans bubEag HEE%. circular
cr_oss-sectiorﬁehmm\temmtherea}rﬁxsag&aqatimmﬂ Shapesobhiie: tibeddre enyisiasedsugh as square,
mangle, Bexagon, Ape.AINSIAANAANG,. ARG OIER: TR ANAS ALINGIUBSMAK R gealed fo I

escape of the drug. For example, each en e tube may be closed o usmi;,'a sealing structure, a
medical grad¥ SiicBRecIRe e Gar d8 ARG IS RS 48 avit T e atulsoeshibhfistisis thereof In
embodim e isrsealedwithia seslipgstruetdre; dhesegling sthicitsmay g achallona

[rame may be selected io faciiitate retaining the device in the relanvely expandad shape

despite expected forees i the bladder, such as the hvdrodynamic forees associated with

206 urmnaiion o coutraction of the detrusor muoscle. Thus, expulsion from the badder i
impeded or prevented.
In embodiments in which the drug delivery device is designed 1o be implanted # the
bladder, the drug detivery device may be designed 1o be inserted into and remrieved from the

bladder through the wrethra cvstoscopically. Thus, the device may be sized and shaped o 31

[
A

throngh & narrow tubular path of a cvioscope. Fypically, a eytoscope for sn adull human
has an owter diameter of about 5 iy and a working channel having & diameter of about 2.4
s, Thus, the device may be relatively umall in size. For example, when the device is
elastically defarmed fo the relatively Tower profile shape, the device may have a total outer
cdiamefer that 15 lesy than about 2.4 pum, such as between about 2.0 mm and abowt 2.3
306 In addiion lo permitting msertion, the relatively small size of the device may also
reduce pairent discomlort and trawma to the bladder. For example, the relatively small size
of the device may reduce irritation of the bladder trigone, which is responsible for creating
the sensation of wgency of wination. The device may also have a density that s less than

the density of wine or water, so that the deviee may float inside the bladder. Such

il



or anv other shape suited to plug, close, the end of the tube. An embodiment of a ball-shaped sealing
structure 35 in shown in FIG, 311. Such a sealing structure may be formed from a material a
hiocompatible metallic material such as stainless steel or a biocompatible polymeric material, such as
a biodegrad#ite¥#Biéetodible polymer, although. other materials may b&¢EESPHRE&#Hling, structure
may have a relatively larger diameter than the inner diameter of the tube, such that the tube stretches
to fit snugly about the sealing 15structure, In one embodiment,tube has multille rksapertures nay either
share a common, t(:}iru }r{es’erkvorr or hav‘g arate rei v0|rsf St|tth‘ abmult reserv0|r device is useful in
at least two par icutart Keus oraév E:“eﬁ'embo ’F%r‘éﬂ f;m en TWe BF bre” "éBéPafewar?fgj formulations
are to be delmr‘édﬂfrﬁﬁmﬁé*déﬁﬁ@f@fd@%/iéed®r %%hwherpalmn’gleﬁdldiﬁg@ o delivetddnat two different

rates or at diffesgnydi r@@%&@&k@%&%wplﬁe@@aawe@e w@%&%%&%&@&&%ﬁr&%
pre- programmed to Iease at frr efépgr s second dose is pre- ggrammed to release at a

second, later Mg TR }ﬁ‘re\rﬁ fﬁ&‘%&ﬁ“ﬁe HEHBIRYBY UBRY ottt fiFRing

membrares f@&@hefdmﬁerent reservoirs, for instance with two or more reservoirs, the reservoirs being

defined by the ZSInﬂere'aH%@efem@%u% angd-aigashoneRartiigni.fhe partitiopstrycture in the tube
may he in 'the form of a ;sfﬁherordal object, such as a ceramic bead or other microsphere. The partition

structure alsSTRAFHETRIE SHEH8 § 5%%&436?06§/rﬁr&5?“%3‘ﬁrér’%% figls AfiSHYRYa"Sl50 possible. The
partition mayrbeadnrdserableror. réserbakierdn origtemipadimeritsthenpdrtitidavstructure may be

made of a. bigcampatiblepalymenc materiah SUsha3 m%%rrzﬁegre%g'&eamgﬁrq@r@e polymer. An

embodiment gf such a. drug reservoir_partion is shown in FIG. 4. T ug reseion has a body that
includes & lirnGHF TtiBe Mo RIS \ﬁ%ﬁ%@e&ﬁ?‘?ﬁeqﬁ&*‘a@@iba‘r‘trﬁ“ﬁﬁéﬁ%to three reservoirs Ca, 42b,
Cc, each of which Ras aisingle:Carie spbraing-aperiune 4444y Adepplhgresenails 42 are defined by

the nner surtage, 0% ihe: 0., W0, 200910 OSHIRCTAISA0NR0RRAB egnig s sidewalo the

lute, and by spherical partition structures 4 464 spaced Wrt In the interior space of the tube. As can be
seen, the parfifigi &iftic $8EEHLRRIATDIEETRMF b & At D HaRAgT ‘é‘?&i‘g%?ld@rﬁ%‘ter than the inner
diameter of thestdsireteheld elastomeria:iubeinhithicausesihe subedaistestehiang:snugly fit around

the Spaitionsituaties, SeAlna sACEREIVRIL I SbRdinEnts, palioned feservoliaan aperture

with a faster biode ﬁ? ble membrane rom monopolizing the release 0 rug material,
potentialg littfd B HoaIfRPivsdTaTof Threasalfrowh iy ErursEwin dubsdguenei degrading
membranes. ReovidingRcoparateresanol fofpaghi ipleaseageruremayinereasa e effect of

multiple biodg%r%ﬂ,g\ l? c:tapé'rrt]lg cm?\ebrgm?ce may be gt lesst partially non- w\oibﬁbie such that the

device may e romoved following release of the drug Tormulation. In such embodiments,

20 the device may not be completely resorbable; for sxample. the device may be partially
resorbable so that the device, upon partial resorplion, breaks into non-resorbable pieces
smalt anough 1o be excreted from the bladder, Useful bocompatible resorbable and non-
rasorbable muenials of construction are known in the art fn embodiments, the device may
be formed from matevials suited for urological applications, such as madical grade silicone,

25 mpural lates, PTPE, P TFE, stamless steel, nitinol, glpilov (non ferro magnetic metal atiov),
polvpropvlene, polvethvlene, polvcarbonate, polvester, nvion, or combinations thereof.

The Drue Reservorr Portion

The drog reservolr portion of the device may include an elongated tube. The tube
may have a first end and an opposing second end. An interior of the tube may define a
30 reservoin and e drug formuiaton core may be housed in the reservoir. Tha drug
formuiation may be in a substantially solid form, such s a druy rod, although other
configurations are possible. The tube may have one or more apertures for dispensing the
drug. such as via oxmosis. diffusion, or 2 combinaton thereof, among others. In

ernbodiments, the release rate of the drug from the drug reservoir porion may be controlled.

12



In a preferred embodiment, the total volume of the reservoir (or combined reservoirs) is sufficient to
contain all the drug needed for local delivery over the course of a  therapy. That is, the drug
reservoir portion desirably contains all of the doses of drug anticipated, so that multiple eystoscopic
procedures %@ H8A&etied, or are reduced in 15number/frequency to coﬁ?&t’ét%"‘t?fg"ﬁ%?apy prescribed
for a given disease or condition. in one embodiment, the device body includes one or more
apertures or orifices throughsidewall or end of the tube. The one or more apenores provide a
passagewaYylg [elease ihe diug,formulation from. e drua delivery, deyics, In pne embodiment, the
device 20 includes a array“o two or more discrete apertures In space posrtrons in the tube. The two
or more aperfBPEE R R HiitEshvntimdatsivihdasingiatieee Rt bt Witk alpldrality of
-reservoirs. The:placement ofrperiuressneat thecpasiananthetubaavhishonilihg:faided during

cystoscopie meer ion m yb avo ed in rderto preven the 208 |bIe ear o Hol}/mer biodegradable
ach as FEELIC E SII’IO JC Hm’%&tﬁ SYER OF § 1% RO O 8
membranes on the apertures iments of apertures are ‘Shown orr the tube 30 of the drug

reservoir’portitptsh Wiy RS, 3&:9 . the Thig siseof theaperureerraypdeiselectad toprovide a

controlled ra@g@g&@a@eﬁgéh&gm@g n-embedinents in which the device is intended to operate

primarily as an osm{)tr [the size of the a}tperture may be sel ﬂrg? thgt he aperture is small
é such mﬂ SgeTan Do {P,“ i3 wm}] Sahqun
enough to minimize or 5 rwrse feduc&difitision’or the'arug 't roug e aperture. The apen tues may

30also he coﬁﬁgﬁr@d@t@ﬁr@%ﬁﬁ@%@g@%swﬂwp@ bﬁ%ykﬂm%tremres%@r@mfthe&m@& which may
ir?corlease the NeQlisEs qﬁrttw'ﬁ Winihe Fesenval 'htﬁ@z%Hl‘.tiﬂg“sm dﬁrﬁlglti rr]rgngt babeh rﬁﬁrﬁxamr%teh an increase in
ydrostatic p it nt e reservol n y.the ensuring t ze of the aperture is
large er?ough i#&"%eép%isﬁ‘é’%uf m?é‘ § V? ¥200916%6 41?5981”/?%2%%86467 then
vary theumberpésdeh’ Eaﬁpeim&%e@ndptﬂyedingiaﬁslﬁgtermmeabreser%rr) in order to provide a needed

total, rate of drug r@t@@ﬁe%@m'&t SxSmpiay %EQQRQJEQ%’?I&J{‘&QJ@%F%@ st%tﬁ%ﬁ&‘{ﬁd% between about
2.0 pm and about $00 pm (e,52,, 20 10Mal, 25 to 73 um, etc.). In one example, the aperture is circular

and has a lé*te‘r‘cﬂeﬂﬁé&w}a’%dt‘??%ﬁ?ﬁn%ﬂa‘%‘tﬂ:ﬁ ﬁﬁ‘p‘rﬁ“ il ﬁﬁgﬁtﬁreé%ﬁ’?ﬁies‘ﬁt‘eﬂ%ﬁerture is circular
and has a. diahzeter betweep alpbut 20rpmasndrabog p@Senss ihromg: Partictilar iexample, the aperture

has a digmetgy, of @QQ&%ﬁQnWE&u'R %HBQ&%‘J'W%H&%WD?c?ﬁzutﬁﬁtgz‘?V%B@%éﬁ‘ﬁ%P{ maily.Qy diffusion, the

apertures may be in this ramie or larger. A sing [e device may have apertures of two or more
different size& HEE LRI Y 8fr%l’&|*‘tﬁ‘ %ﬁé&fé’“ﬁ 5 a5hGiHeE REFES B B LLiBIE Y envisioned,
and will v -s" paliyudependen-manlifacteiring considéiatiors. v entiembodintenttthéapertures are

drilled by lasgy ablation; ubatbe Fligane 1hbe,k, \Orﬂqm@ﬁttﬁm@r W mayng%g%%%rated us

ultraviolet excimer laser microinachining system. In such embodiments, the aperture may be slightly

tapered from®f BRESAGT S EnBifoise Faipikad P b HiReEs: Wé&ﬁﬂ’ﬁﬁe Thiedsbertire may have a
diametetiof abruiibbdindlong ihe dutersurfacerofthetubewaliiand the aperturémay have a

ciameter of apaLAS.a.A1aG i (Imenswfees,al e ubeaal Alhiough oy, ofer,configuration is

possible. The apertures mayt en'be covered odeg radable ti timing membranes. A person of skill
may be able oS tashl AHEtigH t5H 1 2L 198791 (1975}, Lvunple osmetic pump destgns, and

squations for such selecting such designs, are described balow with referance to Examples
i-3.
25 in an akternative embodiment, the device may operate sssentially by diffusion of the
drag from the tube trough, for example, one ov more of the apertures, the wall of the tube,
or a combnation thereol In siill other embodimenis, the device may operale by g
combination of osmosis and diffusion.
in embodiments, the drug reserverr portion may be fonmed from an slastomeric
3¢ material, which may permit elastically deforming the device for msertion. For example. the
tube may be elastically deformed along wath the vesicle retention frame for intravesical
implmuation, as described in further detaid below.
in embodimenss, the drug reservoir portion may be made of 3 biocompatible, wates

permeable material kaown in the art, which may permibl releasing the drug from the
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20drill in a medical grade polymer, via either through-hole drilling or depth-controlled to create a
well-defined hole with a diameter as small as 0.050 mm. Therefore, the apertures may be created
before or after the drug is loaded into -the tube. in another embodiment, one or more apertures
may be form&8 #%8AGftice structure disposed in. an end of the tube. SuE&'BHEHIBBEA#EENt is shown in
FIG. 5. The drug reservoir portion may have, a tubular silicone body 50 with a precision orifice
structure plugging one end of the central bore of the body. The orifice structure 52 may include an
apenure 54. A sealing structure, such as a microbead 56, may e opposing end of the tube, and
a drug formufation 58 “hay Be disposed i the %%Wo‘lr‘ﬂg?lﬁé“ 6 é’é B gcé Y fucture 52 and

the mlcrobea@lﬁﬁmﬁhféfﬁorlflce structure may be a precision orifice 30known in the art (available for

example front Bird Br@ﬁ&i@m@@f%%M@@&&w&lmgaw)@h&%ﬂ@e £ae:ednserted within and/or
attached to the |I|cone tubin % with adhes%léas In. one exa %sz HT device may jnclude silicone tubing

having an inn& 3?3?‘35%%‘? FROE B AHE tePHFARSHS GF SRith i gretibion orifice structure of
ruby or sapphireteneihavingan jeuteridiantbterionhdiboit do Sl @nﬁsmaﬂemzfs)é»gmdable Membranes In

one embodiment, eaghy.fthe; ARg-erMOfARRIsarRdaRGH. dd@@ém@a%\{&ra%'ﬁ; eagh.f the apertures

(e.g., in register W|th the a gerwrel to control the time at which release of the drl:ﬁ%formulatlon begins.

In one embodifgist W HEGT AN BB HHEIHFARESTE T THE JoRt s a b kiftrecatiit; &Rering the outer
surface of theitubemkthetdevicetivoay:lnf drnctheremibodimeénty discretexdegrddabieé membranes may

he provided suhstantiallyithin the @a%{w&&om@mmnsa%m QUMUK degradanle membranes n

he used.to control release from one aperture. The thickness of the degradable membranein a
particuldt sy tETRE U MAETEr doHsF @)55?‘5’6@7‘ SHAME ERSTGR SRibee R A HophieE 8t the material
of constructionssetgcted:forithe tagiatablemembrane (whiehspoimarityngaverrtharate of

degradation):smverhas A, daslie e OLAe v of dia Friaaee e, RRIGNAY g0 delivery

device. See, e.g.,: Richards Cirayson, et al., "Molecular release from a polymeric microreservoir
device: Influéﬁ%‘“%‘f 6‘?%%1% polymer swelllng and loading. on device performance" Wiley
InterScience (6 Aprik 2004)hGlaysonyedalc M@itmmﬂ&eeéjugaﬂelwegswembm@s@rbable polymeric

microchig deyige: Natue. Materials, Advanse, onfine Publicelion (19 Qtober, 2003); U.S. Patent No.

6,808,522. In one em odlment the degradable mem rane as a ness between about 100 pm
and about 2. %%m%&*&ﬁ‘&é}bé‘ﬁh@éh‘ K@%rﬁ”é‘ﬁ‘é%@@imﬁ from 'ﬂ’ﬁé@ﬁé’ﬁ%ﬂﬁﬁé@«ﬁﬁb&ﬁe formed of a.
buocompanbl@cmateaahﬂmmﬁne;ﬁm@@dlmem;dm@@ﬂﬁhﬂﬂﬂ%@f@&grmmmﬁsorhable synthetic

Polymer such g Relvesit. polyariyelidel oL 2. ONGRRIDICnG. I AOOILRY epbodiment. the
membranes are rme aresor olog |ca aterla Suc 5 ﬁ Stero ‘]IpIdS and fats.

For embodumémé%ﬁn’@g@ gevies. PP\Nﬁi&Sh\*?{?i%}d%Wéd% r@ré@egeda@ugmwfﬂsp%@ménod of time, the
degradaple membranasaay befabricated fam.quiekly disiniegratingniaterigisincluding, for example,

poly(lactide-cg lide). copolymer |n|n \a Ql rL C I!ge ntent, co rs of poly(tactones)
with fast degraagr %((ci)% tolllg"néié',,géce}r”gﬁl’no?ofg ? y “;g jg;ogeé’ gqlb%[S% %{g quar

polysaccharidfeamrige ﬁﬁﬁy%ﬁﬁdﬁ@iﬁ*ﬂ%wm@hﬁé lﬁﬁg@? *@F‘ﬁiéﬂay@é} relsaskdidd is‘ﬂdeswable the
degradable membrane may kedfabricateddramipateraisthallake longendo.disintegrate, for example,
resorbable bl?{!?%&‘ms;} hazenes, pseudo poly{amine acids), poly{giveerol-sebacate), copolvmers thersof,
25 and mixtores thereof. In a preferred embodiment, the resorbable svnthetic polvmers are
selected from polv(lactic acids). polv(glveolic acids), poly{lactic-co-glveolic acids,
poly{vaprolactones), and mixtres thereol. Other curable biotesorhable clastomers include
poly{caprolactone) (FC} denvabves, aming alcohoi-based poly{ester amides) (PEA) and
polky {m:’ra;1.a~éi<>i citrate) (POCYL PC-based polvmers may require additional cross-linking
30 agents such as fvsme ditsocyanate or 2,2-bis(_~caprolacton-dvDpropans 1o obtain
alastomernic properties.
‘The drug reservoir portion may be made as deseribed in U.S. Patent Application

Publicapion No. 200740202131 1o Lee et al., which s incorporated herein by reference.
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materials such as cholesterol, other lipids and fats, and lipid bi layers, polymers such as WO
2009/076547PCT/CTS2008/086467 pa.or certain poly*riandcopoly iners with high lactic Cant-ern.

In certain embodiments, the degradable membranes permit achieving cot elease profits from a single
drug d ,ery d¥¢ide?fY6Hé emhodrmerw. this may be accomplished by hakffgiResdseseTetdifferent
anertures. either to the same reservoir or different reservoirs, M one c,e of the membranes is formed
of a first material and another of the membranes is formed of a second material, wherein the first
material has a different de ra tion rate in, W%[ v/ com| ared ¥o the second mg eral n another case, one

HEREE TN (A Dther BIHE RIEHTBIERE R éizﬁ“‘éedbrﬁ'dﬂ‘ greater

of the membranes ﬁas S retthickness and
thickness. Thege@ppledthabmiay hestiitediabndrmatohbdtontosigalia partibuldrirslease profile, alone

or in combinaign withkinglics.alieung.aperoachas.Rased.an fensulating the drugwithya release
controlling ex% cép I%d material, 0 Wyerm a. portlon of the drug reservoir portion with a release altering

sheath, as d & d BEH U EOR o R RH TR EP G P TTRTEE%h 1R Hde esse,any them
ufictylactic, oriiay nﬁsztfwé?génimhatwwldc beriggafulto: deliveridtalyuto BdbodyrpavityciThe drug

formulation may gansishoRly. ot m@qa{e@,@amammg%e&w mereAharmageytcally acceptable
excipients. En ?egreferred embodiment, the d Lgt%;)rmulatlon IS a solid omi-solid 20order to reduce the

overall volunEFtHe APt I RRUTSHSH ARP ISV St et e dsiee Bemeadibidtote ease of
implantation. Whe: Senidsolidefdriniay shdifostexamplb; anlemulsionomsuspension:daiget or a paste. in

one example,the dryg Qe ﬁmwm thedorm af.a.salid drugod, Fmbadiments,of drug rods, and

methods of maklng such ru rods, are described in U.S. Patent Application No. EI1463,956, which is
incorporkted By Fé‘?@?‘eﬁg&tﬁr fts;‘bﬁt%’f?“ The Grdd rmﬁﬁéﬁﬁﬁ%@mﬁéﬂebﬁ}%&a&ﬁ&%ther extrusion
or casting 'teéliniguesknbwncir tiveréit: Fanibxamptey sudilg votkiconpelsingithondreion 6- sulfate or

chondmitin syt e atmIeg DYIHORAMOS WD ARACSONS GG sRiion and then alloving

th.e solution to evaporate. As another example, a dru rod comp rlsm docaine may he formed may
be formed bynmmrilg. éq}abgcmw aﬁ%@ﬁ%ﬁé@mmﬁw v have a re[&m el larver dizmeter than the

iner diameter of the tube, such that the tube siretchss 1o fit snogly about the sealing

15 structure,

in one embodument, the tube has nultiple reservoirs. Moltiple apertures may either

share a common drug reservolr or have separate reservoirs. Such a mubti-reservorr device is
useful 1 at least two particular tvpes of device embodiments: (1) when two of more
separate drug formulations are (o be deliversd from a single device, or (2) when a single

20 drug is 1o be debivered at two different rates or at different times following implaniaiion,
such as when a first dose of the drog s pre-programmed 10 release at a first tirne and a
second dose is pre-progranumed 1o refesse at a second, lafer ime. This different pre-
programuming can be achieved by using differsnl timing membranes for the dilfferent
raservoirs, for instance with two or more reservoirs, the reservoirs being dafined by the

25 nner surface of the tube and ot feast one partition. The partition structere in the wbe may
be m the form of a spheroidal object, such as a ceramic bead or other microsphere. The
partinion struchure also may bein the shape of a disk or cylinder. Other configarations are
also possible. The partition may be non-resorbable or resorbable. in one embodiment, the
partition structure may be made of a biocompatible polymenc material, such as a

30 blodegradable or bioerodible polvmer,

An embodiment of such a drog reservolr portion is shown in FIG. 4 The drug

Feserverr portion has a body that inchudes a Hincar tube 4. The bollow space in the tube 40
is partitioned into three reservoirs 42a, 42b, 42¢, each of which has a single corresponding

aperiure dda, 44b, Mo, The reserveirs 42 are deflned by (he inner surface of the tube 48,
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30solution comprising lidocaine, allowing the solution to evaporate, and then crystallizing the ing gel.
In many embodiments, the drug formulation desirably includes no or a mumi y of excipiem for the
same reasons of volumesize minimization. in other embodiments, the dru% formulation may be in the
form of a liqhie 2&BHIiBH7, 'on, emulsion, emulsions, colloidal suspensiong“SIEHEE G ixtures such
as WO 2009/076547PCT/1JS2008/086467 hvdrogels, microparlicle for iof The drug formulation may
be in a powder or pie. as a li dratable or water soluble solid. Pharmaceutically acceptable excipients
are known in_the art and ma Miscosity modifiers. hulking agenfs, syrfa ve agents”
dispersants. 6%‘?%‘31310 3 ﬁe"[r?tsg{i ffluentéL éizr}]d oth iE;irj"}r?(ﬁlr]?éitcf:ttz‘lji;g:'nl{r‘llgreéi en%ihéﬁée%)r%rﬁglatlon intended to
facilitate hantﬁm@o%@ébm%mdﬁepeﬁgiwmymv\fétﬁawey AhEFBPFSREasBIRFEHEE JFtRETETE (i.e., the active

aceutical 'ng§§a@61‘;;@[}i€it@gﬂ&%ﬁlﬁzagﬁﬁ% v hiiagRaEicylarembodimentathe dnravesical drug delivery

device is used rov; relief te ?tlent var %et of a sthetlc zf\gept angl&esm agents, and
. . m S u ‘ie a& QI!"IL,H Y 3 se5 13 0 ‘%iiﬁ‘ ld 5 I{SL h akou
comblnatlons €reo ep resen ative examples o ab esuch agents mclude lidocaine

hydrochIérideﬁ@m@:@ﬁﬁ@ﬁ?ﬂfcﬁ@h’f@rﬁ‘@@} wadieyialcohol, tetracattie hydrochlorlde, phenazopyridine
hydrochloride, aceﬁmm@;ahmeﬁmm&y&@&iﬁw&aﬁdnﬁwﬁeﬁaa&hhﬁ@d@@r@fmmmmethacin naproxen,

codeine, oxycodone d fentanyl citrate. In. a P rre Q rp the dewce is used to deliver one
1< %gfﬁi‘ mi)m: ME‘FH nieno obzing the 1 «.aseo e 0 Ty
or more local'a agen S anesthetic agen e ac ca ne —Thane In particular

embodimentsofitive Jdewe@ tHéelocat dnasthietie! éqeﬁte@eﬁ@mmmideﬁmiamm&ter or a. mix hire

thereof. CO%@&@Q%&%@M%‘&%@Hﬂ&@%@@ﬁ&@&@@%ln@stkqe@;@fegéﬁeﬁe%emmoesters are
envisioned, Re resen vee ng) sof @ Ie aminoami smclude lidocaine, prilocaine,
A4 FE) &

by iR
inepivadiine ™ dSF & USSR TSP BEEible aminoesters
in a;&tefeued embednnefm the {otal xoiumee iha reservoit (or combined

resarvoirs) is sufficient (o contain all the drug needed for local delivery over the cowrse of g
single therapy. That is, the drog reserveir portion desirably contains all of the doses of drug

anticipaied, so that multiple cvsivscoptc procedures are not needed, or are reduced in

et
L

number/frequency 1o complete the therapy prescrtbad Tor & given disease or condition,
- Apertures
in one embodiment, the device body includes one or more apartures or orifices
through the sidewall or end of the tube. The one or more apertures provide a passageway 1o
release the drug formulation from the drug delivery device. In one embodimaent, the device
20 mchudes an array of two of more discrete aperfures in spaced positions i the ube. The twe
or move apertures may be in fleid compramcation with a single resery oir or with a plurality
of reservolrs. The piacement of apertures near the portion of the tube whick will be folded
during cvstoscopic insertion may be avoided in order to prevent the possible tear of polvmer
bledegradable membranss on the apertures. Embodiments of apertures 36 are shown on the
25 tube 30 of the droyg reservelr poriion shown m FEG. 34
The size of the aperture may be sedected to provide a controlled rate of release of the
drug. In embodiments in which the device is Intended (o operate primartly as an psmotic
pump, the stze of the aperiore may be selected such that the aperture is small enough ©
minimize or otherwise reduce diffusion of the drug throvgh the aperture. The aperfures may
30 also be configurad to prevent excessive budldup of hydrostatic pressure in the tube, whach
may mcrease the volumie of fluid in the reservolr, resulting in swelling of tube. For
example. an increase in hydrosiatic pressure within the reservorr may be prevented by the
ensuring the size of the aperture is large enough andfor by spacing a number of apertures

along the length of the tube. Within these constraints on aperture sive and munber, one may
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toinclude benzocaine, procaine. propara.caine, and tetracaine. These local anesthetics typically are
weak bases and are usually formulated as a salt, stic"h as the hydrochloride salt, to render them
water-soluble. In a preferred embodiment,present intravesical drug delidevice is used to treat
inflammatorly BFHEAEGHE Such as interstitial cystitis, radiation cvstitis, paitGEBi&HePEHdrome,
prostatitis, and urethriiis. Non-limiting examples of specific drugs for these conditions include lidocaine
hydrochloride, glycosaminoglycanschondroitin sulfate, idek pemosan polysulfate sodium (PPS),
di.methvl. sugo’xiq(e (I?MSO) 0 vblg\a/,n!rn,_;:nl‘cr_ hep‘a}_rin,l flavaxate, ar . combination thereof The
present intravesicar dfﬁg"iﬁ’e‘me?gm evice can'se Uged ‘f%)ﬂ'?rﬁgc]ﬁh‘%:séﬁﬁﬁ Acs: fﬁ&]ﬁﬂ'iﬁﬁsuﬁ‘rge incontinence
and neurogersiineontinelee: Prige thetdskdihcivdé dntickotindrdiesagepitsy antispasmodic agents,
anti-muscarinigageis. A2 RA00:M 6. AERINERBKNEURIRke dnhibIors.ResetnLnLptake; inhibitors,

calcium channel Mockers, potassium channel openers. and muscle relaxants. Representafive
examples of - 04 TRIS2 ' : BERUGS 1k ttAhent of incontinence
Ao B000107654 7 PETRIS2B0B0BEE T SR ABTE drig S Tor thetreaitm
include oxybufyain: SepaadinsemepIon isnspiiapamil, imipraming.flavoxatesatiapine, propainheline,
tolterodine, rociverine clgnbiufter,qlk, darifenacin, terodiline, trospium, hyoscyamin,, propiverine,
desmopressi?‘f"”c\i)é{’l‘n“fg‘ciiﬁﬁ’i‘tfé‘, SRFE%0% Y AR RO USRI G PSS ar) aRbEHEEHE (Nippon Kayaku
Co'"Tapan), inapefiscne;iNGs2 hiNipporShinyaky Onen. HremientiedapandtabdzNE-1 sou (Nippon
Chemiphal QS AR EENACR, G0 L ied Snarom). apd lionium lodide,  in another

embodiment.,t esent intraxesicril drug'dehverv device is'used to reat urinary tract cancer, such
as bladder cancer dniPplodtate dander DGy that ey be it erothe bt e astpibliferative agents,
cytotoxigragensachenpthrraperdic aganish oma: capRinationsibrregf Rapigseniativa; examples of
suitable drugs ﬁ% ﬁh% Jﬁgﬁlf%eg‘}k&!&gl”;?%’c%ff%‘g cancer include Bacillus Calmette Guerin (13CO)
vaccine, cisp‘i" In, doxorubicin, Methotre ate, vin as%ine, thiotepa, mitomycin, fluorouracil, leuprolide,
flutamide, diethylstifbestranixesmahdstinermeges ol acatate: eypestefopebittamite’ hnd
cyclophosphamidecT heiduig dseatmentoay:hgisalpleewvith-aconvenrtienalsadiation or surgical
therapy targe _id ‘_toé:[quqgnp%rogs ti_§sug—:'.,_i, . In §t§il,.l aniotbeﬁéen?o irgeirjtl the gres}en{t\jntrayesical drug
delivery device'is Uised to treat infections involving the bladder, the prostate, and the trethra.
Antibiotits, aitibattsriaesdtifonyal catetiprotte abhdnivirakantbdtheramithfectivelagents can be
administeredyforfreatinentof shahdnfections:sRepiesentative.examples:of suitalle divgs the
treatment of infections’include mitomycin, ciprofloxacin, norfloxacin, ofloxacin, methanamine,

ithrofurantoir ParABTE A2 it HAYRRRCHHI G heuifer surface of the tabe wall
although any other configuration s possible. The apertares mav then be covered wilh
biodegradable Oming membranes. A person of skill may be able o use laser ablation w
20 drll in 2 medical grade polvmer, via either through-hole drilling or depth-controlied
dritling, (© cregie a well-defined hole with & diametar ag small as 4.030 mm. Therefore, the
apsriures sy be creasted before or aller e drug s loaded o the tube,
in another embodiment, one or yoore apertures may be formed in an orifice structure

disposed wan end of the tube. Such an embodiment 1s showen in FIG, 8 The drug

[
e

resarvoir porion may have a tubola sificone body 58 with a precision orifics structure 83
plageing one end of the central bore of the body, The orifies struchure 52 may include an
aperture 54, A sealing strovture, such as & microbead 56, may plug the opposing end of the
fube, and a drug formulation 88 may be disposed i the reservoir delined between the
ariftce structure 82 and the microbead 86, The orifice structare may be a precision onifice
36 known in the art (avalable for example rom Bird Precision Orifices. Swiss Jews
Company), The onfice can be mserted witlun and/or sttached 1o the silicone tubing with

silicone adhesives, In one example, the device mav inelude siticone tubing having an mner
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toprimsulfamethoxazole, erythromycin, doxycycline, metronidazole, tetracyclii kanamycin, peniciluins.
cephalosporins, and aminogiycosides. Other drugs and excipient may he used for other therapies
and at other non-bladder body cavity sites. Combinations of two or MOM drugs, stored in (and
released frotYf§f AIE°436¥ or separate reservoirs in the device are envisiohEd "PREEREHENt of the drug
fammimion may be a matrix mawnal, selected to modulate or control the rate of release of the drug
from the reservoir, In one embodiment, $0the matrix material may hen. resorbahle or non-resorbable
polymer as described apove: inanother cmbodiment, the,exclpient,compries.a hxdygphobic or
amphiphilic compound; such 85 a{flpl e.g., Sel&cted from ?zﬂiy acids and derivatives, mono-, di- and
trialycerides, iphasphclipitise sphhsyolipin suech dlestrot aidustelorirdedomtives, oils, vitamins and
terperies), WO 2(109/Q468p4{RGIAJS2008/086467 The drug ‘formulation may provide a
temporally modulated release profile or a, more continuous or consistent {%' 2ase profile 'Pulsatile
release can be achieV&uH ?ﬁhg"ﬁ]bFé‘ﬁ'ﬁlegf%%w{)ﬁ‘é’?‘lf@f’ eRampie’ GHerent degradable membrane
can be used {opydbmporaiyesthgfér thereledse fronredchiofiséveratireselvorsioT e Vesicle
Retention Frgme ASimenionedahoye. he.drug.delivery devicencludes Peing..hg.retention frame
portion is associated with the dru% reservoir portion and its retaininq, the I\r/lﬁw reseryoir portion in the

body, such aSTH B bIRHARE FHETERASH AL AT S BB SHERIT HEF SIS BERVEE a relatively
expanded shépe:ahdia relatiNigls tovierprofiler shdpeafdi-eraniplestiveyrétantiodelame may naturally
assume the rglativelyexpanded shape. mayhemanipualed inie thefelaiively.lower prote for insertion

into the body, and may spontaneously return to the relatively expani insertion into the body. The
retention frarfie HiFre PRFY [ eRp ARG REPY fay be shaped for retention In 15a body cavity, and
the retention frameTn:theretativedy:lowerigrafieshapeimay:heshapeds wili ibpairtéothe body through
a. lumen of a catheter, korexample. e relendon frame may.be.glastisallv.delammble between a.

shape suited. for insertion into the body through the working channel ofé%{tosc.ope and a shape
suited for retéptiBhirk bR eV WHE A BXpbs st e tHE fRfc< auatigtedwWith dtiffation or
contra_ction oﬁih&ﬂ&ﬂnusabmuﬁglaﬁ cﬁcﬁgemamptemfssmﬁcam@m@@ﬁimptiis-isho&m_ ineFIGS. |.-2, _
wherein e IRISIIRL ARG pstmasa.BE 26L30ARS WRSNRG ExRaRded ARsilion, and the retention

frame assumes a relatively elongated, linear shape when in tfhe‘lower profile position. To achieve such
a result, the refBRIEMCfEIHE HizyPRRRE B BiEH @hRe s AU Grisg CEHERN PS8 cted to impede the
device from assupiR@dneapril 2004y Gravson, ef al., “Mhlti-pulse drug delivery form a resorbalde

polymeric microchip device” Nature Matertaly, Advance Online Publicazion (19 October

2003 % U8, Patent No. 6,308,522, In one embediment, the degradable membrane has a
20 thickness between about 100 1um and about 200 pm. such as between 145 um and 160 um.
The membranes may be formed of a bocompatible material. In one embadiment,
the membranes are formed of a resorbable synthetic polymer such as polvester, a
polvianbydride), or a polycaproiactone. In another embodiment. the membranes are Tormed

of a resorbable biological material such as cholesterol, other lipids and fais.

X
b

For embodiments of these devices in which 1t is desred to release drug over a short
period of time. the devradable membrane may be fabricated from guickly disintegrating
materials includmg, for example, polv{lactide-co-glycolide) copolymers containing a high
glveolide content, copolymers of polv(lactones) with fast degradaiion thmes, certan
poly{anhydrides), hvdrogels, oligosaccharides, and polvsacchandes. Forapplications
30 which a longer or delaved release time is desirable. the degradable membrane may be
fabricated from materials that take tonger 1o dismtegrate. for example. resorbable biological

malerials such us cholesterol, other lipids and fats, and lipid bilavers, polvmers such as

18



25profile shape once implanted. Such a configuration may limit or prevent accidenta expulsion of the
device from the body under expected forces. For example, the device may be retained in the bladder
during urination or contraction of the detrusor muscle. In a preferred embodiment, the retention frame
includes an ¥R RTFE4Tn one embodiment, the elastic wire may compriS&*4tsaffErEiedic alloy or
other shape memory material, known in the art For example, the superelastic alloy may comprise a
Mocompatible nickel-titanium alloy (e.g., Nitinol) or a titainiummolybdenum alloy fe.g.. FlexturM.
Biodegradable, biocompatible shape memany Rolymersare descibed. i, PaentNo- 6.160.04 to
Langer et al. i anRother ent odlmen}, tire & asilc wiré'is of inclubés a rela |ve\y low modulus e/astomer.
Low modulug@lgstomers may be relatively less likely WO 20091076547PCT/US2008/086467 to

cause trntalion to the blagldarionie.ealse: 3Ruean onerirpaniad: Gunthaimekssisome low modulus

elastomers ma 'be COE[%E'.IC'){ bj(P)%ge radgﬁz_legc which may grm;ﬁt rea}tin% a de\‘_/'g:e that need not be
removed follSWIAY IpIRtAHOR MHEEGrIE TE ESanibias BFISW Ributiiid 8a%omers rethane,
silicone. Bty ranivrhewm op lastie: cléistomercBamtpoly(dilicarlsebacar P RIS sThe elastic wire may

he coated with.a-hipcempatibie-pelumerisieh a8 a.coatingfermadddram.ang ar mpse of silicone,
polyurethane, sgrenic thermoﬁggﬁgic eiastomer, Silitek,, Tecoflex, C-flex, arent:lex. For example,

in the embodtASHE SRSV R PR SRIRHOH Fahiesd i’r\“&iﬁid‘rés"‘agﬁfgﬁié i Wire 16 formed from
a superelasticvaiiog hmck doeredinradeblymer coatingt8rthe élastiowirenkéindy beifer example, a

nitinol wire. The. polymes.coatingrtS.maxResferexamplg. aslicone sheatindnithe, relatrvely
expanded or pretzel shape. shown_in FIG. I, the device 10 m

, ! | , ce 10 may occupy an area having dimensions
suted 10 mp G e G TSR thE BT SP I Vet TEWEF HHGH G $haBé. shown in FIG. 2, the
device 10 mayeccapyiamsaped: siatecfarinsentiontiniovdiekbedy: Fhusy therdevieehi@dwmay 15lit in a.
catheter 20 when,pi RS ielallvely ewernprelis shape.syeh ashe vipidna.shapaglefa cytoscope.

Due to the properties of the élastic wire, the devicé may function as a spring. Thus, the device may
deform in reSPBASE (6 CHRPRESVE B BRGNS HEAtAE SEOV RSt R5IPTo its initial shape once the
load is removed. Thegolyniereaaimake the outer surface of the device relatively smooth and soh, so
that iritagon of the HIRAASNIBAYAIARdy incilBEmBAdMepts, b Leterioname may also include a
radio-opaque mateth whicrove the VISIbI|I'§y of the device to N.-ray or other map embod min FIGS. |-2.
for example, B aitiotsiragiib rAabbmriet Mar e WethdabbritemetitddBrtHdwire 16, although the
platinum wiref@winaiy-beavesnthabbusathepotions ofthéelasticlast haning.tnaigriai may also be
applied to

acceptable exciplents,
In a preferred embodiment. the drog formulation is 1w a sofid or semi-solid formin
20 arder 1o reduce the overall volume of the drug formulation and thereby reduce the size of
the device—1o promote ease of implantation. The semi-solid form may be, for example, an
smuision or suspension; a gel or & paste. o ong example, the drug formulation &5 10 the
form of a solid drug rod. Embodiments of drug rods, and methods of making soch drug
rods, are described in U8, Patent Application No, 1 1/463,956, which 1s incorporated by
25 reference m it entivety. The drug rods mav be Formed by adapting other extrusion or
casting techniques known in the art. For example, a drog rod compnising chondroitin 6-
sulfate or chondroitin suifate C may be formad by {iting a fube with an agueous CSC
sotution and then allowing the solution to evaporate. As another example, a drog rod
comprising lidocaine mayv be formed mav be formad by flling a tube with an aqueous
30 solufion compristng lidocaine, sllowing the sohution o evaporaie, aud then crystallizing the
rasudfing sl In many embodiroents, the drug formulation desirably includes no or s
minimgm quantity of exciprent for the same reasons of velumedsize minimization.
in other embodi ments, the drug (ormulaiion mav be i the form of a liguid, sohution,

suspension, emalsion, enndsions, colloidal suspensions, shurnies, gel mixfures such ag
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ends of the elastic wire to reduce the bluntness of the ends. In the embodiment shown in FIGS. I-2, for
example, the smoothening material 22 is an ultraviolet-curable epoxy applied to the ends. The
ultra-violet epoxy may also assist with retaining the platinum wire 20 in Place. ,30In embodiments
inx.shich theéY@fitiBifH¥ame assunpretzel shape, the retention frame ma8fFAE FEI4tVEN Fesistant to
compressive forces. A pretzel shape essentially comprises two sub-circles, each sub,circle having its
mvri smaller arch and the sub-circles sharing a Common lamer arch. When the two sub-circles are first
compressed é getp er, the rch at@orb 6“(’)1’?1{ Y;?ﬁf gh}e com “resswe\ f(?rce and begins deforming,
with WO 2009 5’7’654’?!5 8008086467 hied'a “ cauo‘rrf ofthe e compressive Laere two
sub-circl oveldposubde fuently cafirbleesof thd dirkles v@mﬂhsé eophgressiveforce. The resistance to
compression of thepdlgvice-aka1WhRIS: I LASERANER the:twe: Sub:sifgles.QvaHiag. Such a
configuration may .prev nt colla se of the de |ce as the bladgper contracts durln% urination. 5to impede

accidental voldiffg frSMIREBIA ‘E?(%?‘hb% DI AT VR I oFEHREF i Fbodiments in which
the retentlonffrbmé emﬁmﬁse@faashaep@ aredmorylindiemderinlusedde: foritdwehfraline:-may

'memorize” thegglativeh-expandest SRape,and naySRanaReruslyassimetheelatively expanded
shape upon the i%pllcatlon of heat to the device. For example, the retention frame may be designed to

return to the PAIBVER S¥HAHEEE S RRPBAIER BXhdsed to body -temperatures, so that the, device may
expand upon entering thdgibladdebstdheretantion fearsbdmayhighe deugh: spridgegenstant to retain the

device within a:hodyqaviy,sush as.thebbdderihismay beiacsomplished by.formiag: 15 the retention

frame from a high modulus mat in embodiments in which the retention frame is material, the retention
frame mdly b@fb‘?‘?ﬁ&ﬁ‘lﬁf&‘%d SHPTETERE B AT PARI Y, e herttieRFIBY IBERINs -anon having a

diameter andéedachionide, procaine hvdrochlonde, salicy? alcohol, tetracaine hvdrochioride,
phenazopyndine hvdrochloride, acetaminophen, scetvisalioviic acid, Mufenisal, ibuprofen,
indoprofen, indomethacin, naproxen, codeine, oxyeodone, and fentanv] citrate. In a

preferred embodiment, the device is used 1o deliver ong or more focal anesthetic

—
Ly

agents. The local anesthelic agent may be ¢ cocaine analoguz. In particulawr embodiments
of the device, the local anesthetic aeent is an amsnoanade, an aminoster, of & mixiurg
thereof. Combinations of different aminoamides or combinations of different aminoesters
are envisioned, Representauve examples of possible amincamides include lidocaine,
prilocaine, meptvacaine, and ropivacame. Representative examples of possible aminoesters
20 mclude benzocame, procaine. proparacame, and tetracaine, These local anesthetics
wprcally are weak bases and are usually formulated as a salt, such ag the hvdrochionde salt,
to render them water-soluble.
In a preferred embodument, the present intravesical drug delivery device is used to
treal inflammaiory condiions such as interstitial cvstitis, radintion cvstitis, painfid dladder
25 svndrome, prostastis, and wetheitis. Non-limiting examples of specific drugs for these
conditions mclude Hdocame hydrochionde, glveosaminogiveans {e.g., chondrottin sulfate,
sutodexide), peniosan polvsul{ate sodivm (PPS), dimethy! suffoxide (DMEBO), axybutvnin,
mitorvein C, heparin, flavoxate, or a combmation thereof
The present intravesical drug delivery device can be used 1o reat urinary
3 meontinence, including arge eontinence and nearogenic meonlinence. Drugs that mav be
used include anticholinergic agents, anispasmodic agents, anti-museannic agents, -2
agomists, norepingphrine upiake inhibitors, serotonin uptake inhibitors, caloiu channel

blockers, potassivm channel openers, and muscle relavants. Represeniative examples of
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shape that provides an appropriate spring constant. In one case, the elastic wire may comprise a.iow
modulus elastomer in a thrill having a spring constant without which the elastic wire would otherwise
experience significant deformation when subjected to the forces associated with urination. For
example, th¥8I3EHEWRE of the retention frame may include one or moreRbHEES 8¢S, spirals, or
combinations thereof, which may reduce the tendency of the elastic wire to deform during urination. In
other words, the elastic wire may act as a spring due to the windings, coils, and/or spirals, even in
cases in Whiqh\itng,eilagti? 2l v_‘vifrg ti_s fo{rq}ed‘frgm:ail)ow imﬁj_ol‘ujg{s 1qlast(a[ne[ sfqg_:h as polyurethane or
silicone. The*Wifi |h"gf§$"(’cc'§ﬂs,“’orr %apﬁg?s(mgﬁiﬁléfgﬁiétéiﬂ%g f/%l%ﬁg‘ﬁ%& fbﬁg‘éﬁ}é\/éﬁa desirable .onstant. In
various embedisnenterthersprinl constaine niaydseidnathivirgngiershiibout SlExmits about 60 NM)]. For
example, the spring.censtant-mayhenniherange.of aboiut 3:.6.Miniie abgut3:&NIm. Such a spring
constant may, be achieved b}/ one oqulreggt thfe $Othilglz/1v'ng technigues: incr g,sin the diameter of
the elastic wite TEBTT S TR HEmE THCreasIRG TS ThrvatPB s SHESFFB e Riifidings of the elastic
wire, and* addirgad@itiongdn). maptotite.efastic (WireoENample Springroonstantspforigdrtain low modulus
wires are providad i ERMRE SRk W OAIOEOHAZRCTLISARARRAGR, andThe windings
coils. For example, the frame may comprising one, or more loop the frame that include one or
5connected it &HHEHF #&hion. spirals of the frame may have a number. figurations. auration, such as
in a configuration .inds®ksehicircles! FiGp6sithistrates exainpldshapes for s, watls; iorsub-circles, The
curls may be,jpiegrally inkxamples d3ake DnaddifQrinesadial fashions as shownin Examples F

and Cl. The curls”maﬁ{;[urn_ in the same direction, as shown in Examples B and E, or in alternating
directionlS asSHEWHHPEKERBIESE End 4 FRE SIS i RISE BEHa A sHdwn in Examples A, B.
and .E. The eppbsing-ends:of thep&lmiﬁiw@zmgeﬂmf adabiedeﬁgf“samimti%ueeimmﬂﬁmmanq sc_arring.
For example, the gnds i-Ql?Xngakl(%%%fbgﬁ’&%% W%%X&F%E%MQJ'{QEl%‘ﬂ%%‘?&big{n?‘ combination

thereof. The frame may also include a one or more circles or ovals arrang;? In a two-dimensional or a.
three-dimensiSHAIEORFGURRBINHE o yrhUeta e e XM SHa R B EHE4PERYE that include one

diethvistilbestrol. estramustine. megestrol acetute, cyproterone, flutmmide, and

—
7

cvolophosphanude. The drug treatment may be coupled with a conventional radiation oy
surgical therapy targeled to the cancerous tigsue. J

in stifl another smbodiment, the present travesical drug delivery device is used 1o
treat infections involving the bladder, the prostate, and the wethra, Antibioucs,
antibacienial, antifungal, antiprotezoal, antiviral and other antimfective agents can be

20 admimstered for reatment of such nfections. Represemtative evamples of suitable drogs for
the treatment of infections wnclode mitomy cin, ciproftosaein, norfloxacin, offoxacin,
methanamine, pitrofuraniom, ampiciling amosiciibing naftiliin, trimethoprim, sulfa,
wimethoprimsul fansethoxarole, ervibromyon, doxvevchne, metromidazole, tetracycling,
kanamyemn, pemacilling, cephatosporms, and aninogy cosides,

25 Other drugs and excipient mav be nsed Tor other therapies and at other non-biadder
body cavity gites. Combinations of two or more drogs, stored in (and released fromy) the
same of separate reservoirs in the device are envisioned.

The excipient of the drog formulation may be s matrix material. selected 1o
modulate or control the rate of release of the drug from the reservoir. In one embodiment.

30 the maltx material may be a resorbable or non-resorbable polvmer as described above. {n

another embodiment, the excipient comprises a hvdrophobic or amphiphilic compound,

such as a lipid {e.g., selected from futty acids and denvatives, mone-, di- and trglycendes,
phospholipids, sphingolipids, cholesterol and stercid derivarives, oils, vitamins and

ierpengsh,



or more circles or ovals arrangedtwo-dimensional or a three-dimensional configuration. The frame may
include a number of concentric circles, as shown in Example A. or a number of concentric ovals, as
shown in Examples B and C. Each of the circles or ovals may be closed, and the circles or ovals may
be joined at*¥&tyfiBiConnecting point. Alternatively, one or more of thBiERREMEAAAAIs may be
open. The circles and ovals nay also he connected at ahumber of connecting points. The frame may
also include a number of overlapping circles or ovals. The overlapping circles or ovals may each be
substantially the 7Qsame size, as shown in Example IX or the circles or ovals.may vary in size,: as
shown in Examplegﬁ@gﬁﬁ i“—‘f”@%@ﬁlé}g e “51?%%%“53 M Ei{r?f‘é‘t Wi L‘ﬁt‘i{‘\ié‘fg’,ﬁa‘éﬁ)%%g;ﬁ'gat;}ﬁ‘%/'e embodiment
Further, the franmmay heamopericendedispiiilsas shbwse rExardpied fonthe!fialite may be a spiral
having cl0869{%@&-{;@9r@@i@@gﬁﬁézf&h@f&@%g@@%@&%@lﬁw@@@J@u@%&at@@n&{@m@;s associated with
the drug reservoir portion to form the drug delivery device. A variety of different associations are

envisioned. EHFEXARSIEE & L Te SeitoiPpGHIN May he attached to an intermediate region of the
vesicle rétention TN Ereidp8eificatlytlecvesicie retention frame may have a first end, an opposing

second end;and anJntermediate [egign derehaween ANddlgdug.(esenmitRariiop may 30have first
and second end portions that are attachedto the intermediate region of the vesicle ion frame. The end

portions of tHE Wiy FEEEHASH I AT PERRTAYE ZFIRBARISIAR Pstdidh AN THAERY portions may
overlap the vesiclae ratentiorhframersonecombination: body Thetdrug fesemidar pdrtion may be oriented
with referencg, o (he reientionframe suehihathe drug esarvolipartion Jieswithin the perimeter of the

retention frame, beyond the perimeter of the retention frame, or a combination thereof. Additionally, a
number'8f drifgEEEARSIFISIIGHS ity BE AETstE T HesHy & Bt ToRt e “tEFE Hting on the
configurationseifitherdeyioal& G 3. ilustratesedmpleremhbodimentdiofaapoéizelshaped retention fram
SO Shaving Ong,af MSTRNG "eREn ez Aliacbed, Al andateimediae (raian gl g setention frame
80. Spe(:lflcaj y, Example A illustrates an emi)odlment having one di' wherein the drug reservoir lies
within the pefififeter Bf¢Her&tdntion frame and has end portions attached to the intermediate region of
the retention frametemipaiing@hihe retentioniramenkiampleB.ibushgtes anembodiment having
one drug.reseryalr, wher %%{é A a?%?fﬁt%&‘%aﬁ%&%(g\ﬁ%'E-é'f%%%i{@%%-:%ﬁ% a%g]mga%&}gfﬁg fetention frame

and has end portrons attac e Intermediate region of the retention frame s g %Iy overlapping the
retention fraris sERawHIECHGsHatEewh &Bsyrhe R PRYInG A Famberier GHIYBSERSIr portions,
each drug resexvgirepertion: lyinewithindhe perimetenatiherraiention-trame@nd:ample D illustrates

an embomm%%l&%;;’ Ic' %&%e lfla c?tearsggpg:\nélz?drﬁ? § %E:}éqslarzi egri%(x)?esiéxﬁ%??% %@tgﬁa%relrl%ven when

=y

exposed 10 the forces associated with vnnation or coptraction of the detresor masele. An
20 example of such ary embodiment is shovwn i FEGS, 1.2, wherein {be velention frame
assumes g pretzal shape when i the expanded position, and the retention fnnne assumes a
redatively elongated, Hnear shaps when in the {ower profile postiion.
To achieve such a result, the retention frame may have an elastic Hmit, modulas,
and/or spring constant selected to impede the device from assuming the refatively lower
25 profile shape once implanted. Such o configuration may howt or prevent acordental
expulsion of the device from the body under expected forces. For exarople, the device may
be retained n the badder dusing aringtion or contraction of the detrusor muscle.
in & preferred embodiment. the retension frame inclodes an elastic wire. In ong
smbodiment, the elastic wire may comprise g supgrelastic allov or other shape memary
30 material, known in the art. For example, the superelastic alloy may comprise a
biccompatible nickel-titanium allov {e.g., Nitinol) or o Gitantem-molyvbdenen alloy {2y,
Flexiwen). Biodegradable, biovompatible shape memory polymers wre deseribed in ULS.
Patent No. 6,168,084 o Langer ef al. In another embodiment, the elagtic wire 1s or mciudes

a refatively low modules astomer. Low modutus elastomers mav be refatively less Hkely
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15reservoir portions lying within the perimeter of the retention frame and some of the drug reservoir
portions lying outside of the of the perimeter oithe retention frame. In one embodiment, multiple
drug reservoir portions are associated with a. single retention frame. For example, FIG. 9 shows an
embodiment™§t ¥¥&affon frame 90 having a number of drug reservoir p%ﬁé@%’%é%ed at an
intermediate region of the retention 20 frame 90, with the device shown in a relativek expanded shape
in FIG. 9A and the device shown in a relatively lower profile shape within a catheter in FIG, 9B.

including muiple, disgrele, JIuRRRgRvOlr RorRns A fgiliale delivering muliple different drugs into
the body, delivery different forms o drugs into t‘he_body, delivery drugs at varying rates into the both’,
or a. combin&tioAHBMGIZSIEEHEF SfnisBaiviehtEiofier ety raduri SiFp BB ARl TRE esicle reternio
east partially pligRech inathersyasssy dheodsughraseivei: perianinayextendaloggeatfeast a. portion of
the length of the retention f{ame poqti Q,}{,ﬁubs ntiall / @}%rallel or C iq_%lg n Witil;}s!ih retention frame

. iow moanins elagiomers mciude dalvurethang, st &, SIy FErC IR %&.\ 10 BlAsiOTner .
portion. For examp?e,%e arug reservoir portion may extend along tRe entire length of the retention

frame pottiorfrERam plesot-sthekeso EbodikiehiiaresrawR I RIe, 16 WirchmEtates several
alternative embogiments i.QQSHSREHOR HHHNAE R Rl TREICIRsFEestionds shawr, the device may
have the same crosps.ec}ioln or a.si ,ilair crgss-&e}?tiona onfiguration, along substantially the entire

t dermcr 11C Slaslomet, E.t{tg\ 200 e‘\t STEen, and Percy vzz]_ . .
length of the device Or along a substantial portion of the evice. The retention frame may comprise an
elastic wire 102 as$ociatse\Rith thectibeineg sfane arifredetvsie portior, Eguskbwn in Examples A,
13, C. and a FheRlastigwire 03 may:-extend Alopg.anRxiesomsuiageafh thexkube 100 as shown in
Examplri:{A. The_.elﬁa[?tic \A/ir& 1_92_(;1%(% grg}% %g(t?ﬁn‘%\gt?m; %rg;’intgrﬂq_msu{\ ace Qtﬂ tege tgljtk})‘% 100, as shown
in Example COTHE Stastt WiFe 193 hay At extEhd hrotigh ﬁﬁe.\'sﬁ"rfacépgli‘the {tiBe 00, as shown in
Exampleembtdire htsitthe tubis. 200 ineay heetitrdngtherid tlear thalal asticwiteb 202 with a
reinforcemengatea 1 fds Whichanay. rdugethekisk ofthe.slasticwire-k Q2 dearingthegugh or
becoming detached from ggélg{ge 100. For example, the re{'nf?rcer%?ent area 104 may be an area of

i

additional siliCOHE FHER) 8 102 RISTAES B8 HIERIOREihIR TR iht&Hidt BF the tube 100
supported bydarwebd88; asghowarin Exadripfess&{if] ahdi@ birhadditiont¥ dsugpddrmg the IDelastic
wire 103 stheweh, 108 maswnaritiondbe e, 100 nto multiple. comparipenis; ok gxample, the web

106 partitions the tube 1.0Q into two compartments in Example E, three compartments in Example F.
and four comPariirBisn By Pt P B raitotigh S ORIl AR AR aH P58 Sibte. The web 106
may be perfonateg dihothbmilsécnorschritimuousssonthat thewprepadmehtsianay in communication with
each other. AUGKIRIRY. g ERL0R 4 IMpVRe.relalive i rRflaoyRpAlLInaL g campariments are

segregated from each other. In such em| 0 iments, the discrete compartments may form different
reservoirs thAEH RS SHREE 6 hB/KY R e O FRy TErAEERIbAR SAh B8 hay he formed from
the sama:matéviatas thedube, or from a material having a. different permeability to water or urine,

depending, on the %Mﬂ%@-lﬁ&%‘ix.%9@&&%8&%&%%9%i&l?ﬁ'&ﬁz?@&r&&@éﬂ;%&%&%ﬂ%ﬁ?e associatedmutt

pie tubes, extending along or between the tubes. Examples of such embodiments are shown in FIG.
11., which illGStEREESSTYAL aiterHANE e BE ISR I erGSSBEHRIS I BB bBdifients, multiple
discrete tubes&Laimay devairedi{pgethebbyaxginfbrcedientaqre adddy with thevelastie wire 112

embedded i”zﬁi‘%-({a%i@fa%&%ﬁ@%%PE-%Q&%%% &%%asé?,‘.’rég{%&ﬂgﬁ’ﬁ%rﬂ&'&ﬁl A&%ﬁ 3¢ vbG ymber of wbes

© :
110 may vary, For example, two tubes 110 are shown'in Example , ree tubes 110 are shown in
Examplé?13, #: flirribens 1bts! show s ExAmipreien BrnetgH dagitbid @rdshiay be provided
in embodimegigsnotishowi W-suchambadimanis: theisame. QF pifferent dergdhormulations may be
loaded in the,giser ‘?ES %%P&%%%f@ :zhﬂhg%}géﬁ%%, EHQ&%I& 1 MED %'%%‘E’a%é‘@{{@%‘??ﬁé%m hg.aame or
different 30materials 6f construction, such as materials that difter in permeabillity to Urine or other
aqueous or H@dﬂy‘ﬁ@iﬁd Shhe ultra-viclel epoxy mav also assist with retaining the platinun: wire 20 in

place.

34 In embodiments in which the retention frame assumes a pratzet shape, the retention

frame may be relatively resistant 1o compressive forces, A pretzel shape esseptially

comprises two sub-circles, each sub-cirele having it own smaller arch and the sub-circles

shaning a commen larger arch. When the two sub-circles are first comprassed together, the

fargest arch absorbs the majority of the compressive force and begms deforming. With
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The enabodiments described above may be combined and varied to produce other drug delivery
devices that fall within the scope of the present disclosure. For example, the drug reservoir portion
may be attached to any portion of the retention frame in any manner, WO
2009/076547PCHAIEPd08/086467 than the intermediate region. Also, thECdHFPEEEFOHIF portion
may'ed. around the elastic wire of the retention frame, onebar of times. 11 shoul.d be noted that the
retention frame is generally describedbeing an elastic wire for the sake of simplicity, and that the
elastic wire may b eoaied with Apolymie. tWbing.InAry, ol ihess.embediments. g described above
with referencé (o £ e term "'drug reservoir portion X eneral refers to the discrete tube that
is assouatedWﬁ%%ﬁhé“ﬂé?éHﬁﬁiﬁ felrifeccatfiien *ﬂq@fﬁab@erﬁa%ﬁé%éb sted ot iStHERWEse partitioned
into agy numilae:rci&%ﬁi@ﬁrﬁte gy r@ssa&rmiﬁsneaﬁcé@s&m@@ @@a\é@mthiir@&emeﬁgﬁ%ﬁ&ﬁsa 4 anfl FII GOI 11.
Providing multiple drug reservoir ons rtitionin a Sl drug reseryolr portion into mu tiple drug
reservoirs, of agﬁﬁtgglrln e |8m\ﬁereo M a?éc‘ilfég |V%'??§d Fncl% }f:) i3 dy ergn}t %ﬁﬂgs into the body,
delivery émbmﬁ#@f@ﬁﬁw@féﬁ@m@gﬂﬁwm@%@éw”@Féﬁx/eiﬁyftm@s*awérwlywm%i imterederbody, or a
combination. hgreof. For example, the device may hold a drug in both a. liquid form. for earlier release
upon implantation ?.nd i %O“d or.se Iﬁ%hd forrtnj later release after the drug is solyblllzed ISThe
drug reservoir component Lan e attaehas iglt%ieufes‘}i & FRERTGH Fate Ueing essentially any
biocompatibléwmuterisl westpictaréie Fonexamplertiedrdy reservbieporion sray ¢ srached to the
retention frame,WsiRg.a, megicalg @Qﬁx%ﬁk‘q,%ﬁﬁﬂhﬁﬁﬁé%pm ite ﬁmmmmm&m%rug reservoir
component ”% %be attached to the VeS'CI? retentio f&ame CP/ at least parti g rpbeddlng the elastic
5 SR e B AR PRl

wire of the ret8HEBN Fama RithiR e SIa ISy G YESEN fion. in he embodiment
illustrated in F@»dZ shapertion of japrozbbshaped glasticovwire J20iextemtds thrsughpdirst and. second
ends of a drugteserveitip@ition 122, although other configurations are possible. In such embodiments,
the tubing of the drug reservoir_portion mar be formed with the wtre in it, or the tube mar%/ be penetrated

by the wire after botfiGISRESPE RIPEE 15 EhiRERAMEH 2 Tith S TS SBRINERR the drug
reservoir portienismay bshintegral y fammetingthithig sbtentitns frame: Forexaingley &casting method

may he ysedywhichmay.inclide peuANg.a,Auralls:silicons. into aumald.ang allpuing:the silicone to

cure. hi. some such embodiments, the elastic wire may, be positioned in the mold along with the
silicone. FurtHeifi8Bif Ho b pBTHB A RaTAS BBRHCH hara skt MagrBs the same
30componentinesame:espaadinientsrin: Suchroasdesy thedevicemayvognmpiss@rsiticene tubing formed

in & configuratign haying, pisulfiiant serng ansiagtlo retain e devireohe hdy. as described
above, in such cases, attachment may not € necessary
comprise a fow modalus daxiﬁ}m—er in a form having a sprny constand without whieh the

20 elastic ware would otherwise experience significant deformation when subjected to the
forces associated with urination. For example. the elastic wire of the retention frame may
include one or more windings, coils. spiraly, or combinations thereof, which may reduce the
tendanev of the elastic wire to deform during vrination. In other words, the elagtic wirg may
act as a spring due to the windings, coils, andior spirals, even i cases i which the elastic

25 wire is formed from a low modulus elastomer, such as polvarethane or silicone.

The windings, cotls, or spirals my be specifically destgned o achieve a desirable
spring constant. In various embodiments, the spring constat may be in the range of about
3 Nim o about 60 N/m. For example, the spring constant may be in the range of about
3.6 Nim 1o sbout 3.8 Ném. Such a spring constant may be achieved by one or more of the

30 following rechmigues: moressing the diameter of the elastic wire used 1o form the frame,
increasing the curvature of one or move windings of the elastic wire, and adding addittonal
windings o the slagtic wire. Example spring constangs for certain low madulus wires are

provided m Example £, befow.



Other | The rate and total amount: of drug delivered from a single, device may depend on for
example, the surface area of the druu reservoir portion, the type, and permeability of the
matertonstructi on of the drug reservoir portion, the number of apertures formed through the drug
reservoir poltiBRSAdsH total mass of drug load, among others_ Particliat’US20#gdtic dosages and
acceptable implant dimensions for a particular body cavity and route of implantation can be selected.
for different drugs and therapies. in embodiments, the drug reservoir portion can be partially or
wholly coated with gcoating.or a. sheath, which may facilitate controlling the release rate. The coaling or
sheath may be reIa?l]?/ﬁ'e‘l’iﬂ%ei2é‘gb‘é:}r}riél’(ai‘g{E}PEI:i 5] \{/)v%%;g? tﬁg(hr?ﬁ\egam ’ F‘é‘é‘éﬁ%&c{“}é}rﬁfiﬁﬁi?ﬁhs the coating or
sheath max roctiags. sy BdteantheWetsrirl A8 BB BF thed¥uy %é@éﬁfs@i'ﬁtﬁf@rtion to control or slow
the rate of relgase i fhe-drugofiomthe.drvicednisomeraasesiithecoating 0f sheatiomay be partially
permeable to water, ip. which.case the. aqating onsheath. may, cover al orapation of fiedrug reservoir
portion. For examplé, the coating or shea it f’n’ay T?Scomprlsé” 3 mesh that covers stbstanM ly the
entire debicestnotivéricates icoatintosn shEathaybe. Shlsstahtidlly inmserinishibie to water, in
which case thegeatingrahshrath-mray. conehanR pektiemetihe gessebady.Regardless, the coating

or sheath may redyce,ot alter the pematic surface arep, of the deviee hody. Dug 1o the reduced or
altered osmotic SUrface area the Teleaserate of drlg from ]t‘he"'é“rLPg resérvair portion may. be reduced

or 20altered. Becduse tHepcoatingowpBrmiptortrSiling the Toteasesmatethie diygireservoir portion may
be sized, shapgdmangd.cRRateieri@ NoMse-a.certain divehpayinad.yelume; tpashieye a certain
flexibility or sgrfi_nlg constant, or to assume a ce{gqin shage dur{inﬂ Cigmplagnt%tj_o or once implanted,
among others”FrRESE %ﬁ\rglétgﬁgﬁﬁ‘éb(\“fﬁ%‘%ﬁg“ﬁﬂe‘}s{ér’\q}gi‘%}‘é’ iR ey 08 SERECTEY without regard to
how such. chasacteridtiesraffectihereleaseraterasthb relcasetratesay e ihdependently controlled
by controllingsthe, 0SmPuc, suifage, aar it he,coaling ar.eheat, Hys.be.release (ale may be

altered without changing the overall size of the device body, the shgpe of the device body, or the
. I~ Sred S v v ale g vk 1 g By s- . b2 - : IR FIFLE
materials usell T & RS EBEEY BoIH CaLBE R WHISh HHEGrI g TREBHIGIP HEIBR IS formed from
silicone tubingi¢liercoating:cnsheatinmay befermed: frem @ shatarialthatis: relativelyless permeable
to water,Qr uripg.than. silicone, FRLexanple, e e oating or sheath Mmay.be jormgd.fram a polymer,
paryiene, a curable silicone, or another biocompatible coating or sheath material known in
closed. and the circles or ovals may be joined a & common connecting pomnt. Altemmatively,
one or more of the circles and ovals may be open. The circles and ovals may also be
connecied at a namber of conmecting pomts. The frame may also mcloede a number of
overlapping circles or ovals. The overlapping circles or ovals may each be substantially the
20 same size, as shown . Example D or the cirdes or ovals may vary i sire, a8 shown in
Examples E and F. Circles may also be combined with ovals, depending on the
embodiment Further, the ftame may be an open-ended spiral. as show i Example G, o
the Frame mav be a spiral having cdlosed ends

Combination of the Componenis

25 The vesicle retention frame is associated with the drug reservolr portion o fonm the
drog delivery device. A variety of different associations are emvistoned. For example, the
drug reservolr porting oy be attachad 1o an intermediate region of the vewicle retention
trame. More speciftcally. the vesicle retention frame may have a first end, an opposing
second end."and an inermediate ragion therebetween, and the drug reservou portion may

30 have first and second end portions that ave sltached to the intermediate region of the vesicle
ratention frame. The end portions of the drag reservoir may terminate af the vesicle
reteniion Trame, the end portions mav overlap the vesicle retention frame, or & combination
thereof. The drug reservolr portion may be oriented with reference to the refention frame

such that the drug reservoir portion Hes within the penimeter of the retention frame, bevond
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the art, In one embodiment. h device body sheath may be formed from. polyurethane. The coating or
sheath may have be relatively 'elatively uniform release of the drug for n tubing, while the ong the
device body to 'natively, the. coating or sheath maw vary along the device body, so that certain parts
of the devic& BAY a8 higher or lower water permeability relative to otH&r ParEB A4 device body.
For example:, one or more characteristics of the coating or sheath may var,, over the device body to
achieve the desired release rate. Example characteristics ofoating or sheath that may vary include

thickness. size, or.shiape,af e cealing.or sheall position ocatien, oriGerieniation,of the coating or
sheath. on the device 61pody;'an material used to form the coating or sheath, among others. Further,
multiple coatfigs BrEREtTE Mayhep rovisel bicHydifteremndoriersnendavied body. In some cases,
the multiple coatings o5 sheathsigay correspond to multiple reservoirs /brined in the device body, each
of the multiple resegypirg gontaining & different todrug, . sgh cases, (e multile poatings or sheaths
may have the same characteristics to permi rela |veiy Hititeian refease of the di erent drugs from the
different feseroigsoukitermatviely, the vaukipleloshtihg solnshsatmarrsyehavediffersg characteristics to
permit differing relapseatas.nl thedifferant ciugs tromthe differathiesarvain &xample coating or

sheath chara‘q er_i}stiqs 'élh%t may 9} erta }/ar}/hthe ,'Eeleagsefr te itng!.ug%i‘thi}gkqgﬁs_t gifae, 20shape.
position, and WEtRHEE AMorg ofhers.. as descibed above “Far exampie™ the fib& around a first
reservoir mayessoatedhith the firstsooditingoefea firgtaratenial Bmddirsetickndss, while the tube

around a secopdFasemMRir mavherinceaied «centediwith asecond (different),copling smaterial, or

o

coated V\{jth the first coinin imateria b tﬁatuiaseclondfggiffetrerilt t?icknesgh Thu ,thte release rate from
the first '?éseﬁ}%%é?ﬂ?f?ér RS of the perimeter of the retention frame and has end portions
attached 1o the intermediate region of the retention frame shghily overlappimg the retention

[rame. Example C illusirates an embodiment having a mapber of drog reservorr portions,
each drug reservoir portion Iying within the penineter of the retention frame, and Exangple

D iltustrates an embodiment having a mumber of drug reservoir portions, some of the drug

—
14

reservoir portions Iving within the perimeter of the retention frame and some of the drug
reservorr portions iving outside of the of the perimeter of the retention [rame,

in one embodiment, multiple drug reservolr portions are associated with 2 single
retention frama, For example, FIG. 9 shows an embodiment of a retertion frame 98 having
anumber of drog reservolr portions 92 stiached at an imtermediate region of e retention

20 frame 98, with the device shiown in a relatively expanded shape m FIGL 94 and the device
shown i o relatively lower profile shape within a catheter in FIG. 9B, Including multipie
diserete drug reservorr portions may faciittate delivering multiple different drugs o the
body, delivery different forms of drugs mio the body, debrvery drogs at varving rates milo
the body, or a combination thereof.

25 in other embodiments, the drug reservoir portion and the vesicle retention frame
partton may be at feast partially aligned. o other words, the drug reservolr portion may
extend along at least » portion of the length of the retention frame portion, substantially
paraliel or comncident with the retention frame poriion. For example. the drug reservoir
portion may extend atong the entire length of the retention frame portion. Examples of such

30 anbodiments are shown in FIG, 18, which illastrates several slternative embodiments m

cross-section. Althongh only one cross-section 1y shown, the device may have the same

crass-section, or a similar cross-sectional configuration. along substantially the entire length
of the device or along a substantial portion of the device. The retention frame may

comprize an elasiic wire 102 associated with the tube 180 of the drug reservor porfion, as
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25release rate from the second reservaoir. In embodiments, the positioning of the coating or sheath
about the device body' may be selected to augment or otherwise control dissolution of solid or
seml-solid forms of the drug. An example i.s shown in FIG. :13. As shown, the device body 130 may
be formed fr8M2A%UHE 132, such as a silicone tube. The tube 132 may h&§&TveBBi64Ed ends 133. A
30 rolcrospherel.34 may enclose each of the ends 133, and a reservoir 135 may he formed he
ends 133. An orifice 136 formed through the rube 132 may' permit releasing a drug from the reservoir
135. To control the rej%%e of tt}e gru 15%8 he orflce 1. ﬁ?z at Iea ﬁe sheath 138 may be positioned

& (3 §L WY Y AN WL STH0T
about thee 1 5 E[or ex e a'shea may be o§|t|one on eac Yhe tube 132 between

the orifice 138va# th%‘?é‘ﬁh? 1@3@8@%%1%3%5@ QOGQKF«‘Y@BM‘F"@W@JQM@@S@%? %¢ug does not

become stag@@kﬁﬁ#@ﬁ&@m&@%ﬁﬁé@ea tb@,\ andh133iAs:shewe, the.sheath:13840 4he gnd 133, such as
directly adjacentt the Rh Slb Iagen&snt og the sh athl 8EB Pyme} C}sﬁpeat L ]I?8 may be spaced
i0

¥ ace : THDE TR m XEnnie LIy
inward atlvely é?rolseif SR E DHfcE 36 than: ' U ih er conﬁ trations are e re easing he drug from

the Sorifice 136,148 they peemaﬁmqﬁay&p‘éﬂﬁmﬁwawﬁqéfﬁenﬁ*eet@th@mb@il@@. ¥djacent to the end.

1.33. As wateipRermeatesdhioual the.tubed32 adigeaniio the end: s33uthedignay be driven
through the portl g}ﬁof th& tribg 132 covered bg/ the sheath 1%% and out of the orf ce 136. Thus,

isolation or stEYRESH S e TG HBL N TSRS LR dtA T35 R BVEiac L i Ples 11 and 12,
below, prOV|@é£neiea§"éitra¥eram¢dﬂ& wewglelelivelyidevide Wavitg @ztshemﬁihamdﬁar%@ provide example

equations for, %!ee&w& thedgnathghsneath 4o, eﬁmfaveza desired rRlgase tAGpportiihBepreferred
embodiment, the tube llatrelenthl includes at.. leas rad 15)&‘1 }E rtion or structure g}o facilitate

detectioh’or \?f@\ﬁﬁwb“d‘f Gav %%@Bﬁ?t%ﬂﬁ%ﬁ Ef%i RARESHER BFSEEAGPE. in one
embodiment ethegtith é:isscondtruotad-of inatérdbthatdneludesparradit-opaquekiierimaterial, such as

barium sulfatg,or, ARAhEr2410:0R3A Y MACHIBIKAMWALIR & AD: G, atthough otber
configurations are possible. The web 16 mav be perforated or otherwise non-continwous
s0 that the compartments are in communication with each other. Aliematively, the web 186

13 may be relatively continuous such that the compartments ars segregated from each other, In
such embodiments. the discrete compartments may form different reservoirs that may be
suited for holding different drug formnidations. The web 1066 may be formed from the same
material a8 the tube, or from a material having a different permeability to waler or unineg,
depending on the embodiment

20 I stif] olher embodiments, the elastic wire may be assovrated with muttiple tubes,
extending along or between the tubes. Exanples of such embodiments are shown in FIG.
11, which Hustrates sgveral alternative emboditents 18 cross-secion. Insuch
smbodimants, muttiple disorete tubes 118 may be joined together by a reinforcement area
F14, with the elastic wire 112 ambedded m the reinforcement aren 134, as shown in

25 Examples A, B, and C. The number of tubes 130 mav varv, For example, two tubes 110
are shown in Example A, three tubes 130 are shown i Example B, and four tobes 110 are
shown in Example €, although addittonal tubes may be provided in embodiments not
shown I such embodiments, the same or differeny drpg formulations may be foaded i the
discrete tubes 110, The discrete tubes 130 may alzo be formed from the same or different

3 matenals of construction, such as materials thay differ in permeability to wine or other
agneous or bodily fHuids,

The embodiments described above may be combined and varied to produce vther

drug delivery devices that {all within the scope of the present discloswe. For example, the

drug reseryoit portion may be attached to any portion of the retention frame i any manmer,
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Silicone tubing may be made radio-opaque (for X-ray imaging or fluoroscopy) by blending
radio-opaque fillers, such as barium sulfate Of other suitable materials. during the processing of the
tubing. Ultrasound imaging can also detect silicone n Wyo., but it may 20suffer from lack of resolution
to be able t3'dAE S Hage the device if the. latter is kept small. Fluorod€ols4s 15éhe preferred
method during deploymentiretrieval of the nonresotbable device by providing accurate real-time
imaging of the position and orientation of the device to the practitioner performingprocedure. In one
embodiment, §the f‘){ of tgletlntkrﬂavea }al oli %dgllverx gewcie fLm[ %5>|nclud saa}t le g,t one retrieval
feature. The Fatfieval featire ‘f’nr“ B & SHrietiehar FACIHARE (BMoval of the device from the body
cavity, for exaiaplevfor ﬁéih@ﬁé#‘tﬁﬁ&h@ﬁk{é@@ﬁbé&f@@éb%efb@dy-f@lﬁm%*x@i@%é%ﬂﬁm drug
formulation. Eéi’ét%@&l'fﬂ@ﬂ&&@éﬁtﬂ@@ﬁ‘mg«?kﬁ[@g%ﬁ%@{ik@@qrﬂi& B3 Rate raump ieatiandNo,
11/463.956. In these and in other embogﬁ1 ments, the. deyice may be e}riev sin conventlonal
endoseopie gras grh SRR RSB AL AWYaE fBﬁ’:é‘pg ‘%réi Fiour-p fP Bptical. graspers.
For exaniple ddevital has ani0:sHspged: or E6ilet bbe. @rammgcmtmmemtS}ﬂrikntvemm@m\*ﬂents the

device may berdesith:dne AffeL MI@Q@MM@ﬁh@%@@&%&%%@!&ﬁh&%&tﬂ%an be
facilitated  administer drugs to achieve an eve a prolonged effect durln a WO

2009/076547BCHFESYSH %ré‘A%f’zg“H‘fB‘ffié\h%é“Pn‘a\‘f}’ﬁ’ﬁ\/@ &v&fa%%ge ROl -¢® tions, oneis
configured toiretedse shadrugitetalivelye quidkly bfter ilplaht&tiondand ofhie bfdulyiclsgpariences an

induction timg&@émep%gmuq 1519230, T ACEAMRNSN SHChauas Wil dhe dva dryg,reservoirs or drug

I’eSGFVOiI"POI’ ions. may have
I combln'tmn {herent, may factbitate delivenng mudtiple different drugs mito the bods,

delivery diferant forms of drugs o e body, delivery drags al varving rates into the
body, or a combination thereol. For exampie, the device may bold a drug w both a ligwd
form for earlier release upon implantatton and m solid or semu-solid forns for later releass

afiar the drug is sofobilized.

-
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The drug reservosr component can be aftached to e vesicle retention franie using
essentially any brocompatible material or structure. For exarmple. the drug reservolr portion
may be attached to the retention frame using a medicat grade silicone adhesive.

in embodinents, the drug reservow component may be atiached {0 the vesicle
retention freme by at teast partially imbedding the elastic wire of the retention frame within
26 the elastomeric tube of the drag reservolr portion, In the embodiment thstrated n FIGL 12,

& portion of g pretzel shaped elagtic wire 126 extends through [hrst and second ends of a
drug reservorr portion 1332, although other configurations are possible. I such
aembodiments, the nubing of the drug reservoir portion may be formed with the wire o 1, or
the tube mav be penetrated by the wire sfier both parts are formed, to connect them,

23 In still other embodiments, the drug reservoir porion may be integraily formed with
the refention frame. For example, 3 casting method may be used, which may inchsde
pourig a curable siticone o a mold and allowing the siticone to cure. b some such
embadiments, the elastic wire mav b posinoned i the mold slong with the silicona

Further, the drug reservolr portion and the refention frame poriion may be the same

30 component in some embodiments. Fn such cases, the device may comprise a siticone tubing

formed in a configuration having a sufficient spring constant to retain the device in the

body, as descnibed above, In wuch cases, attachment may not be necessary,



Llons, such as different permeabilnies, or the two drug reservoirs or drug reservoir ponions may store
different forms of the drug, such as a liquid form for immediate release and a solid form to be
solubilized prior to release. These embodiments can be combined and varied with other embodiments
described h&€iAt8/&Ehiéve the desired release profile. ID It Method of M¥KiIfigFHORIE46Ther aspect, a
method of makingmlantable drug delivery device provided. FIG. 14 is a block diagram
illustratingModiment of such a. method 140. In block 142, a drug reservoir portion is formed. In block
144, a vesicle reten%i. n frame ortion is formed, in block 146, the drug reservoir portion is associated
with the vesicle retentior-frate porion. In embodiments, forming the drug reservoir portion in
block 142 may incliitie wreust nidrerchthe! ok Wigesubistepsinbrdingethreydiemgréseriwir tube,
forming a relativaly.salidgeug rod Jeading dhedrug odinta,he Juhe inserting asealing material into

the tithe between an end. of the drug rod and an end of the tube, and forming one or more apertures in
20the tube. PRI ERSTHIBKHSIF ngt?edﬁlf%ﬂ?ﬁé‘*f%lrﬁﬁjé'd"ﬁs‘ilr’]&‘gf'}&gﬁ%ﬁtf@ﬁa?rﬁ?éﬂﬁmg, such as intecuon
molding, Tomprasgsiér: meidmgyextrusion moldng;tramnsfef tngldiagd, insertoholdifgiithesmoforming,
casting, or a gomhinaian hetentIhe holpuiuha,mahs. e, (oM amalssialnat s

biocompatible” water permeable, elastic, or any combination thereof For example, the tube may
comprise sili@BH& e SRR ERFE YO RS BE R R B ity S OB aqueous solution
comprising the drudramc-atiowng ib:solyenidoevaponatedronthaisolutidniit-orexanple,, a lidocaine
drug rod may, hie, fermed.byifiling,a mold with. aisous soluionilidecaine allowing.al{gast a portion of

the solvent to evaporate to form a saturated or super saturated solution of 30the drug, and then
crystallizihg tHe& rBs iy Yeltd FrRTR Ao AIRe L TSR RARSHER GHRI xFAWERFiFRE e saturated or
supersaturatedsseititionteddiiatecetydsial isarawth mnddinispoe diptationsefthepdrug dn such cases, the

evaporation and.crystallization,step.he.dong. ALe0S. of mote sentisledemperptures, As another
example, lidocaine hydrochloride may be combined, e.g., in a 70,3 ) mixing ratio, witht chondroitin
sulfat produéBealiriy Fed it srmestihiessds enndndechrribnseporreSevicBaarmsigh such a
process sacrifices.serienafithe fpayleashof; idocaing hydsaghloridesithathartiiagsacrifice is acceptable
depends.on the parigular dgyice, design and anplicarionjuse, 1, 19, embodiments, in which a drug rod is
formed, the tube of the drug reservoir portion may or may not serve as the mold: in‘embodiments in
which the tubsdigBesadiesehyedisithénvolaaie leoripletedtithgasd ey b I5abiedhim® the tube by
manipulatingdhe:ditlg £@eriniodhe-ubeusing, Xxemples:a guicRMEC AN MMeRZRIS: or

alter the osmotic surface area of the device body, Due to the reduced or altered osmtic

surface aren, the release rate of drug from the drug reservolr portion may be redaced or
20 altered,

Becawse the eoating or sheath may permit controtling the release rate, the drug
rESErvolr portion may be sized. shapaed, and constructed o house a certamn drug pavioad
volame, to achieve a certam fexibility or spring constant, or {0 assume g Cortain shape
during implantation or once implanted, among others. These charasteristics of the drug

25 reservel porfion may be selected without regard to bow such characieristios affect the
refease rate, as the release rate may be independenily controlted by controlling the osmotic
surface area with the coating or sheath. Thus, the release rate may be aliered withowt
changing the overall size of the device body, the shape of the device bodv, or the materials
usad o form the device body,

30 In cases in which the drog reservolr portion is formed from sthicone tebing, the
coating or sheath may be formed from a malerial that is relatively less permeable to water or
uring than silicone. For gxample, the coating or sheath may be formed {Tom a polymer,

parvieng, a curable silicone, or another biocompatible coating or sheath material knovn in



hi embodiments in which the drug tbrinulation is in liquid form, the drug formulation may be loaded into
the drug reservoir portion through the apertures or through another open i.ng that it subsequently
sealed. However, it may he relatively easier to load the drug in solid or semi-solid form, and such
forms may fth&IEAEE the site of the device, which may facilitate red R THIIHBI$46’ surrounding
The one or more apertures may be formed i.n one or more of the following: the side wall of the tube,
an end of the tube, or a combination thereof The one of more apertures may be formed by laser drilling
O B I e e el oL A OB A QLS loadng nto
the rube. Alterna ve?y "theures ma orme S|multaneous evice body, such as by
molding with &eihcetes %@éé&rf%éﬁﬁlﬁf@?@%@atent No. 6,808,522 to Richards et. al. in
embodiments. formmld‘&@n@irugsf@mref@irzﬁ%ti@r}aizﬁfh@cM&%mwwmaékseeZQJ\OEming ingle drug
reservoir por}[ Lrlﬂln sy ch emba |men s,.one, or, mote pay artition tr, strL{?tures be inserted into and
i 2 ke e ;

positioned w o't %“e‘?o‘rméfé?ﬁi dﬁ%f’n Wire" i cases i Vest E’ﬁ‘muﬁlple reservoirs and

are used; thetmsmlrané)mﬁ they gefbtutﬁem@tm@tm@?ﬂday@é?@zltemxatevdwnhiﬁqéma@lM@}of the drug

formulation. The pesition efthe. Rartition.stuctuemay méegageﬂtﬁéve@r;@y@tﬂctmal engagement
with the tube, such as in case5| which theqprasasll htI t; er outer dlagwlﬁe%%r than the inner

diameter of th&T Hle™" & ‘Fr’n"éerﬁ BRITEHTE, Forming the SBriY Bortion MBi6ckE42 may further
include assotiatihgeng:demolectaiease. cﬁnmﬂn@mmm&wm thetideuy Hes@rvioit portion. For

example, a SQ@@%@ru%?é’&“a%m@%sﬁ%ﬁ'%?@ﬂz&Vw @t t%@ﬁﬁ@ﬁ%y% 9[ §D%r§%@§§no&the tube to control
the rate of release of the drug, Addltlonzil ﬁﬁ deg rad%ble m%mbrane mm hfgpo itioned over or in one
i

Or more' Bf tHEHERTH o AT HE TR e S B8R D IR ALy tHefRtRYBgh. The degradable

membranes maysiger fbemiedsbyngicneinjeciing or inkjet printing a fluid to form a membrane at one end

of the aperture, e: g{londie, pulsSUrface. B0 I e ke FKAMPIS DR luidmay be a

solution comrtsing a resorhable material dissolved in a Solvent, a suspension resorbable material in a

nonsolvent, SEX IR ed &8s Sahle T AIRIATE ATebghey 8?5*6‘1%‘?@?\?8?? SORHGH RALFHE formed from a
drug polymenrsempasitercesighedeto:taleaisesdt  fknawhipidessbhoemiboaimreritsitdofi forming a

vesicle ratentign, frame,pOrtion gy, YB%%Q%%UQ NG I ‘i}él% 'R%@{@H@L&%@Qz M%ﬂ%ﬁgsezérame In

embodiments in ' which the retention frame comprises an elastic wire formed from a superelastio alloy
or shape meRToH ATKYBHA! FEFOERARIS, ‘FH@“SZ%%%F?&WEM@%H@9@§F€Fé‘"’r‘éféi’f"ﬁ8‘rﬁ“frame may comprise
forming the elastiediVite, mtoeimtw&elgeammd&ﬁeﬁame and: progtammingi:theshapa:dnto the elastic

wire via heat freafy mﬁ&%m&&%ﬁmﬁ 1% A0e (f Fl %é“i\(“% K& a0own.n £ Gy may be frmed by forming

the elastic wire 16 Into a pretz ape an eat treating t ee astlc wire 16 at a temperature over 500
PC for a peri6tios ﬁi}%ﬂh‘ﬁﬁtﬂesmﬁll%ﬁrﬁi%%réﬁ’éF’ﬁbSﬁl%%T%r%h6QHec§é§kI§f@tentlon frame
portion may ineidecenerotimeeohhedoliowiag; fonmuag}@s @mymeroﬁ@amg -otsheath over the elastic

wire, smootheninth ifie.ends ofithe. 1 Relagiis Wirs, AL aRRlYRg A-LAdiR-0Ragus mgterial to at least a
portion of the' elastlc wire. In

thickness, while the wube avound a second reservorr may be uncoated. coated with a second
{differant) cﬁaﬂng atenial, or coated with the first coatng muaterial but a1 a second
(dilTerenty thickness. Thus, the release rate from the first reservoir may differ from the

25 relense rate from the second reservoir.

I embediments, the positioning of the coating or sheath aboul the device body may
be selectad 1o sugment ot otherwise controt dissohution of zolid or semi-zolid forms of the
drug. An example is shown in FIG. 13, As shown, the device body 138 may be fonmed
from a tube E32, such as a silicone tube The tube 132 may have two opposed ends 133, A

30 microsphere 134 mav enclose each of the ends 133, and a reservoir 138 may be formed
betwean the ends 133, An orifice 136 formed through the tehe E32 may permit refeasing a
drug from the resarvoir 138, To control the release of the drug from the arifice 136, ai least
one sheath 138 may be positioned about the tube 132, For example, a sheath 138 mav be

positioned on each stde of the tube 132 between the orifice 136 and the end 133, So that the
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such embodiments the polymer sheath, the radio-opaque material, and the smoothening material may
he applied to the elastic vire in any order. For example, a platinum wire may be wound around ends of
the elastic wire to improve the radio-opacity of the device to x-ray, the ends of the elastic wire may be
smoothenedXAY B #t#aviolet-curable epoxy, and 70the polymer sheathP6Fdsafi#fe#nsy. he placed
over the elastic wire. In embodiments in which the retention, frame comprises a. low modulus
elastonier. the step of forming the vesicle retention frame may comprising forming one or more
windings, ¢ loops or spirals in the frame so that the frame functions as a spring. For example, the
retention frarﬁisfausfﬁigyS B‘S%%ﬁ %@%&i?ﬁ@g}“ Tl donsistih g sk st l‘ﬁa 3k insert
molding, amdhigrdithers. 133 ifsehwbodingehtstthéf step lef eabsociatihgethe ileugi fesédecimportion with a

vesicl retentin frame;perion maycompiisecrientingdhe,diigsese BV&M@&%@QMmeJ@rence to the
retention frame%)ortlon and,mgpl mi an adheswe therebemeen. Th e% reservoir portion may he

oriented in a VAL orGhBRESHEAL AL HEE bER BV PGB M the step of
associatingrug:fesédsois pertiom:withuthevesiclewete ntigmsframehp artionitnayscomprise inserting elastic

wire of the relgaiign fame.pUinR:Ak RSl UYPLEH. e HTHORSAR ol BRrign, i til other

embodiments, the step of associating eservoir portion with the vesicle reterition frame portion
may compns@’ﬁh‘?‘é&r&‘ﬁy ?8?‘?&?1‘@‘%8{ W\‘f&‘ﬁ’&’t "‘tbﬁ@ﬂ‘ie\he Wes2ddbr7 847 PE T52%82008/086467
Hl.Use and Aiplidations:biithe:Deiceifhe thtrdvesicat dreifudediviersideviassmay be used to deliver

drug loci' essgntially @@{Ag&dx £ayity,site,In 2Ry %Eerrer d embadiment, the EP&Q‘X;%W% may be the

bladder of a male of female human patient in need of treatment. For exa?gg he hurayeS|caI drug
delivery 'fevia mag Bettsattinthe tradtRemrst sAtarst Srcrnies haiss %S/%ﬁ’t‘i@? Bveractive bladder
syndrome, orztiasiderieances; aaiuwusgh the device also may deliver dmg to the bladder for the

treatment of other cf? gltl m,d §,m m{ mn B c,dzz{iaent%tr’l}% erl?ﬁzeim !am:r,a«\ﬁ%'{‘f?l %}gglces may be used in
other body cavities of1 patient. For exam ] "small devices may he |mpfant §ih'a space in the

vagina, a gastie EarfityiuRE peritshess éé\?ﬂy@‘b‘i”aﬁffﬁéwéf dvigyice 55 proiiéembodiment, the
i.ntraYesical grpig:alelivery-deviseiis IW&Iﬁed&D@@mﬂﬁﬂEﬂbﬁt hiladder to:locallvdeliver a local

anesthelc aqenl ASInG,RM.0Y, s9U1e,Eon SXaMple: Lay e hain fom apy lsgase or disorder
genitourinaly tissues, .pain stemming 1ro er catheterizanon proce ure I'[SG post operatlve

catheterlzatld}i?dfliﬁé“ﬁ@mﬁéi?ﬁ‘a? %é‘*ﬁﬁﬁlanted in the bladder by any swtable lumen device, generally

referred to herein agiagatheten ethrakeathatespiyRioscapemas knovRdniRgartT hese terms are
used mterch%pe%ablngerem uqlﬁss oth rwl? e expr tb{(:;,ﬁly mg%‘cated The caﬂletgr may be a.

~OBaUELIE SIS, SUC TGy & gt F!t'}
commercially Availaple device or one specially a 636?% ate’an 0a ment of the

present drug iediveng deficeding. Uiy amedemmmeﬁa Themio?ﬁim@piaﬁtmg’ etmflﬁt!r!avesmal drug

delivery geviggria &.Rogh CavtGOmMm @é@@&ﬂ%&&&ﬁfs@ intravesigalidrugidalivery ggyice through a
catheter in a rel?}tlv%}/“IOW rofllels nd relegt > (Egtthe qewce from the qathgter into the body

cavity, the deVise asstming & Folati ve@% CHEhdS b ARE THEHETEE Ehia g2 %om the catheter

for retention ksstiesBody omity @m&ammﬁtsaithmekamw@vempmﬂlenﬁhmq@etmyabe
the device fo the practitioner performing 1he procedure.
In one embodiment, the body of the intravesical drug delivery device further
25 inclodes at least one rewieval feature. The refrieval feanwe may be a structure that
facifitates removal of the device from the body cavity, for exampla for removal of anon-
resorbable device body lollowing release of the drug formulation. Embodiments of retrisval
features gre described in ULS. Patont Application No. 11/463 956, In these and in othe
embaodiments, the device may be retireved using conventional endoscopic grasping
30 mstruments, such as alhigator forceps, three or fowr-pronged optical graspers. For example,
if the device has an O-shaped or coiled portion. the removal of the devics can be factlitated
by those grasping insinuments.
in embodiments, the device may be designed 0 adnunister drugs to achieve an

mmediate alfec! doring an acute phase and to achieve a prolonged effect dusing &
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a relatively linear, folded, expanded, or compressed form. Theserted into the urethra to permit access
to the bladder. FIG. 15 illustrates an embodimentl releasing step of the method. As shown in FIG. 15,
the device 152 may be pushed through a catheter 150 using a. sty,,let 154. As shown, the device 1.52
changes sh¥{5e24¥{# ¥érges 30from the catheter 150, returning to the réfaki¥eRp®4seHded shape for
retention in the bladder U.S. Patent No. 6,139,535 also describes a method and apparatus for
placement of a medical device in the bladder through the urethra. In embodiments, the
intravesical dru% dellver devfice com { %La dru ggrela solid form, such as a drug rod or a

powder form ERtOR Ofdrag from therdevics “Wo ABEFRISS008/086467 occurs upon

ioh ofdi rug fr
dissolution ofafvey chrutyttous. Fratisvashtheresnnd bedomes Solulsiized inbddilyithid that eaters the

device, the dispelveddryg difuseser @%ﬁéﬁ@&%%ﬁﬂ&l&z RressLigfIRme. iImplanted device. For
example, the dewq}ﬁwé%be deliv §red Uno the bladder. in which case the drug may be solubilized

upon contact{vith’ } Bl © S SRE BMBOHHARE R BRIl %idg delivery device is
nori-resotbalsiéfgriothefyise: meedstteshefemored faibiwingirhplantdtion:ztnrone sudhia case,, the

method desc;egsﬁoanpmﬁemg%adg%mf@m@mgr&h@{elwﬂ%r@ﬂ%@@ iheiRirgvesicak drug delivery

device from the b?ﬁ%ﬁca\”t y following release of the drug. Specialized retrieval todevices are known in

the art, or cart FEsdil BEPHEHRAA Do s i BB “’I‘Bﬁif’%‘%mﬁf@ P EIBERHNG® 5,499,997
describes ancemilosdapic: gradping cetrothand<apparatbisd hereibhe dbvicetmaysbalused to deliver
drugs Iocally@&hg&g&@@der as an alternative to systemic delivery, which may be desirable in cases in
which sg/stemlc delivery may cause undesirable side effects or result in insufficient bioavallability of the

drug. 15¥he Pre¥stiah aoiadieg Brilcskhver y device treatment method provides extended,
continuous, intermittentties perediciieleass of:aidesirethguablityrof dig:ovesadesired

(redetermingl Resiope uite, 1. ena,mpesinent, 105 (RN San Jelier g desiiedfose of drug

over an extend eriod or time, e.g., 24 hour days, 14 days, or 5. 30, 45, 60, or

90 days, or rbf&. g‘h@r‘éﬁ@ b?ﬂéﬁVéW%’dH@‘éﬁ@% BT)(’IHC@ dl‘éﬁr ééh‘b@ %@élé’&f@ﬁ“ﬁependlng upon the

drug being detiveied anddhadiseaseicandition beingitreated iTheousedfdifferentdegradation rates

and/or eE>cC|p|erﬁtn Ff\tgrll%esg(ﬁl ng \ vith varying the number and size of apertures in the device, can be
to ha

used to tailor t eV|ce ve different release kinetics. . 7
i embeodiments, forsng the drug reservoir portion in block 142 may include one or

mose of the following sub-steps. formung the drug reservoir wbe, forming a relatively solid

drug rod, loading the drug rod into the tube, inserting 2 sealing matenal into the tube

between an end of the drog rod and an end of the tube, and forming one or more aperhures in
20 the tobe,

The drug reservorr tube may be formed using conventional methods, such as
iyection molding, compression molding, extrusion molding. transfer molding, insart
melding, thermoforming, casting, or & combination thereof  The holiow tube may be
formed from & material that is biccompatible, water permeable, elastic, or anyv combinaiion

25 thercof Forexample, the tube may comprise silicone.

The drug rod may be formed by flling 2 mold with an squeous solufion comprising
fhe drug and allowing a solvent to evaporate from the solution. For example, a Hdocaine
drug rod may be formed by fithing a mold with an aguecus solution of lidocaine, allowing at
teast & pornon of the solveny to gvaporate t form a saturated or super saturated solunon of

30 the drug, and then ervsiallizing the resulting gel 1o Torm a hidocaine drug rod. A seed crvstal
mav be nfroduced into the saturatad ov supersaturated solulion to witinle crystal growth and
thas precipitation of the drug. In such cases, the evaporation and crvstalhization steps may
be done &t one of more controfled temperatiwes.  As another example, fidocaine

hyvdrochionde mav be combined, e, i & 7430 mixing ratio. with chondrotln saifate €, o
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In a preferred embodiment, the device is adri bladder of a patient at d delivers in a. controll.ed manner
a drug formulation to the bladder. In particular embodiments, the drug formulation includes one or
more drugs useful in the .erbladder syndrome, bladder cancer, interstitial cystitis. or pain relief For
example, th&8efB@HEY be used to deliver lidocaine locally to the bladd®s BV 1€ period, such
as a period of more than one day. Advantageously, the 30device tables the delivery, of lidocaine for
extunple, to the bladder to provide an increase in the local concentration of lidocaine in the bladder

tissue without groduco? %d S'[eIT!IC - FI.G.l 6is a bl ickﬂdl |IIuslir9t|n ethod 160 of
delivering idoRaTHE" (b ¥R BTaNHEF RISt T2 "R HsGied é}%llﬁ) a payload oFidocaing is delivered to

the bladder. hIOW@S@@(ﬁ@;@?@BﬂWﬁ@TﬂUS’Z@@Q@S@Wﬁ?b@M@Mqh@ Mﬁwﬁems%t@:mm10usly released
from the dev%@&@%@a@g&%@ﬁﬂg@@%@ﬁy% gmhodi m@@%\gﬁgggmg@ may be an embodiment of the

devicedescribed above, or.the device may be ag Qt er device. In embodiments, the payload of

lidocaine may be n?W@’?%‘é‘iﬁ’?’&T ‘&Bgﬁ‘f%ﬁdr‘ﬁ‘é AL SO 315 O g&?i“éﬁ‘d?&i%‘éf 15¢PNine may be in
the rangé of about owe dayctocabdut feliftderdaysriomsexarmplethSuth omethethmayiachieve a
sustained levgl.of lidocainein e wehglivmghithe.pladder- Advaniageusty. ig susiained level Of

lidocaine in the urothelium achievable with the present devices and methods can exceed the level that
is generally %ﬁ&%%&&&fﬁgﬁfﬁvﬁbﬁé’%’%t‘éﬁ?Eﬁcffy?i HigH96cal concentrations of drug are provided
without significant intemdiciconcemtrations<kng enablas:the effecteusatefdarelatively small payload
of lidocaine t,creale, A iherapautically ﬁﬁﬁﬁ&%s@%ﬁ%&ﬁ%%;8&4&@&%&5‘% Adheuspthelium, The

urothelramlidocaine concéentration may exceéed the concentration that could be obtained systemically
without Eus ey terhies éh%e@“ﬁ“ﬁ%um&hsﬁﬁrh S EaTe CBHCRNT AR A5 *ASd%ak ed the
conce ntratlomirtxlsnamcs@wthb@zabia!miedzmammistdtatfammnﬁ Ifiethedthehbighk istitiad geak. concentration

associated wjth, instil ‘{gglma}/@ g\é(ﬁlg d.The (g}, o %Uaiﬁ@yu% Q may facilitate device safety, as the

payload may be su |C|enty sma to av0| le systemic effects even in the event of device
failure. Yet, the sméheﬁwléfa‘ﬁﬁﬁé?‘é?‘é’été“éh @rf@ﬁﬁ%‘&é‘ﬂ%@hﬁaﬁdﬁ BritbeaiRe iR urothelium, due
to the local na@reratdhexdalivencSeabxample 8taelomt. thereof. The one or more aperturss

|

xi

mav be formed by laser dritling one or more holes in the tube, The laser drilling may ocour
before or alier the drug rod 15 loadmg into the tube. Altematively, the apertures may be
formed simultaneously with the device body, such s by molding with an indenter as
described m U8, Patent No. 6 808,322 (¢ Richards et al.
in embodiments, Forming the drug reservelr poriion in block 142 mav comprise
20 forming multiple differem drog reservoirs moa single deug resarvolr portion. b such
gmbaodiments, ote or more partitioning strottures v be mserted inlo and positioned
within the whe, for exampie using a guide wire. In cases i which mulapie reservoirs angd
parhitions are used, the installation of U partition structores may be altemaded with the
toading of the drug formudation. The position of the partition straciure may be secured
25 wsing adhesive or by frictional engagement with the tube, such as in cases in which the
partizion has a siobily larger outer diameter than (e inner diameter of the whe
in embodiments, forming the drug reservair portion i block 142 may fusther
include associating one or more refesse controlbng strictures wath the drog reservoir
portion. For sxample, a sheath or coating may be placed over af least a portion of the
349 surface of the tube to conirel the rale of relense of the drug, Additionallv, a degradable
membrans mav be posibioned over or in o o more of the aperfures e condrol the butial
time of release of the drug therethrough, The depradable membranes mav be formed by
microimecting or nkjet poatng a Buid 1o form & menbrang at one end of the aperiure, e.g.,

wvon the outer sarface opening in the tubg. For example, the fhad may be a selation
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70In embodiments, the method may delthe lidocaine without regard to the pH of the urine. For
example, the lidocaine need not be administered with a buffering agent, such as sodium bicarbonate.
See Example 9 below. In embodiments, the method may deliver he lidocaine in relatively solid

form, Whlch‘?"r%ff’%??ﬁﬁ‘?'educmg the device to avoid bladder irritation | pﬁﬁ&%{sa?&wﬁ%?t In

embodiments. ) delivering a. device hasidocaine to the bladder omprise delivering a device to the
bladder that has first and second payloads of continuously releasing the lidocaine trom the

device over ap.sisnded.nstian ldme maveorpyse ollalng ease.ahie st payload of idacathe

and $0 subsequ v1n|t|at|ne release of the second payload of lidocaine The“flrst payload may be
adapted for rERRIRASy BaieRa SISEs RIS tHe Sawdind sagibier malyise ddsiiBad6Emore continuous
release. For axampignthe:first payload man hetin:liquic:éosomphile thewedcancipaylaad may be in solid
form. As ano}t\her eXe mple the first payload may he housed in a relatively fast-acting osmotic pump,
such as a silicone tube having a relatively thinner wall, WO 2009/076547PCT/US2008/086467 while
the secofd payloadiral) Hesitisd i‘«rﬁiﬁﬁ{égrﬁtﬁ‘fit*ﬁl&?ﬁbctff%ﬁt‘%‘?béﬁ@ﬁé‘é’é‘ﬁiﬁié“l‘ Hel#y or induction time

before releasiggnakghamassiiaonasidas haying aselativehtbhickesWalkhlduse thenfethod may

Sttt GG i it A S L ey
phase. Such a'me et compensate for an Initial iInduction time of t evice, as described below

with referenc@lt@\'@%&ﬁaﬁ#éﬂi?? of Wﬁ@mém%ﬁ%ﬁﬁ@h%ﬁﬁ%ﬁé‘%rﬂi’é‘ﬁﬂﬁ‘ﬂéﬁ%@dﬁ%th reference to

the following dﬂ%ﬁl*“‘m}gFﬂgo%élEﬂﬁlﬁ@s&%@mﬁk&iid@eﬂg n;@&sad’a&mmﬁnQsmga@iaummﬁagscribed below
is the d§8|gn of a tugular osmotlc pum mlad 2 Ol ilicon hIOC x%eaglble %olymer tubes such

as polyureth‘f}l‘ﬁ‘(ﬁae CEn'he 18 de Feoﬁﬁk g B the éﬂr“ﬁi{}gaﬁaﬁy owatgr“ drug and mechanical

properties. Désigni &y ﬂ;ratr@nsﬁﬁ@ﬁmwhméﬁ aspronicipy rﬂq@me\rme@mawngﬁmél@éguw drug payload

and release rg{g; Jubedhicknass darelaigd Es&m@%ham@@kmt@gmma@h\y@ﬁemﬁ@&m@wIty Tube inner
diameter and, tube vrall thlckness determine the druq p{"alyload and out rgeter of the tube. Tube
e o

length affectd BBHR g P AP AL WL ST R 8 SiHE T the'tubular osmotic

of foop ¢ ame Sy
pump. Osmotigistifagel awam@nwhﬂmv@aleﬂc&!quwfcanmemmlmtmgwm@mbe is affected by

tube outgy dignetes and. iy @ﬁaéﬁagtbmm@%%@rﬁ&@t% H?@éé%ﬁ?ﬁel’«h@nw%}E@JJ%@&M@E of the

osmotic pump. The tubular osmotlcP holds a drug on an Interiqr reseryoir. and is capable of
transfer the difg F8 R GTEIRS ARSI %fpa#\%fé‘ri’félﬂﬁ OB d@ﬁw@ﬁéfﬁh 15'aré defined below,

instantaneous:gerigl cawderrgitiandmhtielastic wire in any order. For example, a platinam wire may
be wound around ends of the elastic wire to improve the radio-opacity of the device 1o x-
ray, the ends of the elastic wire may be smoothened with an eltraviolet-carable epoxy, and
20 the polvmer sheath or coating may he placed over the elastic wire,

In embodiments in which the retention frame comprises 8 fow moduolus elastomer,
the step of forming the vesicle retention frame may comprising forming one or more
wingdings, cotls, loops or spirals in the frame so that the frame functions as a sprmg. For
example, the retention frame may be formed by extragion, Hguid injection molding, transfer

25 molding, orinsert molding, among «thers.

in embodiments, the step of associating the drug reservolr portion with a vesicle
retention frame portion mey compriss orienting the drug reservolr portion with reference o
the refention frame portion and applving an adhesive therebetween. The drug reservoir
porion nywy be orientad in 2 varisly of orientations as described above. In other

30 embodiments, the step of associating the deug reservolr portion with the vesicle retention
frame portion may comprise insariivg an elastic wire of the retention frame portion at least
partizliv through the drug reservoir portion, In still other smbodiments, the step of
associating the drug reservoir portion with the vesicle retention frame portion may conprise

mtegrally forming the two porBons ogether.
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p: drug density 5: drug solubith d: tube inner diameter h: tube wall thickness D: diameter of macro loop
made of tube L: tube loud length. L,: tithe length. without permeation blocking sheath 30Ls: tube length
with permeation blocking sheath, I.,,=L-L" V: volume of drug reservoir, V4 WO 2009/076547
PCT/US2008/®3848755% instantaneous drug amount remaining in the d&GCEPEEEASHOTn. = L.:17 L
mE,: total drug payload,,

I, Use and Applications of the Device
The miravesical drog delivery device may be used to deliver drug focaliv to
essendially any body cavity site. In a preferred embodiment, the body cavity may be the
hadder of 2 male or famale human patient in nead of freatment. For example, the
5 iniravesical drug delivery device may be osed in the treatment of interstitial cvstitts,
raciation ¢vstitis, overactive bladder svadrome, or bladder cancer, although the device also
may deliver drug to the bladder for the treatment of ofher conditions, In other
smbodiments. the presenlinimyesical devicss may be wsed in other body caviiies of a
patient. For example. the unall devices may be inplanted in a space w the vaging, 4 gasiie
i cavity, the peritoneal cavity, of an ocular cavily.
in one embodiment, the intravasical drug delivery device is implanted nio a
gatient’s bladder 1o locally deliver alocal anesthetic agent Tor management of pain sssoviate
artsing from anv source. For example, it may be pain from my digease or disorder in

senitourinary tssues, pain slemming from any badder catheterizasion procedure tisetf, eg.,

ot
T4

post-operative cathatarization.

' The device may be implanted in the bladder of a patient by any suitable honen

evice, generaliy referred 1o herein as a catheter. urethral catheter, or cystoscope, as knwn
i the art, These terms are used unerchangeably herem, unfess ofherwise exprassly
mdicated. The casheter may be a commercially available device or one speaally adapted to
20 accommodate an embodiment of the present doug delivery devices.

i one example, o method of implanting an intravesical drug delivary devicema

body cavity comprises passing the intravesical drog delivery device through a catbeter m a
redativaly low-grofile shape. and releasing the device from the catheter inte the body cavity,

the device assuming a relatively expanded shape once the device emerges [rom the catheter

b2
[

for retention in fhe body cavily. 1n embodiments, the relatively lower profile shape may be
a refatively hinear, folded, expanded, or compressed form. The catheter may be mseried into
the ursthra 10 permit access 1o the bladder. FEG. 18 dlustrates an embodiment of the
releasing step of the method, As shown o FIG. 18, the device 152 may be pushed through
a catheter 150 using astviet 154, As shown, the device 182 changes shape as if emerges
30 from the catheter 180, retuming 1o the relatbvely expanded shape for refention in the

bladder 118, Patent No. 6,139 533 also describes a method and apparatus for placement of
a madical device in the bladder through the wethra,

in embodiments, the miravesical drug deliverv device comprises adrugina

refatively solid form, such as a drug rod or a powder form,  Elution of drug from the device
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Arf: osmouc pressure differencethe inside and outside of osmotic pressure difference at saturation
between the mside and outsid.e of the tube Ic: permeability coefficient for solvent transixwt A.: osmotic
surface area for water permeation.. A1 )1l," t" duration of zero order release dindm : the rate of drug
mass chang&9rPt7%6&8 voir, - didt  amount released during zero orde” FetdiP & P&t ameter 'dm/di is
defined as the rate of drug mass lossthe device reservoir since 'ir; indicates the instantaneous drug
amount remaining in the device reservoir. The minus sign in the expression ‘dmidt' reflects the fact that

the device W'tﬂzéga?seul};[gn%%%ig 33 ﬁﬁ.%%é&%iﬁ%&%ﬁ&%% ﬁbe?dga%\/&%]gtﬁtém%%81%@ water or urine. When
the osmotic pressure of the surrounding medium is $mall enough compared to the osmotic pressure of

the formulatiseiipiierd thacdiidlresbaysirevdhn dabmeshawi b podiedi tebtaie KIt8%ihere the
proportional relationsbip:ketvaen: theesmolic pressuremnt anpcentatioliusadiBhe diag release rate
from the devi e el ains c% tant at the when the centration inside hedrug _%servoir IS the

solubility of dtr ﬁ}g adder, 31 5 Q:% Lase?he &w e be sel%g'[ézgd gpan contac wzftrz e |
be expreSsedlagier.

€ amount of drug released during this initial ‘zero-order release period' can
In one embodiment, the intravesical drug delivery devics is non-resorbable or

otherwise needs to be removed following implaniation. In one such a case, the method
describad in the preceding paragraph frther mclodes removing the imtravesweal drug
delivery device from the body cavity following release of the drug. Spectatived retneval
1 devices are known in the art, or can readily be produced, for this purpose. For exanyple,
LLE, Patent Ne. 8,499,997 describes an endoscopic grasping method and apparatus.
The device may be used fo deliver drugs Tocalls 1o the bisdder ss an alfernabive lo
systemic delivery, which may be desirable in cases in which systemic delivery may cause

wndesirable side effects or result in msulficient bicavatiability of the drug.

—
148

The present intravesical drug delivery device weatment method provides extended,
coriingous. mermuient, or periodic release of & desired quantity of drug over & desired
{predeternuned) period of time. In one embodiment, the device can deliver the desired dose
of drug over an extendad period of ime, 2.2, 24 hours, 5 davs, 7 days, 10 days. 14 davs, o
20, 23,38 45, 60, or 90 davs, or mere. The rate of delivery and dosage of the drog can be
20 selected depending upon the drug being delivered and the disease/condition being treated.

The use of different degradution rates and/or excipient matertals, along with varving the
number and size of apsrhures in the device, can be used 1o atlor the device to have different
release Kinetics.
Int a preferved embodiment, the device is adounistered to (Le., inplanted into) the
25 bladder of & patient and delivers in a conwrolled manner a drog fornwdation 1o the bladder.
In particalar embodiments, the drug formulation mcludes one or more drugs uselul i the
freatment of overactive bladder svndrome, bladder cancer, interstitial cvstitis, or pain rehief,
For example, the device may be nsed to deliver hidocane tocally o the bladder over
an extended Hme period, such a3 a peniod of more than one day.  Advantageously, the
30 device enables the defivery, of lidocame for example, to the bladder 1o provide an mereage
in the local concentration of Hdocaine in the bladder tissue without producing high systemic
fevels.
FI1G. 16 1s 2 blook diagram tustrating a method 160 of delivering hdocane to the

bladder. In block 162, a device having a pavioad of lidocaine is delivared to the bladder. In

30



The drug release rate decreases after the zero-order release; period as the drug concentration inside
the reservoir becomes reduced. The rate of drug mass change Om/0.in the reservoir can still be
expressed in terms of zero order release rate ( The expressio s for the amount of drug remaining in
the reservoi’ ®)28Mf A& fat mass change (dmidt) are different for two timEFériFd&MHedoero order
release period and the non-zero order release period. The expressions for the zero-order release
period (0 is:) Eq. (l.integrated to find the expressions for the non-zero order release period (t c.). Drug
concentratlotg tCiLG%Qd drgg{mass (m) are t| egg(péj(ent varjables and ar i ed bxgri’? =CV Afier

EVICE OVER i EX QE}

imfi CODINBOUS \
combining Eq. e’integ ra ed rom a|n rug mass S P and
where fime. I such emb{}dxmezﬁ_sc the de\-m, may be an embodiment of thc device d&sc:sbe{i

abave, or the device may be any other device. In embodimenss, the pavioad of hidocaine

may be in the range of about 30 myg i about 100 mg. The extended period of ime may be

ih

i the range of abowt one day to about fourteen days, for example. Such & methed may
achieve a sustained level of hdocaine in the urothehum of the bladder.

Advantageousty, the sustained level of fidocaine in the wotheliym achievable with
the present devices and methods can exceed the level that is generally considered to be
tolerable svstemically . High local concemtrations of drug are provided without significant
1 svsienuc concentrations. This enables the effective use of a relatively small pavioad of

Hdocaine 1o create a therapeutically effective concentration of Hdocaine i the wothelium
The wothelivm lidocaing concentration may exceed the concentralion that coukd be
obiamed svsienncally without causing systenue effects. The wrothelium lidocaine
concentration may alse exceed the concengration that could be obtained via instillaton, and
13 further, the high initial peak concentration associsted with instiflation may be avoided. The
small pavioad may facilitate device safety, as the paviosd may be selficiently small to avod
undestrable systemic effects even in the event of device fatlure. Yet, the small payvload may
create an effective concentration of lidocaine in the urotheliym, due to the locsl nature of
the detivery. See Example 8 below
20 in embodiments, the method may delivary the hidocsine without regard (o the pH of
the wing. For example, the hdocaine need not be administered with a buffering agent, such
as sodivmt bicarbonate. See Example 9 balow
In embodiments, the method may dediver the lidocaine in refatively solid form,

which may permit reducing the size of the device to avoid bladder Irrtation and patient

3
LA

discomiort.

in embodiments, (1) delivering a device having a pavioad of idocaine o the bladder
may comprise delivering a device wo the bladder thas has first and second pavioads of
Hdocaine; and (2) continuously refeasing the hdocaine from the device over an extendad
period of Ume may comprise intiating release of the first payload of hdocaing and
30 subseguently initiating release of the second pavioad of hdocaine. The first pavioad may be
adapted for relatively guick release, while the second pavioad may be adapted for wore
corginuoas release. For example, the first pavioad mav be in higuid form while the second
pavioad may be i solid form. As another example, the first pavioad mav be howsed in a

refatively fast-acting osmatic pump, such as a silicone wwbe having a relatively thinner wall,
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The drug MASs in the device reservoir levond t7 can. be expressed as where a is the ratio
parameter indicatingng drug mass compared to the initial loading (for example, if a is 0.05; then 5% of
the total payload remains in the device or 95% of the total loading is released ou% Substi tutinglEq.
(.\11) into E .?12.(51)9’8%7%%% time r as delivery time scale. This result imSﬁgéUﬁ%g ot %'ayload and
initial zerorelease rate decides the overall behavior of drug release profile over time. Example 2:

Comparison of Release Profiles for Differing Devices Examples of the application of Eq. (1.12)

are presentedfietf, EIG A flusiratessuee. iferent devises/ht 3 AR Co A 18 Is 2 graph

illustrating in vitro drug releasSe profiles for the three different devices A,13, and C. Each device was a
tube that funfHBnE AL BTFBTIe b és WP IS s #o SITkEREY Eititube defined an
interior 1o_resewom,sanﬁ@zmm@wammwa&mwmimme;xmesw@im@@mtube a!;o defineq
sot osmotic syface. aog, an 0.6 WASRIMEAIN L1e pemoli6 HERES, Alkay. Tigprifice permitied

releasing the lidocaine from the reservoir under osmotic pressure. ore specifically, Device A was
a siliconé tutsd a8 S&mstil e dace HraaPabies vt Herarekebosmsiime of about 2 mg.
Device B was a silicone tube. hav;,nc% an o _m_or%: surgaug area gf_ bout cm.a ?' a.reservoir volume of
. F% FESant INYVETHL 186 2 furiner unders OO0 WHE refergnce 1o the EL:}\HH"
about | me,. Device C was a silicone tlibe having an osmotic surface area of about 2 cm, one half of
which was caverédiieioveppélyurethane Sheaths near the release orifice, and a reservoir volume of
about 2 rag. Due t tigpl heath%tjileheffep ive 0s otic surface area of Device C was about Me same
as the osmotic SUfracé aresof qev?*cemgf. e y(" théfeservoir volume of Device C was 20about the
same volume as thesresbrydiiwolkame Dovicd Albopeach device; thderdsiofithetsilitone tube were
sealed with rigro.sRNErE ARG eL8581 VOl WaRIoaded Wit idoEaing ne on ieof Device C, the
sheaths were placed relatively near the ozrgy;fe to I,|ml|t isolation of the Ildocalne,oc\#gnng release. The

devices werd B talte THVIHE T NSIrs A RHE R as i HeR &I BEtTESWEre plotted in FIG)rug
payload,ro-ordeddrugeelaasa:maan{t obaining the desired drug pavioad and releage rale. Tube
fhickness s related o mechamcal integrity and water permeability. Tobe luner dtameler

and tube wall thickness deternine the drug pavload and outer diameter of the tube. Fube

h.,,
LA

tength affects both drug pavicad as well as the macro size or loop diameter of the wbular
nsmotic pump. Osmotic surface ares over which water of arine can permeate through the
wwbe 15 affected by tebe owter diameter mnd tube length, These parameters influence the
overall performance of the osmotic pump.

The tubular osmotic pump holds a drug on an intenior reservolr, and ts capable of
20 transter the drug to an cutside medium, Parametars of the tubidar osmotic pump are defined
below,

(' nstantaneous drug concentration m the device veservoir

p drug densisy

8 drug solubilny

25 d: hube inner diameter
ho tube wall tiickness
I dlameter of macro foop made of ube
1. tube fotal fength, Ly
Ly twibe jength without permeation blogking sheath
34 L tube lenpth with permeation blocking sheath, Lyesb-Ly
Vo ovelume of drug reservoir, P ,ﬂf’;f:iw{_
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and deliveryscale (m,for each device are shown in Table 1, as relative values with respect to the
values for DeviceBecause Device B had a length that was about one half the length of Device. A, both
the drug payload and the. zero order release rate for Device B were about half the values of the
Device A. wHiBH¥EUts4h the same delivery time scale for Device A and T9&EEIEF 1EE67|S shows that
overall in vitro release profiles with WO 2009/076547PCT/US2008/086467 respect to time :ere similar
for Device A and Device B. Device C had a length that was about the same as the length of Device A.
but about one half of the length of Device C was covered with polyurethane sheaths to reduce or Milli
mize water permealttonstmuﬁecﬁwmr@;md@w@k@asesrﬁt@fms@@w@ea@;wasuabouth’ﬁif the zero order
release rate for Device A. 5Therefore, the delivery time scale of Device C was abouf'tvitice that of
Device A. EI.G. IS shows that the drue release for, @ewce C is twice as slow as that for Device A.

Variable A Drug payiodtt ¥8hPBidet éleadd rae

AT osmotic pressure difference between the inside and outside of the tube

LTy osmotic pressure difference at sataration between the inside and outside of the

5 tube
k: permeabibity cosfficiens for sobvent twansport
AL osmotic surface area for water permeation, A=a{d+hiL,
4 - duraton of zero order release
din m Al
~— the rate of drug mass change in the reservolr, = kgm0
o vty i
, il A
i3 : zero order release rate, # = MT mM‘ {T
a9 2

n, o amount released dunng vere order release, m, =, 1

The parameter “dnvdt” 15 defined as the rate of drug mass loss in the device reservoir since
“ny indicates the instantaneous drug amount remaming in the device reservoir, The minus
sign in the expression “dovdt” reflects the fact that the device will lose 15 drug by osmotic
{3 release once the device is imimersed In water or uring. When the osmotic pressure of the
surrounding medium is smal enough compared to the csmotic pressure of the fornuulation

nside the drug reservolr, van™t Hoff™s law can be used to obtahn

Al
R ¢

where the proportional refationship between the osmobic pressure and concentration 15 used.
20 The drug refease rate from the device remams constant at the iniual time periad
when the concentration inside the drug reservolr is the solubility of drug loaded. The

axouwnt of drug released durmg this stial “zero-order release period” can be exjrassed a8
Pl s o (1.2}

The drug release rate decreases after the sercworder release period as the drug concentration
2% inside the reservolr becomes reduced. The rate of drug mass change (drddl) m the reservoir

can s6H be expressed i terms of zero order relesse rate (4, 1
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1 TableComparison for three A C shown in Ex.3: Selection of Device Characteristics to Achieve, a
Desired Release Rate | OListed below are equations that permit selecting device characteristics to
achieve a desired release rate, More specifically, the equations may permit determining how much of a
device shoutio®¥8UET4H with a coating or sheath to achieve a certain réleXETHEBIY certain
payload. The device characteristics may he determined with reference to a control device of control
dimensions that releases a control drug payload according to a control release profile during in vitro
testing. Once theses control. parameters gre known, the e uations may determine the characteristics
of adevice that exhibits a targetf:.‘r‘.?léleaﬁﬁ.if’.‘ﬁa‘m cgm&i isen.- _o-ﬁféﬁ—eonﬂél-gevice. For purppses of
example, Device .A of FIG. 17 vas the cdntrol device! Device*Alhadte féllowine design parameters:

70Tube innergiametelod: R3048.m0 Trbe wallhitigkness: ksavQr &B3tdmm-rbedenath: 1,0= 2 cm
Payload: mr.,"= 2 %égreatment duration; about 3 days 25<;¥f release r /tf? in3 for Device A is plottedCth

m : i » i 47 - » o o \a - . ;
uch paramet8FE LI THE R0l TGS THE B HANBRE BEbw e SR A8V M Eiacteristics for a

target devicenthatonilbekhibifsacdesired delirerysrate: for ihcdesired paylsadiismodiiparison to Me control
device. M\orett?}pecifically, two variables are defined:

SRS R {34}

%;5 i, {1.5)
Eq. {1.3) may be miegrated to find the exprassions for the non-zero ovder release penod
{72/, 3 Drug concentration () and drug mass (my) are Gme~dependent vanables and are
o relatad by
RN {1.6}

After combining Eq. (1.6) with Eq. (1.3% Eq. (1.3) may be integrated rom G 1o t o obiain

i

Falad S -
| o dm = f N
PR EuN -
13 Dirug mass romabming inside the reseryvolr at fume $ (2 ¢, Foan be gxpressed as
S L pm
s e s f\ {f ;I} {18}
gt v, =
and
dm L pR ) N
-------- R R R A ) {1.9)
ot oS m T
where
20 Pzl {1100
The drug mass i the device reservoir bevond 1, can be expressed as
o @, far st {3113

wherg & is he ratio pavameter Indicating remaining drag mass compared o the sl

loading (for example, 1 i 0.03, then 5% of the total payvioad remmns m the device or 93%

13
N

of the tolal loading 15 released out), Substifuting Eg. (1 11) o Eq. (1.8) gives the time 1

as
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WO 2009/076547PCT/U52008/086467 = multiplicat on factor of the target Zen). orde delivery rate
multiplication factors of the tartlet payload, respectively. The definitio the desired target condition as
follows: Zero order delivery rate (7hease compared with the base conditio Drug payload (m,): b times
increase comPAEd 4t the base condition It is assumed here that drug Eﬁafﬂgﬁ@,s fial remain the
same for both the base condition and the target condition. The parameters for the target condition
have no subscripts here. The zero-order deli yen, rate condition gives and the drug payload
condition gives = Tube wall thickness It is-not:ed that a tube vc'-.1.11 that is too thin may not have
sufficient mechanical integrity 15&414befifmau.ﬁnaﬂjﬁtpp;tﬁit}q mggl e)épégiénce an undesirajply long
induction time for initial drug release frémith€ déVite! THus, a réasénéble range of tube wail thickness
may be determined based on the mechanical properties and."}?\/vater permeability of the material used
to form the pelymer. tukeladesllicBna tube With att appraptiately thintk fmibmapacbag dewater
permeable 20membrane When a drug is loaded inside the tube. The equations below first consider the
debivery thme seale, This result ynphies that total payload avd mitial zero order release rate

decides the overall hehavior of drug release profils over time.

5 Example 2: Comparison of Releass Prefiles for Differing Bevices
Exarnples of the application of Eq. {1.12) are presented here. FIG, 17 tlugtrates

{hree differemt devices A, B, and C, and FIG, 18 is a graph iHlustrating i vire drug release

profiles for the three different devices A, B, and €. Each device was a tube thal funciionad

as an osmotic pump. The tubes were formed from silicone. Each tube delined an interior
19 reservorn. and & volome of lidocaine was loaded ko the reservolr. BEach tube alse defned
an exierior osmobic swrface avea, and an ortfice was formed i the osmotie swrface area. The
orifice permitted releasing the lidocaine from the reservolr under osmotic pressure.

NMore specificallyv, Device A was g sihoone iube having an osmotic sutace ares of

about 2 om and a reservolr volume of about 2 mg. Device B was a silicone tube having an

s

osmolic surface area of about 1 cm and a reservolr volume of about 1 me. Device C was a
silicone tube having an osmotic sweface avea of about 2 e, ove half of which was covered
with two polyurethane sheaths near the release onifice, and a reservorr volume of about 2
g, Due 1o the sheaths, the effective osmotic sarlace arsa of Device C was about the same
as the csmotic suface area of Device B, and vet the reservoir volume of Device € was

20 gbout the same volume as the reservoir volume Device A, For each device, the ends of the
stlicone tube were sealed with nucro spheres, and the reservonr was foaded with lidocaine.
In the case of Device €, the sheaths wera placed refalively nea the orifice lo limit wsolation
of the Hdocaine during release,

The devices were then tesied i wiro in water at 37° C, and the resuliing release

o)
ia

profiles were ploted in FIG. 18, Drug pavload (m, ). zero-order drug release rate (1.
and delivery time scale (s /#1,) for each device are shown in Table 1, as refaftve values

with respeet fo the values for Device A Because Device B had 2 length that was about one
half the length of Device A, both the drug pavicad and fhe zero order relesse rare for Device
B were about hall the values of the Device A, which results n the same delivery tme scale

30 for Device A and Device B FIG. 18 shows that overall m vipe release profiles with
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case where the water permeable tube is not covered with a polymer sheath. Device A and Device B in
FIG. 18 show such a case. Water can permeate into the drug reservoir through the entire length of the
tube, and so 16) The quadratic equae inner diameter can be obtained from 1.13 anand Eq. (114).
as. cOd, (. 1‘1’?’) #oHaté one solution is positive and the other is negatlvpe TfH(]% é)géﬂ &’solution is
designated as ci." and thus the solution for the tube length is WO 2009/076547PCT/US2008/086467
(1.18) Thus, the lube inner diameter,t can he calculated o factors: for the delivery rate and the drug

payload are gfigsen, REOWIR Iapl fanlubaslarmarliom dileieatnalymers.anhc.addivonal i

vitro release sttidies may e er formed to obtain base specific combination of polymer tube and drug
itulti p11 catlﬁi‘@%mﬁﬁi@saar‘l%‘siﬁ?ﬁﬁh%*&H%r%?&@%méﬁhdﬁ%ﬁg%rhtﬁﬁp of E“\'iﬁ\éfcf’n(eh‘tﬂéned above,
the length cayered with ﬁ(he@ﬂ‘ﬁhk&&iﬂﬁﬁﬂm{a&dmdﬁhesﬁﬁemﬂ’a&%ﬁtﬁmam&sﬁm@sﬂ@m case Where
4 0. uhich bl e anasiinurualy Jdesiiatle ietuee e dagetsy slie device Fo

example oml{tmg e she itate inserting the deV|ce through the wor 9 channel of a
cystoscope, WhisH rhalhtiscs diﬁﬁ]tﬂ'é? of BBuGt 2. E%W@FI@%L Néh‘étf?efégs AthE¥gdations next

consider the gase where 1he Waies pemacable tubeds-atleast pattiallpaoxesed with a material that
reduces the

™

\\\_\ Variable Drug paviead Fero order release rate | Delivery fime scale
Device e () (i, ) G
o ‘ .
A i i 1
B 12 12 1
¢ 1 172 2

Table I Comparison for three devices marked as A, B, and C shown in FYG, 17
Example 3¢ Selection of Device Characteristics to Achieve a Desired Refease Rate
1) Ligted below are squations that permit selecting device charactenstics (o achieve a
desired release rate, More specifically, the squations may permit determining how much of
a device should be covered with & coating or sheath to achieve a certain relesse rate for a
certain pavioad The device charactenstics may be determined with reference 10 a conlrol

device of control dimensions that releases a contrel drug pavioad according to a coudrol

s
L)

refease profile during a7 vitro testing. Once theses control paramaters are known, the
equations may determine the chargcteristics of a rarget device that exhibits a target release
ratg i comparison to the control device.
For purposes of example, Device A of FIG. 17 was the control device. Device A

had a the {oflowing design parameters:
206 Tube inner diameter: .= 03048 mun

Tube wall thickness: A,= 001651 mm

Tube length L,= 2 om

Payload: M, = 2 mg

Treatment duration: about 3 days
25 A comtrof release rate m, . for Device A s plotted 1o FIG. 18, Staring with soch
pararnaiers on the control device, the equations below pernut obtaining device
characteristics for a target device thay will exhibii a desired delivery rate for a desired

pavicad in comparison 1o the control device. Mors specifically, two vartables we defined:
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water permeability of the tube, meaning 45> 0" Device C in FIG. IS show such a case. 15The Device
C. may be at least partially coated with a sheath or coating made of a polymer having a relatively low
permeability to water, such as polyurethane, which may reduce or minimize water permeatlon into the
tube. A spe)é‘fgl %983(971‘5’4§’uch as paryiene may also be used to reduce Wa}fgffﬂéﬁ%%ﬂégﬁgﬁ Ect, (1.13)
and Eq. G.14) show that the tithe length (.0 es faster than the sheath covered length (1,0 as the tube
inner diameter (d) deceases 20(1, x I id" and ./". 'x. liV-1.0). The length of the portion covered with

sheath is Using Ect, (Jm%%)p ﬁﬁ)llgeplmi (gv%(?g{y\(p}g% 0%@@!‘1 aa g\d&éM (.1.19) gD or using Eq. (1_the

followingb in D d 317.V11- 4 where subscript | indicates the case where no sheath is used The
porti 5 covered with s%@fﬂ%%@%ﬁ(ﬁ?é@%%?&?ﬁﬁé‘@ tHensHEciindPaiseterid)& in terms 'the
loop diametefif@sired target condition as follows:

Zero order defivery rate (4, ¥ @ imes increase compared with the base condition
5 Dirug pavload Om ¥ b times increase compared with the base condition

It is assumed herg that drug and tube material remam the same for both the base condition
and the target condition. The parameters for the target condition have no subscripts here.

The zero-order delivery mate condition grees

o + A I A sk L ; (LI
L O S i
14 and the drug pavload condition gives
L={d ] )b IRES

Tube wall thickoess can vary, bat here H s fixed for simplicity:
b= {1,153

It is noted that a tube walf that 18 too thin may not have sufficient mechanioal tntegrity while

,..m.
Ln

& lube wall that s too thick may experience an undesirably long ndoction bme lor mdtial
drug refease Trom the device. Thus, g reasonable vange of tube wall thickoess reay be
determimad based on the mechanical properties and water parmeabiiity of the matenial vsed
10 form the polymer tabe.
A sthicons tube with an appropnately than wall may @t a2 8 water permeabie

20 membrane when a drug is leaded side the wibe. The equatons below fivst consider the

case whers the water permeabis wbe 5 not coverad with a polymer sheath. Device A and

Device B in FIG, 18 show such a case. Water can permeate into the drug reservedr through

the entive length of the wbe, and so

Lol {3163

23 The guadraiic eguanion for the inner diameter can be oblained from Bg. (1.13) and Eg.
(1.14% as

iy , (biayd

d.-,‘ i (A dc:- -+ ’L“'@

o -

B =0 (017

where one soludion is positive wid the other is negative. The positive solution is designated

as o, , and thus the selution for the tube length s
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Example 4: Selecting the Characteristics of anst A compression test was performed on a
pretzel-shaped retentic FIG. 19, to demonstrate how various design factors affect the spring constant
ofti frame. The pretzel-shaped elastic wire was made of super-elastic Miami wire having diameter of
0.009 inch, Wfb?@?ﬁ%’?ﬁn. As the compression test was performed, datd Fgé‘a%%ﬂ?f‘é"ﬁﬁ?gé and
displacement was collected. This data is plotted on the graph shown in iSFIG. 20. As a compressive
load was applied to the retention frame,deformed. from the shape shown in A to the shape shown in B,
and finally, to the shape sh Specifically, the thrt_ %%hag% Qf the device A. IL and C. shown in HG. 19
correspond o three data points A, B. and C.on-thé-graph-if-El6G, 20. As shown in FIG{1%the
compressive Wee was generally absorbed by a‘faner “céimon arch of the pretzel-shaped elastic wire
as the frame-defoimed.fom-shape A andshapeB.Lneedhe frane.assumedshaps B, the two
semi-circles ihgt rnpk 2 u Jhg elgstiqé‘]}/\{grg ogﬁeglq peiq. ;I'r]\e force/dis| ‘Ialgl:gmgnt %gc_gtﬂdemonstrates an
increase in s '8‘6%?&%6 OXI ‘f‘fa“tléilf/‘* Bitines) Wwhich Wad $hstained as He franie detormed from shape
25 shape C. Tienest avd Subsayrsivard Fsistidieesmali trsurmbeldius Eferdaweeulus elastomers can
be compensatgg:ifpriy ane Qr.mete:etihefallowing:by detiea the. radius.ef thesaich, by increasing
the wire diameter, and %y,havin n?qltiple ein\c%% overlapped circles or windings. For example,

UL FRSH R G ™909/076547PCT/US2008/086467 he frame by a

decreasing thg°THiG8" _
factor of twdd'i"ﬁer\?@stﬁﬁfidémﬁlfmr (%)ﬁ’twde@)ﬁl}amiﬁ the dpri For delivery rate {or}: 20

T For pavivcad {#}: 50 For pavload (b): 200
| Design pargmater ™o |
| Fube inner digmeter {d) 11326 mm 21303 mm (
Tube length {1, AR T Emwmm' i
Macro loop diameter (43} 23051 om 2.6005 om
Drug payivad (m,) HH}Wg """"""" 400 mg
“Treatment period 15 davs 36 davs

 Table f.@pec‘iﬁcmiéﬂs for two examiples of devices for himan application
As mentioned above, the fength coverad with sheath s dencted as /. The previous
section corresponds 1o the ease where L, = 0 which s often the case as 11w wsually

10 desirable to reduce the diameter of the device. For example. omitting the sheath may
{acitiiate inserting the device throogh the working channel of & evstoscope, which may have
g diameter of aboul 2.4 mm of lesy. Nonetheless, the eguations next consider the case
where the water permeable tube is at least partially covered with a matenal that reduces the
waler permeabifity of the tube, meaning L. » ¢, Device U in FIG. 18 show such a case.

15 The Device C may be at least pastially coated with a sheath of coating made of a polyroer
having a relatively low permeability 1o water, such as polyurethane, wiuch may reduce or
minimixe water permaation into the tube. A special coating such as parviene may also be
ased o reduce water permeation. By, (1. 13) and Bg. (1. 14) show that the tube fength (L}
increases faster than the sheath covered tength (£,) as the tube inner diameter (o) deceases

20 (Lwlid® and L, w3 d =) The length of the portion covered with sheath is

Ly=l-1, {1.19)

Using Bg. (113 {114, and (1.19), the length covered with sheath is expressed as
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nt by a factor of 27 Example 5: Sample SpringCertain Low Modulus Wires 5A nitinot wire having a.
Young's modulus or about 30 CIPa, a. diameter of about 0.2286 mm, an arc radius of about 1.5 cm,
and one coil may have a spring constant of about 3.7 Nim. A polyurethane wtre having a Young's
modulus of%ﬁ’o’lﬁf’%’?ﬁ?ﬁba, a diameter of about 1 mm, an arc radius of é)bco]ﬁ[ﬁz%?‘?{?saﬁﬁgone coil mat.,
have a spring constant of about 3.8 NMI. A silicone wire having a Young's modulus of about 2.41
M.Pa, a diameter of about 1.2 mm, an arc radius of about 0.75 cm, and two coils may have a sprinu
constant of about 3.6 NM. A poly(glyceml-sebacate) éP@;_%lwire having a Young's modulus of about
1.7 MPa, a diameter of about .1.2 mm, &n-afé radius-éf-abef

fabett-0:76 cm, and three coilsi@fay.,, have a.
spring constant of about 3.7 Min. Example 6: hi Vi Beli ery ofLidocaine from Variouse Anin

vitro lidocaing iglease study wasdJperfermeshwith.five di.iferatt devic. Each device was a silicone tube
loaded with crystallized lidocaine pieces. Two different,sizes of silicone tubes were used.
Specifications for the devices are shown in Ta’ble~-é-.—~~E¥a‘eh-tUbe was sealed with stainlgssl steel
microbails inserted into the ends. Except for the cbntrdl ‘a’gﬂvice, an orifice was drilled in each tube
between the jpistobalis kachiruficebagadiameter afabauidb G rmotie diameatenwas:selected to
obtain a ‘f}irst-prge)rdrqlt ase @rqfil ,?QTSGQ.QQ thg re\sgﬁ from in \_{itqq rejga§$:. qggperiments performed
with CSC. THié GeVite HBSN AT TYFETT T the Table haSE poriurethané €heath, similar to the one
shown in FIG. O. to reduce water permeatjon intg the glgvice: The: device designated Control in the
table did not have an orifice. During the expé&riment,;the micmhalls were pushed outwarettue to I
buildup of hydrostatic pressure within the tube. in vitfo lidocairié release curves for the devices are
shown in. FI@: 12lermx & Dz (mghksydiebal (mches) Total tube lemtth (cm) mg 0.012 x 0.025

/ {d_+h M. 0

R 1.23)
£ d JTbL A+ wh 1 (

Example 4: Selecting the Chavacteristics of an Elastic Wirve

iy A compression test was performed on a pratzel-shaped retention frame, shown in
FIG. 19, 1o demonsirate how varjous design laciors affect the spring constant of a retention
frame. The pretzel-shaped elastic wire was made of super-elastic nitmol wire having 3
diameter of G.009 inch, or (12286 mm. As the compression fest wag performed, data
segarding foree and displacement was collected. This data is plotted on the graph shown in

13 FIGL 20,

As a compressive load was applied 1o the retention frarue, the frame deformed from

the shape shown i A to the shape shown i B, and Goallv, 10 the shape shown in C.
Specificaliv, the three shapes of the device A, B, and C shown in FIG. 19 corregpond 1o the
three data points A, B, and € on the graph i FHG. 20,

pit As shown in FIG, 19, the compressive force was generally sbsorbed by a larger.
common arch of the pretzei-shaped elastic wire as the frame deformed from shape A and
shape B, Once the frame assomed shape B, the two senm-aircles thal make up the elastic
wire pverlapped. The force/displacement plot demongtrates an increase in siope
{approximately 15 times), which was sustained as the frame deformed from shape B o

25 shape C

The test and subsequent analysis revealed that & small Y oung's smodulug ¥ Tor low

modulus elastomers can be compensated for by one or more of the following: by decreasing
the radivs of the arch, by increasing the wire diameter, and by having multiple andfor

overdapped circles or windings, For esample, decreasing the radivs of an arch formed by
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0.012 x 0.025 0.006.5 0.0065 2 mg 0.01.2 N. 0.025 0.0065 If coveredvtth sheath) 4 ma 0.020 x 0.037
0.0085 46 Control4 MC,'0.020 x 0,037(10085 Table 3. Specilkations for the devices used. for in vitro

lidoc.ai.ne relstudy Example 7: lit Vivo Delivery and Retention of Device | [ l@% r A
vesicle reteRfidA TrAme was made of a. Nitinol wire (diameter 0.009 inch)i%cﬁlﬁégie%ésvﬁ\}lt ggﬁicone tubing.

Platinum wire was coiled at the lip end of Me Nitinol wire, and a biocompatible UV epoxy was applied
and cured to fabricate a blunt tip end onto the Nitinol wire. The tips are blunt and soft to avoid possible

irritations ang,searim. 9fithe Vasicle tissiesHHage 1k Gaihehlagdss- T heceated, wire device was in
the shape of two over]appy&loo s with the ends positioned inside of the circ&e-like outer perimeter

s vt o8 Eegni o i) ot B e _‘p\_m,‘q LT ¢
defined by tHETBoPs® FREVEIRS TN TSR AAME RESST HSRRSPTSLAY 85588 J0The retention
device was implanted into a rabbit bladder by a ,10 Fr. urinary catheter. The shape of the device was
Chosen as the resistance to the compression increases upon compression of the two loops fte.

sub-circles). Frigwisingiimeictitine asshmnind e pindan Y¥otahse B the structure so that it may

not entersthe urethranfihe deviBeving a Yourg s modulus of about 30 GPa, a diameter of aboul
¢.2286 mm, an arc radius of abowt 1.5 cm, and one cotl may have a spring constant of abowt
37N/ A pobvursthane wire having a Young's modutus of sbout 23 MPy, a diameter of
shout T m, an are radivs of abowd T omy and one coil may have a sprimg constant of about
3.8 N/m. A sificons wive baving a Young's modulus of about 2.41 MPa_ a diameter of

1y about 1.2 mom. av arc radius of about 0.75 om. and two coils may have o spring constant of

about 3.6 N/m. A polviglycerol-sebacale) (PGS) wire having & Young's modubus of about
1.7 MPa. a diameter of about 1.2 mun, av arc radive of about 0.76 cm, and three coils may

have a spring constant of shout 3.7 Nim.

Example 6: fn Vitre Delivery of Lidocaine from Various Devices

s
4

An i visrg Lidocaine release study was performed wish five dilferant devices. Each
device was a silicone wibe loaded with orystallized lidocaine pieces. Two different sives of
silicone tubes wore used. Specifications for (he devices ave shown i Fable 3. Each tube
was sealed with stamless steel microballs inserted into the-ends, Except for the control
device, an orifice was drilled in sach fube between the micreballs. Hach onficehad &

20 dameter of about 30 um, The diameter was selected o oblain a frst-order release profile
based on the resulis from i viero release experimerags perfonmed with C8C. The device
designated Type 1 in the table has 2 polyurethane shesth, simitar to the one shown in FHG.L
13, to reduce water permestion o the device. The device designated Control i the table
did nothave an orifice. During the experimant, the microballs were pushed outward due 1o

25 an intgrnal buildap of hvdrostatic pressure within the tube. fa vivre hdocame release cutves

for the deviees are shown in FYG. 2L

LD x0O.D. | Tube wall thicknsss . .
Tevpe | Payload o i Fotal tube length (cnm)
t (nches) {inchas)
e U012 v 0.028 | 0.0063 3
B T me o012 N 0025 GoogsTT I
0 2mg [ 0012x 0023 0.0063 2 (half covered with sheath)
W dmg | 0.020x 0037 50083 Tz
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immediately returned to its original shape once the compression was removed, due to the superclastic
property of Nitinol. Instead of compressing the device. into a catheter core, the device was uncurled
and pushed through the catheter lumen using a.stylet. The device curled back into its original form
after emerg}ﬁ FPS ¥ distal end of the catheter. The device was not eXrSEFWEHIE bladder.
Example ti; In Vivo Delivery of [Attar:ante in Rabbit Bladder Drug exposure studies were
performed. in vivo in rabbit to mvestlgate the absorptlon of lidocaine by the bladder, The study was
conducted wittx MgdeiNey Zee A ' rabbits via
|ntrave5|cally lmp anted drug elivery de ns. werep_erfmmed on.ather rabbits for
comparative Fbipé. %m%tﬁéﬁ%&r%é ‘#ﬁk’t@ﬁaﬁwﬁ SO S EbGEBh S gseae solution was
instilled into the bladder, Base rior clipical studjes, the, I| e was either or 5 mg per kg
of body weig f’ﬁ*\’g ?)|L{HO ‘\?\/§§’?ﬁﬁ§p"lléﬁ‘?l{? g reﬁgeeﬁla'frlccﬁab‘lt%fgj eter inserted through the
urethra, and the soﬁJ‘tm‘h‘iWn@mﬁ@dimﬁm@‘bweﬁmﬁéhﬁ@@ttbﬂmemu@@%mbmgaﬁﬁﬁes were

collected at mHﬁM&W@M“@Q@:@%&@“Q@@&ﬁ %@iﬂ%&ulapq&s Blagderswerg.collegted from the rabbits
one day after mstﬂlaﬂg{% and urine sarg!%ﬁ were also % ected ?} t that i

2000/07654 TBETHIE 108085487 RABEIS RIS Vil miravaditnt ﬁﬁﬁ&?%éé‘iv S 8lther a “th -day”
device. Both weyvidds werecdomparablé in form tostheedeiriveshowseschhaing sspretzel shaped

retention frame assagiated with g.gilicone drug.raservali compangatrihe.drg reservoir component of
the three-day device had a length of about 0.0065 inches, an inner diameter of about 0.012 inches, an

outer diametSFDEENBUP Gy PN the eﬁﬁ"ﬁ‘ﬁfb‘a’l‘édﬁ‘”’(ﬁlf“éﬁgﬁt‘ﬁ%d of THSEATREThIEHE drug reservoir
component dfithie Bixpeayieevicdechadsa derigtheof abottGO8Srechesspriinner diameter of about
0.020 inghes, an oyigry Q@H&t%‘?&ﬁ?%%%i%&é BERESRCALING 1926 of ahout 2ma.pf hdocaine.

The terms "three-day device" and "six-day device" refer to the configuration of the device and not the
length of implAREHABHORET M PISTANE BeVitE WaE This B S8 TS0 B Purethral catheter
using the proceduaidescribedabope/ivithreferdace th: FiGint8ikEHexcathaterwas:demoved after the
device was imp a&t‘éqnﬁ 1008 SMRIGS, WetS fallscied almultiple points. efore and after the device

implantation.” Additionally, x-ray images were taken for one rabbit immediately after |mplantat|on two
days after implanReateh f%iﬁ’a“?ﬁ'lﬁé‘gig"&é%’ SHEF AT AR BotirtieRg Rt 1488 A% cumbent position
and theisupinespesitianddeitiplenxiray images:takenat:tiffereatirmesrevedlad that the. device moved
freely within 116 QS GhRIIRLIG bgwﬁt@no&! aepeslla, e feviceyasuallil erated by the

rabbits over the coarse of the m stud out any health problems. Bladders were collected from
the rabbits aﬁhﬁ*ﬂﬂ’?ﬂ@‘fﬁﬁé‘p@#ﬁ%’ﬁﬁ@?hﬁ%ﬂaﬂf&%ﬁﬂ H@Rjiﬁiﬁ@*%ﬁe‘lﬂ%‘y B 6sYs, 3Bthree days, and
six days. Urige.sampiesweresalst.eolieaiaddat the time the bladders were removed.. The blood,
bladder and urine samples wore analyied to determinelidocaine concentration in plasma, bladder
'surine. FIG. Bgandegraphiibustiedinsgyiefdedisraine in Rabbit Bladder

26 Dirug exposure studies were performed &7 vive in eabbif to investigate the absorption

of lidocaine by the bladder, The study was conducted with male New Zealand White
rabiits, Lidocaing was delivered to some of the rabbits via mtravesizally smplanted drug
delivery devices, winle mstilations were performed on other rabbiis for comparative
PUTTIOSES,

23 For the rabbits treated via ;’15%’%15;1{‘1‘;33_,e 160 mi of agueous lidocame solution was
institled into the bladder. Based on prior elinical studiss, the lidocaine dose was atther 2 mg
or 5 myg per kg of body weight The solulion was institled using 2 10-Fr padiaine Foley
catheter inseried through the wethra, and the solution was retained in the bladder for one or
two hours. Blood samples were collected at maltipte time points before and after

30 instillation. Bladders were collectad from the rabbits one dav after instillation, and urine

samiples were also collected at that time.
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plasma concentration. over time for the various treatments, and FIG. 23 is the same graph 25with the
x-axis modified. In these graphs, instillation treatments are shown with dotted lines and. the device
treatments are shown with solid lines. The. key indicates the weight of each rabbit aim: with the
treatment ty\g& PR presentation in FIG. 22 generally permits compﬁﬂﬁ&%@?@ﬁ?i‘éﬂs instillation
treatments to the various intravesi cal implant treatments, while the data presentation in FIG. 23
generally permits comparing the various mplant treatments to each other. As shown in FIG. 22,
instillaion of the lidegame,saluion Fesplied in A plial suideaf Idpsalng, Plasma gapcentration, but
lidocaine was no longer detected in the plasm after one day. Thus, instillation treatment permits a
sudden increatedi | §otain s pladiine orree Rl bl MHis indhedesssgarekly Ffowed by a rapid
decline. In the:gase-@f the-rabbitjceatesnia sinstillationmef a:d melkenlidminasQlutical for two hours,
the peak. plasma gonceniration.exceeded 100,08/l which is.withjn fhe kngu foxicity limit of
lidocaine by a Actor of ten. owever, suéﬁhlgh initial peak concentrations may be necessary to
provide reliefbEfwéstive poansy fHetstivndcale ARcUgR s BvichpUde shaBle 925 FIG.. 22 also
shows that ligR&aillapiasnacercentiation wasdiiasy elyiawer drrabhitstreaigtbawithithe implanted
device than ip rabbits treated via,instillation. . yever the rabbits treated with the implanted device
intained TSR Gh T Ee O P e R oA LB o (e, FIG 23 shows
that release frefisthie thitatigaysiovetbaferivenieheu » drugdpsistedpwitithelfésigiedbtained in the
in v.itro releasgRxample-&-dbheshdayderce which hativiee: themaylaad gtibedhree-day device,
demons{t&ated more xt)e%ndf_ed r?lease prfp{l‘.i_lgj @ovgg\{ei{ the_,six-lda%/ devi q.demoC{]?tr ted an initial
induction  WRIGH IS COMaIstent With the reSURts obtaine iz’ir‘*ikat &N Vit Telease & 8diylao Example 6,
The induction &ifneristattribtitblesotiie thickdrbecusedforthe Sixe ey cewiE&whtichiis 1IShydrated
over the indugfion.fime {a,ipitiatgidgeaing releasgframithe.devicgiAllin.allitheresults show that the
delivery of a depot of lid tine via an im !anie(;l. device, when cg)fﬂ]par d _to.de.livef,? via. instillation, may
permitg relatVEARGRAFTRRRE N SIS CBEPRTHS itk S PAGsAg8 OPRE Wble avoiding high
peak lidocainekpldsnmacehoenratibmg 20Beeat sethe: targaosite for intreNesicairtieatnent is bladder
tissue, the bladderlissye.soneentaianieflidesaing '?&39;1§QQ{%9§[§&¥ index. of.the gificagy of treatment

via an intravesical implant than the pl_a%m_a concentration, FIG. 24 shows lidocaine concentration in
bladder tissuB VB E SIYEHAR treti{risnte T iRtra el iRisTERt TTBEHRTE 645UR concentrations
are shown fokalthrider dalyedéwicgaatamalhpheptimnepoiittsdafier implantationjed by the rabbis

over the course of the in vive study without any health problems. Bladders were collected

from the rabbirs s mulniple fime points alfter toplantabion, includmy one dav, two days,
20 dhwee davs, and six days. Unine samples were also collected at the tme the bladders were
removed.

The blood, bladder and urine samples were analvzed io determine the lidocame
concentraiion i plasma, bladder tissue, and erine. FEG. 22 13 3 graph ilustrating bdocaine
plasma concentration over fime for the varions treatments, and FIG. 23 is the same graph

25 with the s-axis modified. In these graphs, instillation treatments are shovn with dotted
bines and the device freanments are shown with solid hines. The key indicates the weight of
each rabbit along with the treatmant tvpe. The data presentation in FIG. 22 generally
penmils companng the vanouws instiliation ireatments 1o the various integvesical maplant
gregtments, while the data prezentation i FEG, 23 veneraliv permits comparing the various

3¢ indravesical implant reatments to cach other.

As shown in FEG. 22, instillation of the Iidocaine sohation resulted v an initial surge
of lidocaine plastna concentration, but lidocame was no tonger detected in the plasma after
one dav. Thus, instillation treatment permits & sudden imcrease in Hdocaine plasma

comgcentration, but s increase s quickly folowed by arapid decling, In the case of the
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25including one day after implantation, two days after implantation, and three days after  nation. In
other words, the device was not necessarily retained in the bladder for three days. Lidocaine tissue
concentrations arc also shown ('hr a six-day device at the time point of six days after implantation. As
shown, the YA G&Vice exhibited decreasing lidocalne tissue concehtrd 8?10%%% course of
three days, while the si, 30exhibited lidocaine tissue concentrations after six days that: compared to
the lidocaine tissue concentrations exhibited by the three-day device after one day. Lidocaine tissue

concentrations ee,also measkied a7=day et lravesieal Jnsilaian. oyt s sy concentration
Ahiit ‘ a PSR A i i 6,]] i IT] foPy J1h ue'(,tﬁ"

was below the level or detection. It also should be noted that the lidocaine tissue concentration is on
the order of FHEsEyraing Peregra i dpasaerbich s pilpmalednais Wi snitid gbltsrEantration -
tween lidocaingdasme concentration madlidacaine esicakimplants, Gawelations are-also shown for

the reaimente.one day.after nsllaton, byl dhese congeniralians are nedligible in comparison
with the devite treatmen SPRS shéwn,'hlgher | 6ca|rie"pﬁasr‘na concentrations are generally
associatéd with highr- fdctsinectisdie bémesnriions oMEWEVEr, The mibEainE 8stie concentrations
are approximatsly eagdheusanddimes:highekthan thedidecane plasmasoncentiatien. Therefore, del

very of a depot gl hdocaine via an implanied. devics, .. pIovids ANer, diug, Sxpasiie 9 the bladder
tissue while avoic |ng“_t%e ﬁlgh peatk plasma concentration 6t|§6céine urine concthrauOn, was also
measured fortivsamhemisid Withetheeiiderday device and six-day device, respectively. The results are

shown FIG. 26. Blagdentissue.and Wine sampiesinera.callecteg thresrdayscaltenimplantation for the
rabbit that received the three-d%yt deviclﬁ1 and six.days after imglantati(ag g1;%the r?eb1 itithat received the
! , .

six-day Hevice RS SREH The ST ST IEGIHOEE DITHE HISCEIRETIRY CORcEMREidn Was comparable
to the lidocaire-tisste corcenrbtibmwhichpoomp oftdunlitbevitodntiasideseriistd below with reference
to Example 9.angiEl G424, Aelaw_smile.d: 1R:\ilre Ahsamtirm.afkidocaing in RatBladder A
studyperformed on rat bladders iii Vitrg to invesgégatgr of pH anpl _tin}el,. on 'liqpc.a.["? abis_%rptipn into the
-urothel | um‘WThE}BTgwsﬁtﬁﬁﬁ’iB‘éﬁ’Sf@ﬁ'ﬁiﬁﬂ% aia g%ﬁETI%TH§FWé?§W§&g ¥r8'rr% HHiWcial urine and
radiolabeled ftocaime sk ach lidovainesolutieriad: avlid ceaine tericedtradiorrofditbers|o-5% t' 0'4
mg,/ n314 or %?@r?s@d@%%%@ﬁ%ﬁﬁa@@@&ﬂ&a@%ﬁbéﬁ@e@ﬁe@e from the device. Al w all, the
resudts show that the delivery of a depot of hdocaing via an implanted device, when
compared 1o delivery via mstillation, may permit maintaining relatively higher hdocaine
plasma concentrations with the passage of time while avoiding high peak iidocaine plasma
concentrations,
20 Because the targel stie for intravestcal treatment 18 bladder tissue, the bladder tissue
concentation of Hdocaine 15 8 more direet index of the efficacy of reatment via an
intravesical implant than the plasma concenwation. FIG. 24 shows lidocaine concentration
in bladder tissue over ime for vatous treafwents via intravesical unplant. Lidogaing tissue
concenirations sre shows for & three~day device at oultiple time points after voplantation,
25 including one dav after implaniation, two davs afler implantation, and three days after
mmplantation. In other words, the device was not pecessarily setained mn the bladder for
three davs, Lidocatne tissue concentrations are also shown for 2 sps-day device at the time
point of six davs alter implantation. As shown, the three-day device exhubiied decreasing
Hidocaing Hssue concentration over the course of three davs, while the wix day device
30 exhibited Hdocaine tissue concenteations after six davs that compared 10 the Rdocaing lissue
concenirations eshibited by the thres-day device after one dayv. Lidocaine tissue
concentrations were also measured one day after intravesics! mstitiaton, but the tissoe
concentration was below the fevel of detection. 1 also should be noted that the lidocaine

fissus concerstration i3 on the order of pucrograms per gram of tssue,
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Rat bladders were inverted, to expose the urothelium or inner lining of the bladder. The inverted
bladders were placed in. the lidocaine solutions, each lidocaine solutions having a different
concentration andThe bladders were incubated in the lidocaine solutions for one of the following
amounts of W& fitiutes, one hour, one day, three days or five day§%¥wg/ %&?&nated
incubation time expired, each bladder was removed :cairn the lidocaine solution and the lidocaine
concentration lathe in the tissue was determined, 30FIG. 27 is a graph illustrating the effect of pH on

the absorption of lideeaid 1\%ﬁseiy&i%%{%%ivﬁ%%ga&%e@ﬁﬂﬁﬁ%ﬁ;&%ﬁﬁt&l&g&%aﬁtgl Jimensriads of one hour

r
and for one day. The graph pertains -to the lidocaine solution having a. 1 §'N) ikgjocaine concentration
only. As shofAfUeHE e PR Titbe AlTe SR SRERAN dy HITEE B W SbEBRSH BFlidocaine into the
bladder tissuesafteranahounhutthe pitdidinetsighificantyafeatdidocaineabgorption after one day.
For each bladder, the plateau tissue caoncentration (or absarbed lidocaine mass per bladder tissue
mass) was a%%ﬁt?&%rbg%}ﬁéﬁéeé}ai%%ggﬁ eﬁ:‘f’u V?,‘gg%%(é“n%8%‘%{2‘2%3%8@2%‘5{{?}% %%’E%%e{ii%%cain e solution
in which the Blagensralagsimisrsedh rsherBdoraBmupes that g tBpidi ssd B dHWMidocaine into the
bladder over;amextendediime.petiot-canibie indeprsdentakthepHiohthe lideeaine solution. This
result also indjcates that blifirina.the lidocaine solution may;, e necessary for topical absorption of
doc.ane by ST e e e O B BRI oo
illustrating lidoealrevtissteheotfesstatisn sV rkleertititeli todoing StibidsnsEaieEd in PU-ro an
rat bladder with \Ws%eiand 1% lidocaine solutions of varying pH. The graph shows the effect oflidocaine
conceniyation and pt, on th.c. absarption, of Iidocaine into ratbladder ssug. oxer lime, Results for
lidocaine’solutions “ONCentration are p oted s‘eparafe?ye aving 9% concentration. As showm lidocaine
tissue concentihtioniincrdasds gaieklyiraboaeten mingesy andhe Sradelra Prareat ¥brboth i0% and 1%
lidocaine solyfions,dheplateay ddocaingi.: wcansentiation tox the 109 lidesainggplution is in the

order of 0.1 tg‘%k .or while he plﬁ?l}ea I“i\d(g)qai‘ne gnsisu  cor ge%ﬁg&%@}rf@e} _.1f<%li.gggalne solution is
in. the order B0 RErTRY BF 198 This FESERS SOW§}thé ?F)e Bérwh‘uon_ coe idient for lidocame tissue
to lidocaine selatien fs:abolitulsityforins@renlidocaiive dbvsmaptidn dhie: irbttseliusnrHigher 20lidocaine
concentyation shawsgRet lidasaing absanption: Rie. uathelbMiBson, «iadificationg:ang variations of
the methods and Qe}(qqes described .he__r%m\vy‘lll be Obvious 1 th (]E? skljiled) in the an from the foregoing
detailed desciiFtiHIEHSHMBSAERTONE a{ﬁ%‘\‘/a?fa[ﬁogﬁ‘é"élf’é?’lnfg’r‘g e 16 cORE within the scope of the
appended ClgiDG, oie 9: Jn pitro Absorption of Lidocuine in Rat Biadder
A study was performed on raf bladders in viire to investigate the effect of pll and
time on Ndocaine absorption inlo the urotheliun of the bladder. A number of differant
26 hdocaine solufions were made from artificial urine and radiotabeled hdocaine. Each
lidocaine solution had a lidocaine concentration of aither 107°% (107 me/mL) or 19 (10
meml}, and g pH ranging from 4.0 10 8.3,
Rat bledders were maverted 1o expose the vrothelium or inner lining of the biadder.

The inverled bladders ware placed in the lidocaine solutions, each hdocaine solutions

25 having a different concentration and ptl. The bladders were incubated in the Hidocaine
solutions Tor one of the followmy amounts of time: ten mingtes, one hour, one day. Buee
davs or five davs. After the destpnatad incubation sime expired, each bladder was removed
from the lidocaine sohution and the idocaing concentration in the n the tissue was
determined.

30 FIG. 27 is o graph dlustrating the effect of pit on the abscaption of Hdocaine

sobudion & wiro ino the tissue of tat bladder. for time periods of one how and for one day.
The graph pertaing to the Hdocame solution having a | % lidocsine concentration onty. As

shown, the pH of the lidocaine solution slightiv affecied the absorption of hdocaine imo the
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CLAIMS: An implantable medical device for controlled drug delivery to the bladder of a patient
comprising: at least one drug reservoir component comprising an elastomeric tube and a drug
formulation positioned within the tube, the drug formulation comprising a drug; and a vesicle retention
frame whic*OMPHEEE AN elastic wire,  wherein the drug reservoir camponantiestfiched to the
vesicle retention frame, which is elastically deformable between a relatively expanded shape for
retaining the device within the bladder and a relatively lower profile shape for insertion through the

urethra and g s DIRCGEL . W% devige o1 SR Lawhersin IRe g ssenilr,aemponent extends
t ra

along the Iengftih of the vesicle retention e substaritially parallel with the vesicle retention frame,
both the drug&s8IvSH B SBHEREEE He WSt s FEteriH M Baigr Bsrbiftabe between the
relatively lowessprofile aae theselativelyexpandedishang 35T herdevieeind tlaimdk or 2, wherein the

rug reservol companent issigsicaly, Aelarablepasthgia i he.esielererention frame. 4. The
device of claim i, Wherein the elastic wire has a spring constant between 3 N/m and 60 N/m. 5. The

device of claimpieyibsiBiiapesbiReticivire s aapinylico RSttt Derve & E8sit % N/m and about 3.8
N/m. 6. The devieeefelaimnudieseinthe glasticiwise comprsesiaslasnmadiivgelastamer. 7. The
device of cla'%m -Wh‘%[ﬁi the low modulus el%stomer coE%p{ises silico e ]p(glggrgthan styrenic

- pufie wiocane y hGL hE JECeSAATY al ] WINE Oy . .
thermoplastlcue§ gigFgmer,L é}“ ap’%'fy%é@?é}grlgﬁﬁ %aééfiée. 8" The device of claim 1, wherein the elastic wire
comprises a Bivesipatiblearicidianivim aiiyag manibwiMblybdenum alloy, or another superelastic
alloy or shape menggey, faatariak.Q:khe.deviceof claimd cwbeneindheelastic wirdihas an
uncompressed state which is curled in the for twa or more loops. . 10. The device of claim 9,
wherein'the f?sr”sf S E BH ERES b e BI5S |cm§vgf“r;é“aﬂr% léglj‘hﬁ tégd?wg?} %ﬁggﬁ fWacer fore loops. 11.
The device ofziaimyti WhesinthbodruberdbatvdirEomporentisdperadietmvive to dispense the drug

at a controlleghrate; 12 fhs devies oh tlaimlilwwheeinibeplasiomaricdube ssfapmed of a water
permeable silicone or.other Wate,r(_g)erm?abl_ material,. 13. The device gf claim 11 Whg\rgin the

; e 311U ConGETEig ' plghied aepargtele from those having 1% cOncentaiion.  As
clastomeric tiB& EdAtr61S PBELE BrRd GG BV LR LE™ BRTRTSH 6 & SOMBIRALSh thereof 14. The
device of claiimetd, ivhereinithesetastomeric tubscontroldrelediserbd therdrigsy é8fosis. 15. The
device qfclaim, 34, wherein, his:elasiomens, ke £AMBHSES0Ne HoMOrgAnathRsfardispensing the
drug at a controlled rate. . . o a
tissue concenivation for the HT% Hdocaine solotion 15 in the order of 8.1 mgike or 1%,
while he plateas Hdocaine tssue concentration for the 1% lidocaine solution is in the order
of 16000 mgfkg or 1%. This result shows that the partition coefficient for Hdocane tissue
1o hidocaine sofution is about unity for i vitre hidocaine absorption mto wrotheliony, Higher
20 hdocaine concentraiion shows higher idocaine absorption into arothehium,
Muadiftcations and vartations of the methods and devices described herein will be
olivious w0 thoss skilled in the art from the foregoing detailed descnption. Such

modifications and vanations are iisnded 10 come within the scope of the appended claims.
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16. The device of claim 15, wherein each of the one or more apertures is circular and has a diameter
between about 25 um and about 500 pm. 17. The device of claim 11, wherein the elastomeric tube is
cylindrical with an inner diameter between about 0 3 mm and about 2 mm and an outer diameter
between ahepi pyfstmm and about 3 mm. 18. The device of claim 11, wherein the drug is in a drug
formulation core disposed within a central channel in the elastomeric tube. 19. The device of claim 1,
wherein the drug formulation is in a solid or semi-solid form. 20. The device of claim 11, wherein the
elastomericltube ¢ohipreaeeBsBLRe 6f SDiorEesrArIe ﬁ?ﬁi’ﬁ?ﬁ?&?@r‘?};ﬂdﬁﬁ?m@ﬁfﬁﬁ 21. The
device of claim 1, swheréingthe drug comprises a local anesthetic agent, heparin, sodium hyaluronate,
glycosaminoglycans, dimgtayl eultinigesoxylbubpninpanitomycing afleloxakeicpettosdn gpolysulfate
sodium, or a combinatinndheseabnd wIhe dRvieR, ehckrim idmwinergindheriing.cRRIPLisES a local
anesthetic agent that is g salt.Qf.a0,aAMRQAIASAT gnﬁgjg‘%fagré@ggméter 23. The device of claim 22,

wherein the drug comprls%s Ild%ce £u§ Erslé%%%lréemmegny a(%?dgg %%%1% rer%‘en% z%rnefprocalne
proparacaine, tetracalne ivacain oracomob Ha?lon ereo evice 0 alm which is

resorbable in vivoo5h 14 dsfmRer ‘Wf?&?&ﬁe{ﬁtév8%8‘?@%%8}?%60%6?{388%%% a first
end attached to adﬁ*gﬁmétm@eﬁlﬁﬁéerrmﬁ@kﬁfaww@h@Pf%wwé% vegstitiotrreghdicand a
second end attactwedito andégonie: ldeddion on the intermediate region of the vesicle retention frame. 26.
The device of claim 1, wherein the drug reservoir portion comprises a central portion between the first

end and the, secong &pd;dher caatal weémmcemgm%mmaﬁ ugsiglefstentiap.frame. 27. The
device of claim 1, HRIED G HSISRER QL2 é 'glh?g%%?taﬂyﬁjévv@zj %@E&éﬁ’:&t&tﬁ? \egigle retention

frame along at Ieastt e Intermedi ate region. evice O gralm wnerein gvice comprises

at least two drug Fé‘gélﬁ}%ﬁ%e&ﬁgr‘fgné‘%ﬁﬁﬁﬁ% é’ﬁffﬁgée\}ﬁﬂ% SICISG EtERtS ?r%u;n ¥4long at least
the intermediate réisHDS I RESREEIEBIE ffcgleay e ieedrefiticL, wherein:  the elastomeric
tube is an elongated, water permeable silicone tube having a first end and an opposing second end,

the drug formulationd geaise bt isani-sohtetrugtiodyiiaioaeareonibiantie dubeaind
deformable together with the vesicle retention frame.

4. The device of claim 1, wherein the elastic wire has a spring constant between 3 N/m and

60 N/m.
5. The device of claim 4, wherein the elastic wire has a spring constant between about 3.6

N/m and about 3.8 N/m.

6. The device of claim 1, wherein the elastic wire comprises a low modulus elastomer.

7. The device of claim 6, wherein the low modulus elastomer comprises silicone,
polyurethane, styrenic thermoplastic elastomer, or poly{giycerol-sebacate).

8. The device of claim 1, wherein the elastic wire comprises a biocompatible nickel-
titanium alloy, a titanium-molybdenum alloy, or another superelastic alloy or shape

memory material.

9. . The device of claim 1, wherein the elastic wire has an uncompressed state which is

curled in the form of two or more loops.

52



the elastic wire comprises a low modulus elastomer or a superelastic alloy. 30. The device of claim 29,
which has a high profile form in which the elastic wire is curled into two or more loops incapable of
passing through a lumen of a catheter or cystoscope and a low profile form in which the device is
capable of passing through said catheter or cystoscope lumen. 31. The device of claim 29, wherein
the elastit@ire s despring denstanwbeatiedn Brimdasddd dhidn o theissidevice of blaundad, wherein
the elastomeric {yhe has a0 AR fgggygh which the drug can be released in vivo at an osmotically
controlled rate 33. The device of claim 32, wherein the elastic wire has a spring constant between
about 3.6 N/m and about 3.8 N/m. 34. The device of claim 29, wherein the low modulus elastomer
comprisessiliconBe fenksafivhie b ShrERcRHvbISSETRIEIRRIBMEPR! b PSRIRIR/Eeisr &bacate). 35.
The device of claigp22: whekainiecdiuscempeses a local anesthetic agent. 36. The device of claim
29, wherein the elastomeric tube has an exterior osmotic surface, an orifice formed through the

osmotic surface, and a_coa%n%_or Iihea}tlh covering at least a portign of &hef‘ osrn{otic surfabqe to reduce
the per'méability ﬂgvgﬁﬂ HEDO &C\gl erein the elastomeric fube 1s formed of a waler permeable

silicone or other water permeable material.

13. The device of claim 11 wherein the elastomeric tube conirols release of the drug by

osmosis, diffusion, or a combination thereof.

14. The device of claim 11, wherein the elastomeric tube controls release of the drug by
OSMOSIS.
15. The device of claim 14, wherein the elastomeric tube comprises one or more apertures

for dispensing the drug at a controlled rate.

16. The device of claim 15, wherein each of the one or more apertures is circular and has a

diameter between about 25 um and about 500 pm.

17. The device of claim 11, wherein the elastomeric tube is cylindrical with an inner
diameter between about 0.3 mm and about 2 mm and an outer diameter between about

0.6 mm and about 3 mm.

18. The device of claim 11, wherein the drug is in a drug formulation core disposed within a

central channel in the elastomeric tube.
19, The device of claim 1, wherein the drug formulation is in a solid or semi-solid form.

20, The device of claim 11, wherein the elastomeric tube comprises a composite of a

bioresorbable matrix material and the drug.

21. The device of claim 1, wherein the drug comprises a local anesthetic agent, heparin,
sodium hyaluronate, glycosaminoglycans, dimethyl sulfoxide, oxybutynin, mitomycin

C, flavoxate, pentosan polysulfate sodium, or a combination thereof.
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22,

23.

24,

25.

26.

27.

28.

29.

30.

The device of claim 1, wherein the drug comprises a local anesthetic agent that is a salt

of an aminoamide or a salt of an aminoester.

The device of claim 22, wherein the drug comprises lidocaine, prilocaine, mepivacaine,
ropivacaine, benzocaine, procaine, proparacaine, tetracaine, bupivacaine, or a

combination thereof.

The device of claim [, which is resorbable in vivo.

The device of claim 1, wherein the drug reservoir portion comprises:

a first end attached to a first location on the intermediate region of the vesicle
retention frame; and

a second end attached to a second location on the intermediate region of the

vesicle retention frame.

The device of claim 1, wherein the drug reservoir portion comprises a central portion
between the first end and the second end, the central portion being unattached to the

vesicle retention frame.

The device of claim 1, wherein the drug reservoir portion is substantially aligned with

the vesicle retention frame along at least the intermediate region.

The device of claim 1, wherein the device comprises at least two drug reservoir portions
substantially aligned with the vesicle retention frame along at least the intermediate

region.

The implantable medical device of claim 1, wherein:

the elastomeric tube is an elongated, water permeable silicone tube having a first
end and an opposing second end,

the drug formulation is a solid or semi-solid drug formulation core within the
tube, and

the elastic wire comprises a low modulus elastomer or a superelastic alloy.

The device of claim 29, which has a high profile form in which the elastic wire is curled
into two or more loops incapable of passing through a famen of a catheter or cystoscope
and a low profile form in which the device is capable of passing through said catheter or

cystoscope lumen.
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31.

32.

33.

34,

35.

36.

The device of claim 29, wherein the elastic wire has a spring constant between 3 N/m
and 60 N/m.

The device of claim 29, wherein the elastomeric tube has an aperture through which the

drug can be released in vivo at an osmotically controlled rate.

The device of claim 32, wherein the elastic wire has a spring constant between about 3.6
N/m and about 3.8 N/m.

The device of claim 29, wherein the low modulus elastomer comprises silicone,

polyurethane, a styrenic thermoplastic elastomer, or poly{glycerol-sebacate).
The device of claim 29, wherein the drug comprises a local anesthetic agent.

The device of claim 29, wherein the elastomeric tube has an exterior osmotic surface, an
orifice formed through the osmotic surface, and a coating or sheath covering at least a

portion of the osmotic surface to reduce the permeability of the osmotic surface.
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