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conprise reagents to facilitate the



: 27‘phot opol yneri zati on process, such as at |east one photoinitiator, and
. one or nore co28 catal ysts, such as, for exanple, N-vinylpyg: BJIMAYIOZG@Z and
tri et hanol am ne. Pr eferabl y a 29 nontoxic phot oinitiator such as eosin Y

hot oi ni [ h at
Do G et hoxy- 2- proteiieat i REHGHER Jh A5PR, PP i . sHisens, SPpRRMs sy
process 341 c aﬁplhﬁn@ﬁbﬁih\ézp@@nmt forn@latidnbey oM@ EHetredindl forédRY fo a porgioh @ BEtHeV
polymerization with a 32 lowintensity |lanp emtting at about 365 nM
visible |éseuempr@lryrre&hszta%re@rlrxawtheha%qrdesn@titgtafnprﬁmtrnasmst-emr@tr\rm@"—aarlsersout
514 Vi, I d
L TV 1 o A" R BB S R T3 ey 5

MAY 2002 4 Ia&t‘mat bwake(rprblsfefatgbtvnaéoramm@my,engm tieﬁs/\BeduMﬁOpm 0hertddt such
as, for exa a 2 1-kW Xe ar 3%)\ LT um atrgsn occurs over out 1-120
seconds, %re aI@I’%FrI molecylesy dpcluding cpigirins  an {YHHCH ceRuse chrahieratyei s
| ow, _phot ppokpREERbAAD, d&ﬂﬁ'otII?avEﬁE ror sa*neéle Rbhe g@lﬂﬁér%ﬁmﬁ@tmna%d Wuls hmﬂel I's
and tissues. Indeed, sinmlar materials have beén S successfully utilized
for the e&capgublatirtonhc)fmqmlrymgeratmc diughg thecist-gpexatiivef pariodh@Y &t pt elePtocon of

post-oper he, t et al. Cbstet Gynecol 83: 7
59- 64 (19 \I‘Ieé{a Cinf@ 9@%&91&@ 9855 To 30 21 22 23 24 30 26 27 28
29 30 31162 33 34 GIIet@b@@ttdﬂ/@iI:anérh@ntlﬁaanﬁfeﬂfdaﬁfdrmosﬂi’rig hetifgll bre®K in an
formulation into a gel-like coat can be achieved aut opol yrrerr zat i on of
the pol yhbr RBimAL GEMRSISINgAPPEtEATORIIX)C PAYWET fﬂenpérlym thgapyn ‘}I%Féqfor ned
by m xi ng,t OlaniiRii€o I 0 n a
cross-li %%eIIIQII)oI yrre;II nU%IV\DHﬂI( a¥?)£n IIeI II&IrI%Ie) %@%ngéae% ITﬁI IgortrIIc |‘Isres a
first polynefonmeaionsiato agel- mcsmanndrqwa‘ayhyethcpreadmns@dhesitvhecoﬁu dS(BIhpr&‘sESIa
second pol ynmer precur.sors bei nutu ,eacti ve. eferabl firgt and
second pg g@l‘“ﬁg@géﬂgé’f" "};ﬁ’e% e"§I=,I aﬂﬁ)mea%tqﬁiI’ﬂI? ?’sa normal

Typi cal | Y5 alopb@astin @RE rédina (HIGo @B a%ethkwasernseryefe%é)or Relifa) brEdKs éaas ed
pol yrer precursor Preferably, both pol ynmer precursors ‘are PEG based -

pol ymer péecdevsiep from seNeral proadttions.t inplyHipge bup netclimited $0,i myppidecqnzenitains,
such as, for I f

tissue, (II7 bggfe@{%h%ﬁng aIIIf aaé'Ie)III}gr gefg?gab&eﬂ?ﬁ‘ﬁ%gﬁééét%)g?ap SagllrIrI%I And

ot her | | guge) omiestidated d@hﬂatmm@r%ﬁblwsmﬁmﬂr andinofopryfelably ns)d/d %um?n
pyrroli e) contain an am no- c i ni ng co- orrer am nat ed hy uronrc
hei d. ot har é&r@@ Ia%rgroweéyl%ﬂ RRHs e e, ¢ FeF“é’B‘I‘?YSt feet apd 2t

PEG has 20 m)Ir@s%&Icﬁr YIﬁhIghtSu@tfablétddn?t%ﬁéat&p%I'na:l% &Qﬁrdgldagk)ca@r ecfa&reahbrsewe

t han about 6, 000 g/ no even nore preferably nore than about 10, 000 g/ nol,
and nor e2pr efgeatabslgzea,tplgseasmlealﬂ@ukeyzoambothgr amimalsSimi mabbm@e@mmnmvwfer
precursogi i ne anude but are not limted to) term nallyfunctionalized PEG
such as difunCtionally activated forns of PEG Sone activating groups

i ncl ude @poxy gr oumey febaiehyfihs requirenyns fdrake makoiaRite by asal iaiosingoetindt es,

car bonat , Exanpl es of such forns of PEG incl ude,, but
are not ﬁI‘Im B’éﬁ’a ﬁﬁé&ﬁ#@ffé@lt?ﬁ WI‘B%PV“QI"-B@SI‘O&PE‘ edregiEcpne peyGlo provide

di - succi Bkm : PEG
di - succi EISm %II tII((I:Segrfél:;)lonatIseE)IEgI(gIéEGIf) PEG |ISIII|§I O%IISFI:rda 3eIIIIIg& p%i% E<‘§9 uﬁsEdC:;
succi ni m2dy| apphrpi dirextlg onzand aRE@ddhgbivecofite retabdefed- BEG):ol(yhheS isRatame No.
5,614, 58 and r i vati z d PEG nol ecul es PE nitro |

car bonat ?7 PE"@?I J%’ﬁ%@egy (I%Eém(?f‘ PsBYS QhatRue TRARSTIFTS: ?Ot ﬁ’?%‘@s’ﬁ I/Seg and
the |ike: 28Parrépe%uh$%wct%%ﬁxﬁrw1ﬂﬂn 'aspofyrﬂIér NPBIymediz&idWAYs ﬁQQ?onUm of two or
hydr oxysucci ni m dyl - acti vat ed_di car boxyl é such as a di-N

hydr oxys®@ci rW‘PFFdPPnCP’E@? tfupﬁecrucgm pelymer.di rmcmharppgymtzat\m efi ethyleng of
PEG can be 0

exanpl e) %tohe IQIIII%I E@? gﬁmfr cal’ T’%\gp@ QIMID (Ifgaewg I|§°on<rI\é’Io I"I?%ergrfoq’\?e grquceanat 5
http:// ws. svyieltl yanpatymeronith t}ﬁ rE}rmheg seshinit U -0 hR Will el appree atdd thet oy yiemr

pr ecur sor__pai rs ncl u 'gVI‘ tletra’? am no PEG and a

di - N- hyd@@xysqae i b i@yned *he(% yrerzefiph 0Oh s thep&vafRenemars a8d At dy |
car bonat &3PEG, fidle fBhodES Ran %Ip%éeﬂt erﬁnéIuQPEHu'as %‘%@r&hh&lﬁ polymer. By
hydr oxysucci ni rni dyl" PEG 4) 'agen, gelatin, or albumn and a

di - succi ritm dipplyngerc arasorsat’e lPEGeaatnda (l’ﬁylemlhema&urﬂ aubseqaenthyc hidndied alblyy
reactive polyner pairs. Mst 11 preferred for the nethods of the invention
is the conbination of a tetra-am no PEG 12 afd a di - N- hydr oxysucci ni ni dyl
PEG |If a di-Nhydroxysuccinimdyl active PEGis 13 mxed with a di-am no
PEG a high nol ecul ar wei ght polyner results, but not a crossl4 |inked
hydrogel . However, if a di-N hydroxysuccinimdyl activated PEGis m xed 15
with a tetra-am no PEG a cross-linked hydrogel network is forned)

I | ber atr ng onI y N16 hydr oxysuccr nat e as a reactr on pr oduct

. . Y o -, Y S T




. 1 of the first pol ymer precursor to the second pol yner precursor.
. Typically) when PEG 2 tetra-am ne and di - N-hydroxy succi ni n @dyMAPEgaare to
be used, polymer precursors 3 are separately reconstituted inmediately
before use in physiaqlogical saline at pH 8. 4 They are pmxed to yield a
Cotal fimal ROBIREHENEA 1o A0HH aﬁ&wefiﬁ%%isﬁgrg&ﬁn@ﬂt‘ﬁﬁé’Pw@?’a&rF%“ - it ar
amount s ef , ; I | VIS A PR ol S Y-V Ted Mo Yo PG

.9 Sl?%?séﬁgqg f Ny d&ﬁl?fogl'bﬁp.p%lﬁﬂéx"l“ 4 ARbRkan G WeRiel&fin s

begi ns i mre er mxing, inje n onto the retlnals_preferably
perforned 7 suchredisattyt y phdtopolymeriagtidns petdpolymetizatioy t oo phydicogbemipatl a
connector,. 8 Alter nFltiVﬁ.L%/ a Syri ngrg W th tmﬁbanlel S can befused. iz
Static nixt ROYBTER o) h%‘yfﬁ%P?C OF ¢A0 ISG 1 B FP AL YRR SUASy fP SFgPRley he
pol ymer Bregéfgethyrat 'gl)'cgf)s_ipl?e‘iﬁaﬂ\}ég‘?!ﬂﬁgﬁp@glﬁ@r pReds6r &in b Mdlculel B@ef | ME
between the initiation of mxing and injection is usually 11 |ess than
about 306sechards poiptares, such dsca prstginyiod exgmplss albumin. regllagao gglatineorathaul a 12
(or other suitabl I ula, or a needle) attached to a syringes)

cont ai ni gg 1@n€&l@£¢g%§§§®g%e break prior to mxing the conponents. 14
Towar d plgysi cocheTHec pblyinen peécurson)is bkeally prepedtVifethe polymed feeimbiation eat 1H

gl ycol ) - - pol ypropyl.ene gl ycol ~-pol yet hyl ene glycol), comonly referred to
as 16 Pl &r orfoReenyiptien An Befange ¢f @B°‘F‘o‘$-9r¥°ﬁ’ol°yﬁli§’r“¥§8?/‘luti A ACTRhCORGERURtQN d at

4C but gl s ya@ks sz&ﬁ?pol%{e?g dcufr hfydeﬁd' iﬁ”‘to?fcoiggg. q‘\%ﬂ ggi}g{xﬁq )?\PéCtupSOI‘S

solidification to forma”18 physicochemcally cr -I'in mer network
on the srf are préferdbly tised we.a Grihimal 1Gonchrtraioneof rbousl £%bbecauspat ilbver

bi od bl | . kpown... F le, .20 | .. Nat
(1967) 385 soeCepations i€ v, B eRmch cie KSRy bilr o Hiebbts B RSB 0 aci
that di spl aynhylrapmoBieltp dfitliBJérﬂistdf'tﬁ@Fd'ﬂ?nﬁ? pPdcliRBr, IcbAdbhirhliéiSas ISWCAS ARLEr i al s

22 can either be applied warmand fluid and allowed to cool in vivo into a

gel fornd orl%23preferably 2oyt iXe eablbe awsgdf foufarmancgehl | Bighd madeamtar nweight/i vo
into a | f di 4 o] i heni C terl shi of
the gel S5na PREEREES deegZ oI S RRXP BARG B EAbI JRARE Bh e
responseiét o K0|000lg/mhhysichas foPéxagnide, acedated hyahlireniciadid ate peefetably\peesent

systens., _Stinuli studied to date include enjcal. 27 sulstances and. changes
in t enpérlat A& C‘im_e%tFﬂimBI‘EEtg’?aéerfﬂ’éﬂ‘&go% _ p(%?né?rse’ﬁfnr'g% @g’pgﬂa%&"%f

N-i sopr oyl acgwil 639, @582_@!8@299,52’&,9%;%@595lQ?S'Sd,ei})cd}BéﬂéQH%YéiﬁB ret&ence.

oxi de) - pol yethyl ene oxi de) (known as pol oxoners)” are typical exanples of 30
t her nosel¥si tive pbrysfermatiopuef theeipelymss pracutsargtodel thiner gelilike peagblcansalbd ¢

Cecs s o A sk K, 080 B0 O R s RSB AAL el °
i nj ectaldle nihefmicapheiceasitgrandnipl piiisicoyhdrRiaal, ressonedli GVhenestich raeliquidqd-ssliat ed

fabrication processes using, organic solvents. Such 34 systens have he

di sadvarZagetrangitionoqaury ey WRQRthF tisss| spERte Vidany of the appspachey descehed .

2 8 A~1-AY ' : e,
Che sol 120 1 ooy o R ke LI TR e
irritati2én aprecutsordsepplifideoveeaibamund tig: tetivali breakn cowmingrthio breachedearea/of hesi s

of ath sensitive, biodegradabl.e hydrogel consisting of polyner

O cour oo B Bt oVt TR TTeIRE Snffe bRt 3 s e Bled Emelu R AR ous
sol uti ongs of mhin@se aBiRdsIoRESS thE PoUnsedzEd efﬁ[&siahjt to the e lstffeced ePepieany, the
‘reversible gel-sol transitions. By 'sol" is neant a pol yner precursor

sol ut i o Tahi RAYIMerizedrippéant pyiands Q¥eatheswntrepchesl area gthe rpdnapygahous Odomyer
solutio i i igd.t 8..).L qui : 0 C e in
2 aquect piatots S, 304 Sn AR byel A hibaddl PRAEEE AR IRRERE
where t hzy fdasired, upoto. the entidei retifiad rsoafadeh ePefdrabip the solympeddaliptant ERtetds

subcut angous i njection and subsequent rapid cooling to body tenperature,
the 11 |%0adeave&hﬁdm?r@ﬁh¢doarrﬁ%of§tﬁaéwnafz a%ﬁ\ét%gﬂ%@rab%??rm"éft-i ons descri bed

above ar¢p appl i edry JHRNE i i thern ] r e as
a whol e.ﬁTypi cal I%@Fﬁ% subrg{]i gg:iél)?tfeﬁ{}ge%gso‘g‘#rg?ﬁe ?\l/hﬁ?”ﬁs?}%#ﬂbﬁiag?gg%ﬁ
exchange32 n by gbotopolyfrieszatean ofther polymar fomswatiqnhoPbotoabrriasliyoactivatable-
cryot herapy can_then be perf.or around .t he hreak. The pol r_formul ation
76 Chioh aBrTER PRl Ui foro e ReutodS ofeBE ryionbReuaE prectiibi

Pol yrer i zat i gdnprisigf hewitedsasbld holyieruss 6f e@dle dotdsidalshoh ad, fop@sampleput 1
second to five mnutes or longer is allowed 18 to pass to ensure conplete
pol ymeri zati on has occurred, and preferably 6.he delay is 19 |less than 30
seconds. The gas is then renoved and replaced with a bal anced saline 20
solution. 21 Another aspect of the invention is a nethod for nanagenent of
retinal 22 detachnment in an aninmal. conprising applying a non-toxic,

bi odegr adabl e pol yner 23 fornulation to the retinal surface of the ani nmal
over and around the retinal break) and 24 transform ng the pol yner

r o, . o, o g, o o o o Y M



30 The invention al so. provides articles of manufacture for use in closing a
. retinal 31 break in a manmal wth a non-toxic bi odegradabl e QQI MEETggy! N one
enbodi nent, the 1 ~. 2 8 MAY 20t12 1 article of manufacture conprises a
first container conprising a polyner precursor of 2 the formula: 3 Pm D~--W
Da Pg 4 wher poly(etiyilencaglyatlpr(PEG)based polyyees: ; PBG ds @ pelymadaifl the fomatly; P
is a S photo i iety: mand.g are integers from,1 to about 10;
015 an’ it cEUICIBEHEACHCRAGH bhttsl! S e shte g aee R REP LS RORIFS 1o
about 1203 The nddléchlar GAOEIRI 1YBically TR @BSMOITY bindl QB! @tdte@thaneadlt 95,600
photoinitiator and' can also optionally contarn at 8 | east one co-catal yst.
Wher e t hed fi ghmolcprefesably betreren abouit GPGD &/mgt de abentt35:A09r 8/mel.0 Saagispeaific t o

t he pol yner C i . e i I C ain a
"0 Secoms cBECt RERues hel® hbistiss ShighPil bR 41071 87 3380, 008, dobor e
The articée @8500] 20000yfoad500%k REG nxddcutes dalvingCombbbctlan wefght thoc spetidicaky

i Si photoinitiat 12 . | uti t | . _A
COMPr1 im0 2 ROl U Lor A2 solulion DUl 18 oLV RLSGHT St 72
second angl t??rn‘éfle&%ﬁ@h&ﬁ%:ﬁgﬁfe‘a. ‘L%%.feI-'I'nd(l&ruIanﬁeYﬁ?_tP'E@fd?Mﬁla@i%nsléreqa‘léflréd bed5

above. An arfi manuf acture conprising the first container only is 1
sufficien® foracklgi chpin REGnfurmblagiaksandltypictly iheve agholeeularf weighv ef about

preferab fyrther 16 c riges instruction se cording.to,the
et hodo. bs c oG IR, dRiERet PR irelat BB SRE {o5EeRBRRY 5 rredion Fer
enbodi meni, 14k chkin FEG f@¥muldions asd kive aGRoRELIEEeight dfipeéat&QRAPIDAGT 4,080
conprising a first polymer precursor and a second contai ner conprising a

second 202 polgimels ppferablysereyter ean phost SHORP sisednand 6r5y rhsr giSRIEE thatortoubei ng
mut ual | 8 eaGhios o 0P elbles tnaNflofesenlo BRhMHre RIS HROL S RMln MG
present ih the Cofitalher Fnoadmxture 22 w th a phannaceuticafl'y suitable
vehi cl e fér deiriwaioys thavé hemobletdar oright it e eange of Abdlitt 200G tg/mell y, abay such
vehicl e n ded separatel y) if necessary, f xaypl.e, to 24

reconst i Egt e%ﬁﬁggﬁ‘@mg}w@. %&‘F %é)gpeg/‘_l"f’f%‘l a lgggéﬁzmﬂgvg?%rm% peeliedr s are
any of 216t hesi JIRkUHRY sRIEHURS 8 eRAICISPEG ShMIsAAL: RRRVRedehRin £@Brribution
autopol ynerize. Preferably 26 the first polymer precursor is albumn,

col | agen1dr gentened rerounddthe fstateenwirgulen weight, eofppelyassouch gs glus or minus

term nal y-f i | 4 I I I I REG). ' 8
first anégsegg{?\% 2@%‘%?%{?’%%? {séga{;r@gg%aﬁfé?%%}g' )s‘f/e?’fﬁr’fé(e"sfé gﬁls%%é%og%ﬂgk%?v eegég’gf’ r?el S
of a singbe APEYpiodga aban avgagd mbleculan weighe(Sde\fbeexanipld, hite Sigmachtalogh
syringe, Snd can al so age %i als or 30 other @_‘yl,i ndrical containers, such as,
for exanple a segriEtferaghy MEHOREEr RRRFUEOFS ef BISdnVeRtoRSATPEES ERAEU Yl t her
conpri sespri ng afownet ?H&Bb&?&eﬁ?z&ioﬂ, bRIhRd (E0ExAAST i PadRal ?@Fyh{éﬂhﬂl’é eak
by conbining the first and Second pol yner precursors inmediately 1 ~. 2 8
MAY 20a222 bdéovei. fxampilesepftsuch teactvsttermini inghfda@eryddtest and methawy lass.evitland

around t retinal .2.break. ual, | the firs nd nd. r

o ocursoft. aee Bt TR el Bty bt B R pRFERACs R R eate.s)

i nto and2#hr ougdiradrytsddinect or onto the retinal 4 surface. Suitable

connectors are ané) structures that permt nmxing of the fjrst and 5 second
I

pol ymer BPecur sor $T¢ipiBl HieePYIYBET Presursoplaloacopprises deggadable; reglons pfface,
such 6 a f egﬁ.%p : t h i e 0LCTC I, 5es At

t ubul ar Zzggrrgﬁ?lg, gg%‘%ﬁ%c%ﬁ?%s%&ﬁ Vg(ar{ apert%?ée}qlu%loggéﬁﬁlé?ﬁtg?ner,
and whi cR7ar euffitidngg simatlahat tBe pioperties bfithe| poty se grenursor 9n $dletidm lahd vhiergg!

ot ot 1P ibee w8 Sl e & MRS A o B kR R B
Precursongl3 p‘élﬁﬁe%fﬁ&u%lr %&EBygrmm 6%l 16)ab6 @PTUVS NEreferblP Wb b LR ebouft

total of 30 g of 14 dry PEG 6K, 3.60 g of dl-lactide (5 nol dl-Iactide/nol
of PEQ, 38nd D50, regerdabis regiensn dexpmpdesapfowcl dagradatie regeansi inelyde buparerot
round- bott,omed £l ask, under. ni frogen 16. at nosphere.. The. reacti,on m xture
o sti rred uniebeRchtiipRticdnblabie Bigbraetic GRS, Sigh i B e &
subsequenpl y ro . g laci

i ssoved 1 dPaR B oiaph oD ot oy TSR] MR RAPRRIMIPES 1o
and dri ed3 Th@La), mihydglycbljcaadkyPGendbaly GishpdrotytREEE add){HBay)i andpolpohasul ar
20 weights are used as ring-opening reagents to initiate the polynerization
of either d121 lactide or glycolide to simlarly form several other

copol ynmers. 22 The copol yners are end-cappedswith acrylate groups to forma
pol yneri zabl e 23 pol ynmer precursor. A total of 30 g of the internediate
copolynmer is dissolved in 300 24 nL of dichloronethane in a 500-nL
round-bottomed flask and is cooled to OCin an 25 ice bath. A total of 1.31
mL of triethylam ne and 1.58 nlL of acryloyl chloride are 26 added to the
flask, and the reaction mxture is sitrred for 12 h at 0C and 12 h at room

N e N . - L o . o o .



- 16. 2 8 MAY 20p2 1 Exanple 2: Synthesis of 10.000-Da PEG Pol ymner

. Precursor 2 A macronol ecul ar precursor is synthesized that cggsmzz f a
central chain of 3 polyethylene glycol) (PEG wth flanking g f

| actic acid oligomer and 4 tetraacrylate termni. The precursor is

synt hesi zed L | -Cg,"g)&g- g I 1

(Mal li nck?od'lta ?EA@S‘# }?é’gjq ngggcritghtﬁxi ng Bﬁggrsoarﬁgﬁﬁtggﬁﬁte%%géyﬁ?f%h e:g of
vt.-lactife (llowingbydeanglyclidyl >dactdyl% -vaprodaoty). st annous octanoate 7 (I CN)
in toluene are added. The solutjon is refluxed under argon for 16 hours to
8 achi evedan aver dga p&fewqwtw&w@-;heipelyg?%muﬁ@r hanige f%‘“ﬁ%:ti mat ed by
proton NVMR. 9 The solution is cooled to about 20C, and the polyner is

preci pitaged with hexane 10 (Mallingkrgdiy ACSpgrade), filtered, washed,
and dri ed% This polymer is dissol vegmilg" ?’f &t r“ghydr of uran (Mal linckrodt,
ACS grade) under argon and cooled to about 15C. 12 5.23 ml of triethyl am ne
(Al drich)Sanwigreim B iace ywept-sadnbler pelymenl & iishp degradabledmeiBty: oPt fse a

i xt i | e, bubbl ing. .1h t he . ticon. .The, ni . is.then 14
et uxed Bna@POdpaeraIE Rl 8 40 4 AR TRRSHS (M dP Gebeotd oS sP bR ar e
is 15 renpvedroay | ftd bbsAatid0 and thendpareifges ft@h ORbedoitSI0. V8 cix BE A Pinkat ed

with hexane) 16 filtered, washed, and dried. The precursor is stored at 0C
under arg®n @Atymersa branched polymer. One ofgrdinapsskill i theps wpuld upderstaad Hre

Vari ous |l e S i j I . ght s
are synt ﬁsi ge altas%é@:erai al?ége f&?ﬁ%ﬁd%@)ﬁ%ﬂg@écﬁ? o@fn.e ysa}glvgﬁttng% g‘ﬁg t%t -1294
(1998). A0l wof \lewing depeaiiable ardéorsphritbmedyrser2Abler moistizgemt samade atir obdtet er

TR e T i
(81;) or 120, QMY vkl KdiepRitea iﬂﬂo?&%ﬂl?’l@& d%r@mEI%I}’ Bleaf »\gﬁirpﬁﬁ%z}ﬁnér':ﬂrmo} aand

wat er was renoved by azeotropi cal stilling 2S0 m of 24 benzene.

Tri et hyl dAi nelegradahl¢ cegion rhdésstibed abavenoh aphetopelypenzghie maietPE® dimdiend 25

groups, i,§ added t 0 on rQomt eragure. r vyl «ghl ori de
96 (A ar 12y o7 o, B rovingpidel @ 3 ppRMRE MEbebticSyre B Mgl SBRieCl
added dr apwi seavéléngihs t duftathleGos @atillyzinp tpolyhrizater Wraldiscdisedt iar moed detafh The
m xture i%stiLor ed overni ght 28 at 3~C under argon. The insol uble

triethyld 'né’_e X-ts fornmed during the reaction are 29 renoved by filtration
and the REG di acr yhat@np/iReyaihed 6f MaRe iqRkd P4rfdt $3YasttB AcRE0H the ARsitdd RBreb- 4
liters of diethyl ether” (Fisher) chilled to 4C. The PEG di acryl ate

preci pi t d8e iof cBassdimkingcanddratsnofatransitianefiorh Uigvéd-to-geldiponopalpienizationo The of
benzene) ,gnd repreecipitated with 32 1.4 .liters.of,chilled di.ethyl e r

D ce mord. TRERRST hies B wledcbort i afhicls' ChRRhIe T esviee B B M iR
8 MAY 20Q2 1 nrfiéiydprfdryblabesvean abaimal. yzad absuiRs%w depadablemyietly] withabomance
(NMR) 2 spectroscopy and gel pernmeation chronat ography. (GPC). The ?*ggree of
subst i t utd on 130 &F 2k 1pkDeing mpstapreigredh Sineos ordiaany| skilbIn he dgk Wow kBAWUsi ng
t he NVR spect i : :

Macr onol égul éé k}2 X 3%2%15 %ﬁghﬁg 0 E@@%}?&@g«g%g}rﬂgg@ hgq#‘zl%flgaro\?&g%]te‘)f

i ntegrati2dn fWomordes tPEGIH@Akis@oel. (PreBréblppnindqadreantegersfoory |lao ebpadka (~

5.8-6.4 m to the known PEG wei ght rage nmol ecul ar 7.wei ght. . The, K extent
o “acryl 2 b b ds (taiEn oe Yapoetol dB EF Ryt e BheroiP gl 4o ibPmud ot
acrylati @3 - AlR¥ekativelye et pylymervioinghiatiod cdnndopsisrase iﬁ’fvaﬁﬁ% fholar ratios polymer
backbone) /[ (integral of acrylates)/6]/4X44 } ~. 10 Exanple 4: Visible Laser
Pol yneri 28t i (riecarsorphgong diftering vabiey fer mpneeup S04 q1sq asTkeaghiexs g desirable

i ncubat edi n e Y1 S n j | Ni & ' .
Hepes- bu f7er e%réség{*aig%z)f? helgé%ﬁ %ﬁﬁx %P %’?é{)ﬁnn‘{l% ﬁ%%tgdrpokggéor l%’ﬁgw 152
phot oi ni t28at o.wategnfco]tcmblagbllymlesha\fiagg r@cilemﬂ? Wéigmwf. aﬁTJth uioselgﬁlnbbaﬂdfmf ,mihnsed
twice in _Hepes-buffered saline and 14 infused with a 23% sol ution of the
macr orol écul ANd Y He iHesss trpmeD 1o 200U E0h mRre Brefermbly oL to RO VR o FYER TGTe

(A dr i ch)soandfredobf 1 7o abdubSPUI Lot § Bhtlel 0 prdBited ] PIBrably Whis o
illum nated using dn argon ion laser (514 nm mecnz, 2-S exposure;
Aneri can 317 LRE@molsall¢ hawke aOnojecutap veight eframtabeul 20Qigdmpk éx abewr75,4)0a
hydrogel on the surface of 18 the tissue. 19 Exanple 5: Polynerization of

| 0. 000- Da PEG Pol yner Precursor with Egtted 20 Li sht Between 400 and 600
nM 21 The tissue is contacted with 1 nMeosin Y in Hepes-buffered saline,
which is 22 allowed to adsorb to the tissue for 1 mnute. The eosin Y is
w t hdrawn, and the tissue 23 is rinsed twice with saline. The tissue is
then contacted with a 23% solution of the 24 precursor that al so contains
100 mM tri et hanol am ne and 0.15% N vi nyl pyrrolidone. 25 The tissue is then
externally illumnated with a 1-kWXe arc lanp that emts |ight 26 between
400 and 600 nm (Optoned, Austin, TX) at an irradiance of 35 mMWcm-. 27
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| R 2 a~ Y Zz 1 precursor, Nvinylpyrrolidone ( 1500 ppnm)

- triethanolamne (20 MM, and eosin Y 2 photoinitiator ( 10 pl)g MAY a2

bal anced saline solution. An external, hand-held Xenon 3 arc |ight source
(400 - 600 nm is used to irradiate the globe of the eye for 1 mnute, 4
The eyes are #mahi ReedereblynifcWl isya REGrmalefule havipg anmolegelnr weighb greatealtrans copy

5 at days,l ~injeetion for | ' r signs of ocul ar
toxicity. 26 %‘g{)q?f)rs{?%ﬁ g’t{gﬁg ogxglctﬂ ﬁ%lmé{e%q{’)lﬁl ggé;ﬁ%héﬁﬁg?%gé&g'yes are exam ned
for histoBogic eviRtefeesdly thé polymae puédirsor Nédnaytives | OIPEG éeaxbCichyin Sithone
chain PEG | 20,000 g/nmol) 9 At days 1 and 5 paost-injection of a pol yper
formul ati dn cdsaradrble fegionnandphetone! nerzablernd @erRSEDY! termmipats thedeeridaple

opacity or ot [ | 43 : '

vhe ol var 'y PEPRT o THE R AG bRLAG A &Y UGl ko e aath bY oy s
and the eyes kmena iortbe asy@dwhnay ¢ti ghtMarremolecdps/ (1998 26a:5B raBE, HilbWedt et0 13
v doci 11 ar vt 8 8o eds deadn o dlbrdo8D Dhaohriop i desibet deeeiy in
evident iR rablnipi@yes. injected 15 with di-N-hydroxy succinimdyl activated

glutarate-term nated PEG (Exanple 7). 16 There was no fibrinoid reaction in
the vitre8us cavi t4.prafeged padysnerochait compmsesrigetic7agid.oglyseliceaid et epsilon-he

rabbi 15 widr o PPE ab38 e ERmiable IhigTP CIERRGReR o itibS B g e o

created dd destyméewilbilcesasd fts bydrophebil cordtbst. Jhe palyEnerty eydeophisbizecbnednt.l and
7 days 21 after injection ymer  fof rruﬁ%gt | on cont ai ning 23% short

f
chai n PEG¥ 4, Bgdene y%nsﬁmﬁgﬁﬁ%ﬁ@ﬁ%ﬂe&ﬁ&e? FHB e 7 pHedaaticoalignsiycolisyer e
| ntraoculgr |G ORI ANaRbilaRid Lo IFER IS Mkl 0! RfiAY e rihglddihingous

pupill ary nmenbra scur the pupi| 24 of one eye andlno Vi ew 0
f undus wad pamdyrbérzatinn of thiartide, dalactitiee glycolitle, Bixepsilne cahrolastons &i ayextent

Bi ocommat,bi | ity of .Aut gchepni I e, i ve. P r Forgqul atj ons 27
ut o Barided ST o5 o3 bt abePCRl prEierly S5n 1% S T SR8 o 26
i nj ectionexyl taagagngadhdi@isad&mse&ut sligoheft 6all] NigopBebliy&idVr BIBbepsilon-
precursors are 29 mxed in a balanced saline solution and |OOpl is injected
i ntravit ridal 16apIRde ngpich 27Ahdo rgdRigls sensalied omiag theyyeactioni poshiomey: Athgel s
allowed t@ f i 2 ,WO Xl s.and S
for si gnsﬁof Oéérﬁ?é’g%ag Pg’r%f?% arf%acgf%’% pﬁg%eg%g%gg{o ’i ‘gfgt | oﬁﬁgf‘%bhgﬁ%gﬁ‘ljnacr

medi a. Thi® r adeid, gbycalie asidooriepsiteedcaproic agid homogolyirer.3 eyes are exani ned for
hi st ol ogi

Tl 00 R o e oAb LBALATRL 08,80 LKL S b e beST © ©

D - N- hvdroxvsdegérditddth Bkhmplel 4 batgsbiak Wi itradvirdailpigch f¥iamer formulation,
22  photopolymerizing the polymer precursor, and observing the animal clinically or
23 histologically for signs of intraocular inflammation or toxicity.
24 The polymer precursors can be photopolymerized to form cross-linked
25  networks directly upon the retinal surface. In addition to the polymer precursors, the
26  biodegradable polymer formulation can also comprise reagents to facilitate the
27  photopolymerization process, such as at least one photoinitiator, and one or more co-
28  catalysts, such as, for example, N-vinylpyrrolidone and triethanolamine. Preferably a
29  nontoxic photoinitiator such as eosin Y photoiniator is used. Other initiators include
30  2,2-dimethoxy-2-phenylacetophenone and ethyl eosin. The polymerization process
31  can be catalyzed by light in a variety of ways, including UV polymerization with a
32  low intensity lamp emitting at about 365 nM, visible laser polymerization with an
33  argon ion laser emitting at about 514 nM, visible illumination from a conventional

34  endoilluminator used in vitreous surgery, and most preferably by illuminating with a
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© PEG tetra-am ne (nol ecul ar wei ght 20,000 g/ nol) and di-Nhydroxysucci ni m dyl
- activated glutarate-term nated PEG (nol ecul ar wei ght 3, SO0 g{qm)l wer e
m xed to yield a polynmer formul ation containing 11. S% of ea aﬁéﬂl’y?\‘m
precursor_and injected intravitreally. At days 1 and st-injection)
severe i ntradRR li’iat $TRILS H&Wa%tiao‘ﬂa‘ffllﬁil‘géb%w?’bgsq oﬁ&gfﬁ‘f ﬁggbﬁsu Fofr eXam@ie 2ner e
evi dent. sThe i S SC 3 i f pe_qﬁﬁ . The
rabbits V\2BI’ elgsy;gr)ik? }M(:Eeﬁﬁ@h gg@g&g%daﬁﬁe@ g‘;//gerggbvc\)g?g lgruo%ggbzigggﬁﬁ‘eor %’g%ﬁ?
m croscopy. Banl30egemdshSumed tivnhdae deriendtbd ot piotopdllymeritationrcan ibe mwamfedt he
uveal tract and,vitreous cavity. 1926 | ridoci I{ i arci‘/ g_reqcesses. ﬁere
haemmor ha‘f;i c Odhin dHestetantast Witlhsslisednds HSHGs-at indeed sqptiaromaterials have: bsspe
€0si nophi § i ¢ sRALWAAILPRANK FOC e IndpsuIANSE 'O CFanchealiB! KRE ckilP dnAOfA the
reaction was visiblé in the vitreous cavity. A subretinal inflamrmatory
process was @uivdatinn ofiiostkoparativepddbesions farmption (HillbWeytasabhGhsret @oeyok’3:t hat
ext ended j,ntg :t&etlg%gr eous cavity. The inflammatory processes al so extended
into the ant ?I orr chanber. Di - N hvdroxvsucci ni m dvl activated
succi nat eg t er m nap@@riabiCelPEhet Ridstormatios of Tt @elyindr fosh@htion? tht®QA0zeiKke! )
and di - Nnydroxysuccj ni m dyl activated succi nate-term nated PEG (nol ecul ar
\f'e's og/ ht f 3, Ogcazhn‘i?f) beyarlicygds by qt&zwﬁpwza;g%!%@ﬁ r_f%yrmnuéﬁmwt@am ér-lm'ngdl .
. S% o c 2 [ : an
post- i nj 0t 1 SHERERY 1RERR bEQeP Ul B B kel bE g oYor fors iy S
evi dent . 1The reaabie palymer presarcorsftb cestltdn adayssdinked polymee ynesvoskr Bsuatlpcthesed

for light.mcroscopy. The rabbit, eyes.showed no histol ogjc evidence of
ntraccular PRVRATRITEALSH COBRFSES § Cph oy IR §ith A 60t PO SHRRed
none of ihe ihichABIRROSNM RCERSTE ol fierBREurkSrs R hut@MBSreh&tiveCPRErbIY
glutarate-term nated PEG as described above. There was no fibrinoid

reacti onlén theefigst tand cigsonshpplymer Tiiequesons gren praserft ianaheub equiprodas easounis. dent

inthe retin Wn ot itre cavi.ty. [Exanpl e 8: sessing. Adher ent
proper t1 58 ot Pise it Fasb o 745 Py palpal Bty Rorn RRER RO G-ER GO «
Rabbits age gracarsofePreferdbl ARt psigmar phetirserd ar: PHG based poliindr prétusets. on of
xyl azi ne_and ket ani ne. Tt?g% are then pre-treated with 3 cryotherapy behind
the nasal’and t enptatie | firghpelymer pracwssrs JBEluds PreEigsofudnddr I aampls,

visual i zggi oRybufhR, n;}}ﬁf‘ch% dedived frofs iif écgﬁEéti\ﬁ H868 r BdRe, subR a@%bl’f%cﬁ or
undergo 5 vitrecto and lensectony. Endodiatherny is then used to create
an appr oxP matgelatingothi¢rsitbrdisiprotedns anst otherl latgeqaktejnsstetraapune BEG, copohemers

medul | ar¥ Wi ng. F;g]ganch sal.,ne.7 solution is i n(j ?ct.ed into the subretinal
space usFlg &7 BBVHRIYLIPARRLIARS SoRPIURg AN, a0 CIAIniRg CoIRIROMET AR e nt |
Fl ui d- gag1 exehaloghid scid,hheriRlfsatdiaddesiand biter heiriesa Preferdblyl tht tetfaetnindhe
polymer forrrtulation is applied over the retinal break using a 30 gauge 10
cannul a. 23he BEGRasqgnelecdaweight ofrat krasrboyt 3.08@ eimed npreferalily moss han gk 2

I nst rumenks) [ n e ' ' ' f i N : usi ng
a thin, t"?ans%dakt)roeg/trﬁqg B%@y?r‘eoﬁ?zﬂéd&gag'ﬁﬁor%@%moa\%y{ tql(ﬂ)’é)@pe F%Hé’l Qregél . The
eyes ar e2#herprefefablyl ab teasti about 20,000 gilmoed sal i ne solution. Attenpts are nmade

to displ th | .with the fib tic 14 iJluninat i d th
Coannut o 395 Shor ¢ Suitible Seset pelyas precuruaf Bt i dievios e ieRap.atmasiNia: oot
4000 9/ Mk, GanctibB3fizbd PECNGREH sAdifiRitliondiyVactivhied Tols STPRG.( SémeActritihg and

triethanolamine (20 m\V) 18 precursors were mxed with an eosin Y
phot oi ni £7at @oyps 1IDclyly canyly Eppinsedldshpdest rocyanatest isqiioqyanaiks, spadnges.ymer

r emai ned ,gdher the hgl e and rraundi ting. . .S

possi bl gaz? 0 pcrag)_rcab%%gfra%g?@ei’ ﬁZCpE?%ﬁe@%ng%} §°§F‘Ss°3| PLFIQ(? cl)%aﬂ%edgl}ﬁ a}aesx,lOtZl
pol yreri 20 i tlimnitddnioy PEGOdissub¢igintidylogidtatne (SQPEGH) PEGNi-@etinidvidy] (SRBEGR! e
that resists 22 mechanical _displ acenent. Assessi ng Rat e of

; > 23 Exanple 9: As;
Degr adat i38n JtE(PEi-sussinimidyl syrcimamidnSSrPE)o r?E{’l'fp dipyuesiaipidy bsarbrnste Gi-c

hydr ogel s{on I A3rd L PeC i t J

avai bl &1 o G o R P B R R BT M, e
hydr ogel 3@r eqglycsdyl edred (ERES)i(D.3. Patdny oo § 6l 4,58 ) andfdtheyrepsxyederevafiZedcBIHG
readily observed i he eye non-invasjvely t he .type of

f1uor escgﬁce B e?}}?ﬁnill) %5‘6’88&“&’6%@?’%&%@ %&g%yﬁﬁlw%€m§so?Eﬁumn
patients 3gi Vef-igdhibtyaahescehmd Ehahtigen DutminiBanaied prablid S jar & gigven
general anesthesia with an 30 intranuscul ar injection of xylazine and

ket am ne. The right eyes are treated th 31 cryot herapy behind the nasal
and tenporal linbus in the ora serrata regi on under 32 direct

vi sual i zati on. Two weeks later, the animls are again given general

anest hesi a 21. 2 8 MAY 2102 1 234567 89 10 11 12 13 14 15 16 17 18
19 20 21 22 23 24 26 27 28 29 30 31 32 with an intramuscul ar injection of
xyl azi ne and ketam ne. Lensectony and vitrectony are perforned on the right
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GROUP 3: Auto-chem cally reactive polyner Al rabbits undergo vitrectony,

- I ensectony, creation of a retinal break and detachnent as @e¥ MAY LR above.
Fl ui d-gas exchange is then perforned and | aser photocoagul ati on applied
around the reti h 0. magy i on eagh.group of, rapbits one
of the hgdr oh?gr@'cs#érgrgﬁgl |))cl)ﬁgt?%£?1édpi ngo?{obg)?gft ed(fﬁ(g)dr escgnce pol frrer&}'g[gads

( Pol ysci @nceagdrdxysuaejrémidydl PEGer Odved swutablndifidzaonadtyi avaivated dermsusfi FEG aa30

gauge cannula. |Ln . the case of photochemi cal hydrogels, the fiberqgptic
endoi | | udi ndtor® %“%SJEP“E other ﬁﬁa@a@&rt ﬁl@%’rﬁ‘%ﬁ uaétagocgr (iee_m fit éxa_t"H’q orths an
adher ent 496'%5%/&{0?@1@91} he ngtilael: hol ecidie evep arendif | | edyaphiteh balpnced

sal ine solution, Sclerdtom es and conjunctiva are closed, and a
subconj uict i httpl//vwjvesstpiolymess.cereht anycin i s gi ven. On post-operative days 1,

3) 7, 14, 21, 28 th bi it ined by fl i.oni
U deter fi ne whodHEETSA RyRERer SR FeoRUnBY BRer it PER Rattetbaiesen.
chori or et7i nadmiad IPFE and BRY-N-Bf@okBubénBnidPEREGE Q2) £ &&h-4mxb THG ahd gt h,

pol ymer formul ations shoul d ideal remai n adherent to the retina for at
| east thibs aswecinimiy! tcarmengiat PRGY (r eolagsn, aelasioksor Ahumzini aad sa adieN-

sacrificed X r am hi.st.ol,agi,cal l.v, Exanpl e

70 shor o ap afarerecbrin T BEcy Gy PYBed BeBERTREARBHT R APUE R i

Zeal and \bhi teartidablei REGaar @) oeier geistlalaurbRahibasy seadiitdpipmien biiasTUMpdl ar

i njection of xylazine and ket antj ne. To prevent intraoperative bl eedi rég t he
ani mal s Jdr o RIPE 0T BAImEEOdH Gt e JAVTHER at Hieciogebingijoscafj pistrgramino PE

Pent obari t T e AR hen: 4 y afeel ¥ il i€ : :

ensect oy, EAdoa ARy Suc ARG TPEG, oI o N APEIDs ik A PR FEG is
di anet erl3r etmixatl witheadi-gmis¢ PEGp e highr mplculaewaighupdlamyr wisuiey, baloancemdssal i ne

solution s injected into the subretipal,space.usi.ng a 2'' 8 MAY 2002 1
30 gaugd o antied Togfoerbafievavers dor S aiRruRiEcitin A Aufped MR ds fided
exchangesi s {ien tetraPehih® PEEC : cAfde-linked hpdrbiid nefvdrk & foefied libkrtiag 8nlyalpbi t
bal anced saline solution is then 3 injected over the retinal break, which
causes af ochdreguacinaianas a thecuRihpioduct. | N-hydeoxysurcipeigels wasgstiolubleaand of

phot oreagGti v, o] mul g IS Pl . hn br usi ng
520 gate camhul ot st b PhsRRalS BE P RNy sleo i) "Brg B B
Vitrector8 6 dogttdnationnsfthuaetrsrniiso tPEG iss eddit¥-Hydraxgtsut €ninfidy Imaxdivated for 1

m nute, causing a thin, 7t sparent, polynerized, gel, to form over the
retinal ‘E?r eaﬁ%‘FgB%l‘Fé‘ffEBEF‘%dal 5% ‘sol ﬁ?il‘g' yd Xg-ﬁura%ﬁm%ﬁﬂecﬁgafa er Blipagate-
pol ymer -gov ek geinhRY IFERY ine@@Fref&ré%E&éih?& el @sedGn RERIFAABLYWRY & tetra-
(ol ecul ar wei ght 8,000 g/nol') containing ~ % | actide was 11 applied to a

retinal Mr eakmiop RE@dcans produey pbddr iftarematives piThese bydregels canjdseraderbyof 3

12 cc of,,sal ine sol utiaqn,thr h.a, 20 gauge cannul t he reti.na reppined
at t achedt? 13 PERARRIE hyRtoiysl B g, afPvR e gat ghe el ifh, G

Ret i nal Br eadegialie hvighih the proteidbheltboRedd @dbro’ibidriaiaing .V avitg @ele fafmed
anesthesia with an_15 intranuscul ar injection of xylazine and ketam ne. The
ri ght eydds alfemta BECpnigining fostceqrapansphpyd Bl Geontaining §e00na feMPER§tr al

i mbus i4x t he .ot.a Ser L n dj A | 1zati ;T ks
ater, 1he aent EREE afdl AN ARl ot RUE JRBRRRC M0

i nt ramusttul asligonpelohicaprof aciy | domaie, fordedasipberi 1Gels femsdcfromy prateth-bésed,
vitrectao are .performed on the rjght eyes. A bent 30 gauyge peedl e qr

Vi treot b7 i chopylEheRty e abassacr it baned pRt ooy 2 apcitedh afitre e
retinal 4y eak Hafic HREAdeObf the bofg. 21 medul lary wing. Bal anced saline
solution is injected into the subretinal space using a 22 30 gauge cannul a
to creat? a | ocal Boedmpaibilityl ofdedrioeis meadtive Folyrdery precersoh paigfe cars eashignbe2 3
per f or e and the retina s |attened. .For exanple, the rabhits are

i vi ded tht orsiessal a5 Gopabegris ExpRils { BY dmering figpy aianEed § A e

out l'i ned;jpel gfhe 2RentBREABY the PO/ R&H pre&Irsdr e AR bbgRyi arimal viually or

oligolactic acid photochem cally reactive pol ynmer 27 P 3: 10%

ol i gol aci3 ¢ histotbgitally destsigris ©& intiaoeelatiniflamnpaioy oe toxXtyGROUP 4:

Aut ochemically reactiy olynmer 29 bhits..n 0 1 receive n I r
treat rrenff Rabbi t §" ne"§°ﬁ‘gu° s "FORPYURG eclgtlovéheo [o‘furgfenecaﬂygf og% b8 8y
f or mul at 3o nsmanijpetieg varirl parachetdrd,sich kithelpd! bfihk rédcdalk salitions iitotha ra gauge

cannula. In the case of photochem cal hydrogels, the fiberoptic 23.
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. 2 8 MAY 2002 1 endo-illuninator is used to irradiate the mxture for 1
- mnute to forman adherent gel 2 overlying the retinal hole. oNexay e eyes
are filled with saline through the infusion 3 port until the retinas of all

trol rabbi detach, which t |l ft f
cont i nuoub T A e Bt Pokame: petursatab iF secosd pAPGIGPredt oDy yPEREEE” °
retinal Dbgeale gl gnRSAHVEN h?&rokf’s@&‘irﬁﬁhm ME@fard fEbd BlddD Bonet HEEUALES

infused wth 6 saline for 5 mnutes. Since the goal is to assess the
ability o3 the $gparate)el-sconstitatttl mmediatelyshefore| uss én physiplogisal salinglat nkh8er
photocoagla onls not, per.for es ar.e 8 .fj wth bala

o e aobuc many sesmipes Byl AR G sRbteratge B cbpuctb¥iahe i Spisa
subconj unsti yvalo bR iadiduAls dRatRPIkeRor, preferadly. eddimolat alGivoratiiatnahén W th
slit lanp 10 and indirect ophthal noscopy, i s perfornmed on post-operative
days 1, 36 7begins ipmmediawly pftepsnixing; dueftionqentp gh¢ meinadist piefsrbly performed
spont aneoys . e a t. 0 Mg is
not ed. Atl7I fgﬂrt%{%bl ,?I;hteaﬁgﬁg clrsl IErg(Z anryai et%'gyg%“rges %{gl %xam rfg%'

hi st ol ogi aal IA,ttei'mtwaryyaeymmnmdm oo bmdls:i:anyoeoﬁscthtqncmedme eccuisiortthanipl e
12: d osuge of 61 Ret.i nal Hfa {l'-ﬁ Patient with 2 15 Phot}&o ctive
Pol ymer F mef & eaxnngelgmp\ecﬁatp}ye ¢fot5 e PYYDRE PERGEION SOIPHPRS BFSS JRIOHER Rent
requiringovi thegqe ewammhc hTHe/tirAe bEfVebR @he ﬂﬁlﬂﬁ»hW%xiﬂgtéﬂdﬁﬁﬁ&ﬂlcfrﬁ%%ﬁé!@r
vitreoretinopathy or a detachment with a 18 posterior retinal break

under goedlvi tiessdhamgbourBlisetogds Ehisicamde aghievedsbyposidondng 2 39gagge canslaxenon

gas is forned.to flatten the retina. La plied aro e. hole 20
oas 1>, P51 AP .80 DA Soh bl Oy KAIES A3eAPlY £t gua0 INElil o
| ong chailB 21po§lﬁ€zrdiva:oﬂhylbﬁdae haptoemuduegth\eebgtlpbn&:@oo g/ mol ) contai ni ng
about 5% acti N-vinyl 22 pyrrolidone ( and tri et hanol am ne

(~ nM alé nixed vt"qwrr%npteyégoﬁhmge HABSIHPM| thleﬁlw:oreolxmm ofngolyfseniens t o
the retiRagl h EleflldSH t

Pol yrer i ggtl ?ﬂ%fo?c? h%ﬁgggg& a%rl%rp prﬁ%tB@Eh%Sélgio‘cbénﬁJ OP ll;'lgSFei rr adl atl on
with eitHér tRherohickBt, cpnibe U&GTUIOI ﬂot'rurpohanazrrsohmoas tlenere laquid bt 413 butogaicat vi a
a 26 transpupj-L)ary route.. Th ol rizt| eac 0: & lts in.a thin,
t r anspar gzt Sslgltob #ﬁmf %ct%@ggg gniﬁ%t Fﬁgl tét f‘%ﬁiﬁ%ﬁ’g AN ¢ o
the retingl Sdh&§166@}emTéhﬂyQ:‘z‘@ssll§1k2@pBlgHe?(ierrh oa thak@m%f&ﬁé thb%eS@tHéﬂ on.
Over a 2-12 week period, preferabl 3 weeks, 29 the adherent pol yne

bi odegradas thermaseyersible hxmmmtlbhablotﬁgé@d@blesp@mgedarsyu@@o Ehbprmés,r nal
adhesi on., er [ 9l 3

Gosure & o oM EEH 199 388 380482, Rkt hdsEited Hopd et BBk R

Pol ymer Rdr thcatcr m:md ﬂﬂu dtsp&y{amlﬂomﬂxd]:toésopﬁit gedmtonwrankitiohegiSnelt oppearialss
retinal tachnmen qui ring vitrectom, ,sych as retinal. deta
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2 8 MAY 2002 The invention now being fully described, it will be apparent

to one of ordinary 2 skill in the art that many changes and n%gf%a%‘hgns
can be nmade thereto without 3 departing fromthe spirit or sc

appended clains. 4 5 27 2 8 MAY 2u02 Clains_1. A nethod for _closing a
retinal brleakwhen Brotginfanes ausi OnbaencspsklatetyrFuthsrmansy e spiidofrem aBIres ound

e s 79, hglrtpafi, U JOh MRS (SR BB 0 Abphast o7
precur sor 3anckhe riavesftion ninmglve ftee syhthess of or thermbsawsitivat biodegredabls hydmgelt . 2.
A TeLhod {or SLRSLin 8 kil Break in 2 Rl el Ch IELLed oLl oS
formul ati on cQIAY | AdRBuSbolLBHRR lof WRe POIYYIER hrédufoly S®ibit RRthettdBtAdeRng t he
pol ymer formulation into a gel-like coat by photopol yneri zati on,
aut opol yndr i zisvérsible gal-splyansisionheRy Csol” isansanta palymiep pregirsehsolysisingwisich is
Precursor-s more liquid than solid. By “gel” is meant a polymer solution which is more solid than
8 liquid. The hydrogel can be loaded in an aqueous phase at an elevated temperature
9  (around 45 degrees C), where they form a sol. In this form, the polymer is injectable.
10 On subcutaneous injection and subsequent rapid cooling to body temperature, the
11 loaded copolymer forms a gel.
12 The polymer formulations described above are applied in a manner consistent
13 with the surgical procedure as a whole. Typically, the subretinal fluid is drained with
14  fluid/gas exchange in order to flatten the retina. Laser photocoagulation or
15 cryotherapy can then be performed around the break. The polymer formulation is
16  then applied to the retinal surface as described above. Polymerization is effected as
17  discussed above. Usually at least about 1 second to five minutes or longer is allowed
18  to pass to ensure complete polymerization has occurred, and preferably the delay is
19  less than 30 seconds. The gas is then removed and replaced with a balanced saline
20  solution. |
21 Another aspect of the invention is a method for management of retinal
22 detachment in an animal. comprising applying a non-toxic, biodegradable polymer
23 formulation to the retinal surface of the animal over and around the retinal break, and
24  transforming the polymer formulation into a gel-like coat. As discussed above,
25  closure of the retinal break prevents fluid from leaking into the potential space
26  between the retina and the retina pigment epithelium. If desired, chorioretinal
27 adhesions can be created, preferably by laser photocoagulation before or after
28  application of the biodegradable polymer. A “chorioretinal adhesion” is an adhesion
29  between the retina and underlying retinal pigment epithelium and choroid.
30 Yet another aspect of the invention is a method for the prevention of
31  proliferative vitreoretinopathy (PVR), comprising applying a non-toxic,
32 biodegradable polymer formulation more extensively to the retinal surface of an

33  animal in need thereof than otherwise applied to close a retinal break. Preferably the

34 polymer formulation is applied to at least about 25% of the retinal surface

13.



-+ 1s 3. The nethod of Claiml1l or Caim?2, wherein the polyner fornulation

. conprises a polyner precursor of the fornula: PmDn_W_DP_Pq \ghﬁx\ei ﬁZWi s a
wat er -sol ubl e polynmer; D is a degradable noiety; Pis a phot% 0 ym,z zabl e

noiety, mand q are integers from1 to about 10; o is an 20 integer from1l

t o about W0Osuremuidingethel rgginal brealntpreferably tcomo® than abaut50¥pand dpplitatéonsso hod

et hod ofZ o ofs Ran, oL 3% B thel Tuinel, SR o e SRy Pl SR e mose T
pol ymer i zabl grefé@tedl Niin azﬁefer%d&rﬁ%\ﬂix%@&?_aﬁtoyz%diﬁblﬁ@%dg}mg PreburdorsVer €i n

the reactive termni are acrylate termni. The net hod of C aim 4,

wher ei n the ppdieddenth sstinalsutfarecascdeseribedbonavinrpotherprefensdaemindimant, of at
| east aboyt ﬁ%lgfg%%r ﬁ%g%lég&ﬁgégolsuﬁﬁﬁ c%ﬁIaﬂﬁS%ﬁ 1%?'8% hoz‘éfﬁﬁﬁ%ﬁ i el o the

conprises a C aving a ecul ar | east about

20, 000 g/ 6wl retinal Sirfaceratdund tiod re€ihali rolel, Polyategizatidnnie thinCeffirssicbypayydtethe
precursor_further '

conpr,i ges degradable regiops., 1 The nmethod.of Claim9,
wherein the deHicdaddss bﬁag%%sﬁgg%swﬁ? it%ferqt»nahB%fe%u?“w. ayE%St%eragHaé withog
ol i gol actgc | =V ! N |
phot oi ni t? at gghg?\%eglga%gggs%ﬂgﬁ ogg-p?gttogt%???%%?{cﬁegan iirrlécl u ét?\lcoat the
vi nyl pyr r®l i safeseafdhe rétimah Hxcessrphotoinitistor ThdramnetHfoem dhe €yeai NeB, polyereei n

;L‘ied_PEG D5 e RAY MBI uR LAY 38 ot chiiEin SRIRARES 1838 led o B HnRnAE b
11  the retinal surface and polymerization is again effected. The polymerization reaction
12 results in a thin, transparent gel where the polymer precursor contacts the
13 photoinitiator, but not in areas free of photoiniator. This resuits the formation of a gel
14 only on the surface of the retina. The eye is once again filled with fluid.
15 Unpolymerized precursors are then irrigated from the eye. The adherent polymer
16  biodegrades over a 2-10 week period. The polymerized gel overlying the retina both
17  closes the retinal break and prevents adherence of scar tissue that could cause
18  proliferative vitreoretinopathy and recurrent retinal detachment. Another embodiment
19  omits the initial step of applying a polymer precursor solution containing

20  photoinitiator directly to the hole.

21 A further aspect of the invention is the use of at least one non-toxic,
22 biodegradable polymer precursor for the preparation of a pharmaceutical composition
23 for closing a retinal break in a mammal. Suitable polymer precursors and other
24  components of the pharmaceutical composition are discussed in detail above in the
25  sections describing the components of suitable polymer formulations. Additional
26 components can include any other reagents that catalyze polymerization of the
27 polymer precursor, pharmaceutically suitable delivery vehicles for ocular
28  administration, such as for delivery to the interior of the eve, and any other

29  pharmaceutically acceptable additives.

30 The invention also provides articles of manufacture for use in closing a retinal

31  break in a mammal with a non-toxic biodegradable polymer. In one embodiment, the

14.



12. The nethod of d ai m 8, wherein the PEG based pol yner precursor is
. further conprises about 10%oligolactic acid. 13. A nmethod for closing a
retinal break in mammal, which method conprises: applying »BeMAai@r ound

the retinal

break a non-toxic polynmer fornulation conprising at |east

one

pol ymer pt ecuangtey of mesufadrarendontpriskea fiodt \oormainzo chmprsihgipolymert meauwrgelofl i ke
coat, and apgl%'oa% at | east one photoinitiator to the retinal surface.
The net ho%i 0 h

’ﬁlla'iLS, wherein the photoinitiator is an eosin Y

n

photoinitiator. 29 ,2 8 wY ~z 15. The nethod of C aim 13, wherein.t
formul atign further conprises at Ieg;f,.tpnmveo_gg;pqat alyst. 16. The net hod
Caiml, Caim2 or Caim13, wherein the transformation is by

aut opol yneri zati on of the polymer precursor. s 17. A nethod for closin
retinal bt eakvhereinn Warifra?  Wolgi-stiublet pPRIYmesmB} i 15 o3 degipsdablengnaiesr fand ar ound

the reti ngl

pol ymer prtecdrso

BR&3 olgwgfl%t}l?gifoger%%ya%ﬁ q 485 y%%% iﬁ?ﬂx ?‘??g%&ﬁil'bgo% af §8der

transtorning the po ormulafion’into a g

coat, wheéei frotrhk tpaiopndf0;fand mand tpi apa irttegecofrpmi (steabautf 120s tThadirytroeatainer
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p_recursorg b&RhGP ¥4 acle fene otepitiatos apd §ap lse) Aptienaly Copaingt
first pol grmeneapr gfélcdRatalyit. 2aMWARIeNe first container does contain a photoinitiator in
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addition to the polymer precursor, the article of manufacture can optionally contain a
second container comprising polymer precursor but no photoinitiator. The article of
manufacture can optionally contain a third container comprising a photoinitiator
solution but no polymer precursor. An article of manufacture comprising all three
containers or just the second and third containers are useful for preventing PVR as
described above. An article of manufacture comprising the first container only is
sufficient for closing retinal breaks. The article of manufacture preferably further
comprises instructions for use according to the methods described above involving
photopolymerization.

In another embodiment, the article of manufacture comprises a first container
comprising a first polymer precursor and a second container comprising a second
polymer precursor, the first and second polymer precursors being mutually reactive.
The first and second polymer precursors can be present in the container in admixture
with a pharmaceutically suitable vehicle for delivery to the interior of the eye.
Alternatively, any such vehicle can be added separately, if necessary, for example, to
reconstitute the polymers. Suitable first and second polymer precursors are any of
those polymer precursor pairs discussed above that can autopolymerize. Preferably
the first polymer precursor is albumin, collagen or gelatin, and the second polymer
precursor is a terminally-functionalized poly(ethylene glycol) (PEG). Typically, the
first and second containers are separate syringes or are separate barrels of a single

syringe having static mixture device at the tip of the syringe, and can also be vials or

14.
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other cylindrical containers, such as, for example a segment of tubing. The article of

manufacture can further comprise printed instructions for a method for closing a

retinal break by combining the first and second polymer precursors immediately

15.



19. The nmethod of C aim 18, wherein the amne is a tetra-am no pol yethyl ene
glycol) (PEG. is 20. The nethod of Caim17, wherein the fiiitwlzwfe
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EXAMPLES

Example 1: Svnthesis of 6 kD PEG Polvmer Precursor

A PEG-co-poly(a-hydroxy acid) copolymer is synthesized. A total of 30 g of
dry PEG 6K, 3.60 g of dl-lactide (5 mol di-lactide/mol of PEG), and 15 mg of
stannous octanoate are charged into a 100-mL round-bottomed flask under a nitrogen
atmosphere. The reaction mixture is stirred under vacuum at 200°C for 4 h and at
160°C for 2 h and is subsequently cooled to room temperature. The resulting
copolymer is dissoved in dichloromethane, precipitated in anhydrous ether, filtered,
and dried. The o- and w-hydroxyl end groups of PEGs with various molecular
weights are used as ring-opening reagents to initiate the polymerization of either dl-

lactide or glycolide to similarly form several other copolymers.

The copolymers are end-capped with acrylate groups to form a polymerizable
polymer precursor. A total of 30 g of the intermediate copolymer is dissolved in 300
mL of dichloromethane in a 500-mL round-bottomed flask and is cooled to 0°C in an
ice bath. A total of 1.31 mL of triethylamine and 1.58 mL of acryloyl chloride are
added to the flask, and the reaction mixture is sitrred for 12 h at 0°C and 12 h at room
temperature, The reaction mixture is filtered to remove triethanolamine
hydrochloride, and the polymer precursor is obtained by pouring the filtrate in a large
excess of dry diethyl ether. It is further purified by dissolution and reprecipitation
once using dichloromethane and hexane, respectively. Finally, it is dried at 70°C

under vacuum for 1 day.

16.
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formulation into a gel-like coat. is 31. The nethod of C 3 g M&. [jayrther
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S

13 to the mixture while bubbling argon through the solution. The mixture is then
14 refluxed under argon for 24 hours. Triethylamine hydrochloride precipitate is
15 removed by filtration. The macromolecular precursor is precipitated with hexane,

16  filtered, washed, and dried. The precursor is stored at 0°C under argon until use.

17 Example 3: Synthesis of PEG Diacrvlates of Various Molecular Weights.
18 PEG diacrylates of various molecular weights are synthesized as described in

19 Cruise et al., Biomaterials 19:1287-1294 (1998). All solvents used in the synthesis
20  arereagent grade or better and the reactants are used as received.

21 Fifty grams of PEG diol (Union Carbide) with a molecular weight of either
22 1350 (2K), 3350 (4K), 8000 (8K) or 20,000 (20K) were dissolved in 750 ml of
23 benzene (Fisher) and water was removed by azeotropically distilling 250 ml of
24  benzene. Triethylamine (Aldrich), in four fold molar excess based on PEG diol end
25 groups, is added to the PEG solution at room temperature. Acryloyl chloride
26  (Aldrich), in four fold molar excess based on PEG diol end groups, is added dropwise
27  to the PEG solution to form acrylate diesters of PEG. The mixture is stirred overnight
28  at35°C under argon. The insoluble triethylamine salts formed during the reaction are
29  removed by filtration and the PEG diacrylate product is precipitated by the addition of
30 1.4 liters of diethyl ether (Fisher) chilled to 4°C. The PEG diacrylate precipitate is
31  collected on a fritted funnel, redissolved in 100 m! of benzene, and reprecipitated with
32 1.4 liters of chilled diethy! ether twice more. The polymer is dried 24 h in a vacuum

33 ovenat33°C.

17.



thé first solution lacks a photoinitiator. 39. The nethod of C aim 35,
further conprising creating at |east one is chorioretinal Zdhdsoar ound
the retinal break. 40. The method of Claim 38, further conprising, prior to
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Example 4: e Laser Pol merlzatlon of 10 030-Da PEG Polvmer Precursor

11 The tissue is incubated in | mM eosin Y (Sigma), a nontoxic photoinitiator, in

12 Hepes-buffered saline (10 mM, pH 7.4) for 1 minute to adsorb the photoinitiator onto
13 the surface of the tissue. The tissue is then rinsed twice in Hepes-buffered saline and
14  infused with a 23% solution of the macromolecular precursor that also contains 100
15 mM triethanolamine (Aldrich) and 0.15% N-vinylpyrrolidone (Aldrich). The tissue is
16 illuminated using an argon ion laser (514 nm, 70 mW/em? , 2-5 exposure; American
17  Laser, Salt Lake City) to convert the liquid precursor to a hydrogel on the surface of
18  the tissue.

19 Example 5;: Polvmerization of 10.000-Da PEG Polvmer Precursor with Emitted
20 Light Between 400 and 600 nM

21 The tissue is contacted with 1 mM eosin Y in Hepes-buffered saline, which is
22  allowed to adsorb to the tissue for 1 minute. The eosin Y is withdrawn, and the tissue
23  is rinsed twice with saline. The tissue is then contacted with a 23% solution of the
24  precursor that also contains 100 mM triethanolamine and 0.15% N-vinylpyrrolidone.
25  The tissue is then externally illuminated with a 1-kW Xe arc lamp that emits light
26  between 400 and 600 nm (Optomed, Austin, TX) at an irradiance of 35 mW/cm?,

27  Illumination times are between 2 and 15 s.

28 Example 6: Assessing Biocompatibility of Photochemically Reactive Polymer

29  Formulations
30 Dutch Banded Rabbits are given general anesthesia with an intramuscular
31  injection of xylazine and ketamine. Two Dutch Rabbits eyes are injected

32  intravitreally with 100ul of a mixtre of a photochemically reactive polymer

18.



based pol ynmer precursor of the formula: PmDn_W_Dp_Pqg Wierein Wis a |ong
chai n PEG having a nol ecul ar weight of at least 8,000 is g/ n?I ;@Bfi S a
degradabl e noiety; P is a photopol ynerizable noiety: mand q & r?fIBgers
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cont ent S4 of fgﬁr&&gond container. .draining the eye, and filling the eye

with the' cofl ?“Pﬂaémp'f“}’cg}or(:t8’ﬁlf"§¥'ner, wherein the first s container
does not contain a photoinitiator. 47. An article of manufacture for the
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11  evident and the fundus was clearly visible in both eyes. The rabbits were sacrificed

12 on day 5 and the eyes were processed for light microscopy. The animals showed no

13 histologic evidence of intraocular inflammation or toxicity. The iridocilliary

14  processes showed none of the inflammatory processes evident in rabbit eyes injected

15 with di-N-hydroxy succinimidyl activated glutarate-terminated PEG (Example 7).

16  There was no fibrinoid reaction in the vitreous cavity. There was no inflammatory

17  process evident in the retina or in the vitreous cavity.

18 Short chain PEG (4.000 g/mol) _
19 Rabbits were treated as described above, except that a retinal break was

20  created as described below in Example 8. The animals were examined at 1 and 7 days
21  after injection of a polymer formulation containing 23% short chain PEG (4,000
22 g/mol) by penlight and indirect ophthalmoscopy. Severe intraocular inflammation
23 was evident in both treated eyes. A fibrinous pupillary membrane obscured the pupil

24  of one eye and no view of the fundus was possible in either treated eye.

25 Example 7:  Assessing Biocompatibility of Autochemically Reactive Polymer

26  Formulations

27 Dutch Banded Rabbits are given general anesthesia with an intramuscular
28 injection xylazine and ketamine. Auto-chemically reactive polymer precursors are
29 mixed in a balanced saline solution and 100ul is injected intravitreally using a 27

30 gauge needle on a tuberculin syringe. A gel is allowed to form.

19.
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3,500 g/mol) were mixed to yield a polymer formulation containing 11.5% of each
polymer precursor and injected intravitreally. At days 1 and 5 post-injection, severe
intraocular inflammation and opacification of the ocular media were evident. The
pupil was obscured and no view of the fundus was possible. The rabbits were
sacrificed on day 5 and the eyes were processed for light microscopy. Both eyes
showed marked inflammatory cell infiltration of the uveal tract and vitreous cavity.
The iridocilliary processes were haemmorhagic and edematous. A marked
suppurative reaction with multiple eosinophilic polymorphonucleocytes was
observed. A marked fibrinoid reaction was visible in the vitreous cavity. A subretinal
inflammatory process was evident, with multiple eosinophilic polymorphonucleocytes
that extended into the vitreous cavity. The inflammatory processes also extended into

the anterior chamber.

Di-N-hvdroxvsuccinimidy! activated succinate-terminated PEG

PEG tetra-amine (molecular weight 20,000 g/mol) and di-N-
hydroxysuccinimidyl activated succinate-terminated PEG (molecular weight
3,500 g/mol) were mixed to yield a polymer formulation containing 11.5% of each
polymer precursor and injected intravitreally. At days 1 and 5 post-injection, no
media opacity or other signs of ocular toxicity were evident. The rabbits were
sacrificed on day 5 and the eyes were processed for light microscopy. The rabbit eyes
showed no histologic evidence of intraocular inflammation or toxicity. The
iridocilliary processes showed none of the inflammatory processes evident in rabbit
eyes injected with glutarate-terminated PEG as described above. There was no
fibrinoid reaction in the vitreous cavity. There was no inflammatory process evident

in the retina or in the vitreous cavity.

Example 8: Assessinog Adherent Properties of Polymer Implant

20
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14  illuminator tip and the 30 gauge cannula.

15 Short chain PEG '

16 Short chain PEG diacrylate (molecular weight 4000 g/mol, ca. 10%
17  concentration), N-vinylpyrrolidone (1500 ppm), and triethanolamine (20 mM)
18  precursors were mixed with an eosin Y photoinitiator (10 uM) and applied over the
19  retinal break. The polymer remained adherent to the hole and surrounding retina.
20  Thus, it is possible to precisely apply the polymer precursor solution under gas,
21  polymerize it with visible light, and form an adherent gel over the hole that resists

22  mechanical displacement.

23  Example 9: Assessing Rate of Degradation of Polvmer Implant

24 The duration of presence of non-toxic hydrogels on the retina is determined by
25 incorporating commercially available 1 uM diameter fluorescence polymer beads
26  (Polysciences) in the hydrogel precursor and thus in the hydrogel. This fluorescence
27  can readily be observed in the eye non-invasively by the same type of fluorescence
28  biomicroscopy commonly used to visualize the eyes of human patients given
29 fluorescein. Eighteen Dutch Banded rabbits are given general anesthesia with an
30 intramuscular injection of xylazine and ketamine. The right eyes are treated with
31  cryotherapy behind the nasal and temporal limbus in the ora serrata region under
32 direct visualization. Two weeks later, the animals are again given general anesthesia

21
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9 GROUP 2: 10% oligolactic acid photochemically reactive polymer

n

10 GROUP 3: Auto-chemically reactive polymer

11 All rabbits undergo vitrectomy, lensectomy, creation of a retinal break and
12 detachment as described above. Fluid-gas exchange is then performed and laser
13 photocoagulation applied around the retinal break in customary fashion. In each
14  group of rabbits one of the hydrogel formulations and incorporated fluorescence
15  polymer beads (Polysciences) is injected over and around the retinal break using a 30
16 gauge cannula. In the case of photochemical hydrogels, the fiberoptic endo-
17 illuminator is used to irradiate the mixture for | minute to form an adherent gel
18 overlying the retinal hole. The eyes are filled with balanced saline solution,
19  sclerotomies and conjunctiva are closed, and a subconjunctival injection of
20  gentamycin is given. On post-operative days 1. 3, 7, 14, 21, and 28 the rabbits are
21  examined by fluorescence biomicroscopy to determine whether polymer remains
22 adherent to the retina. Because a chorioretinal adhesion may take up to 2 weeks to
23 reach maximal strength, polymer formulations should ideally remain adherent to the
24  retina for at least this amount of time but not more than 4 weeks. The animals are

25  sacrificed after 28 days and the eyes are examined histologically.

26 Example 10: Short-term Retinal Break Closure with Polymer Formulation

27 Two New Zealand White Rabbits are given general anesthesia with an

28  intramuscular injection of xylazine and ketamine. To prevent intraoperative bleeding,
29  the animals are then euthanized with an intracardiac injection of Pentobarbital. The
30  animals then immediately undergo vitrectomy and lensectomy. Endodiathermy is

31  then used to create an approximate 1 disc diameter retinal break just superior to the

32  medullary wing. Balanced saline solution is injected into the subretinal space using a

22
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injected over the retinal break, which causes a localized retinal detachment. In the
other rabbit, a photoreactive polymer formulation is applied over the retinal break
using a 20 gauge cannula. The fiberoptic endo-illuminator of the Premier Vitrector
(Storz Instruments) is then used to irradiate the mixture for 1 minute, causing a thin,
transparent polymerized gel to form over the retinal break. Balanced saline solution is

then injected over the polymer-covered retinal break.

PEG diacrylate
PEG diacrylate (molecular weight 8,000 g/mol) containing 5% lactide was
applied to a retinal break created as described above. Despite forceful injection of 3

cc of saline solution through a 20 gauge cannula, the retina remained attached.

Example 11: Assessing Abilitv of Polvmer Implant to Seal Retinal Break
Twenty-four Dutch Banded rabbits are given general anesthesia with an
intramuscular injection of xylazine and ketamine. The right eyes are treated with
cryotherapy behind the nasal and temporal [imbus in the ora serrata region under
direct visualization Two weeks later, the animals are again given general anesthesia
with an intramuscular injection of xylazine and ketamine. Lensectomy and
vitrectomy are performed on the right eyes. A bent 30 gauge needle or vitrector is
then used to create an approximately 1 disc diameter retinal break just superior to the
medullary wing. Balanced saline solution is injected into the subretinal space using a
30 gauge cannula to create a localized retinal detachment. Fluid-gas exchange is then
performed, and the retina is flattened. For example, the rabbits are divided into 4

groups of 6 rabbits each and given the treatments outlined below:

GROUP 1: No polymer treatment

GROUP 2: 1% oligolactic acid photochemically reactive polymer
GROUP 3: 10% oligolactic acid photochemically reactive polymer
GROUP 4: Autochemically reactive polymer

Rabbits in group 1 receive no polymer treatment. Rabbits in groups 2-4
receive one of the hydrogel formulations injected over and around the retinal break

using a 30 gauge cannula. In the case of photochemical hydrogels, the fiberoptic

1~
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minutes of continuous infusion. Rabbits treated with polymer application to the
retinal break are observed for re-detachment of the retina as they are infused with
saline for 5 minutes. Since the goal is to assess the ability of the hydrogels to adhere
to and close a retinal break, laser photocoagulation is not performed. The eyes are
filled with balanced saline solution, sclerotomies and conjunctiva are closed, and a
subconjunctival injection of gentamycin is given. Clinical examination with slit lamp
and indirect ophthalmoscopy is performed on post-operative days 1, 3, 7, 14, 21, and
28. Evidence of retinal detachment, spontaneous retinal re-attachment, or signs of
ocular inflammation is noted. At 28 days rabbits are sacrificed and the eyes are

examined histologically for any evidence of toxicity of the procedure.

Example 12: Closure of a Retinal Break in _a Human Patient with a
Photoreactive Polvmer Formulation

A patient with rhegmatogenous retinal detachment requiring vitrectomy, suc‘h
as retinal detachment with proliferative vitreoretinopathy or a detachment with a
posterior retinal break, undergoes vitrectomy. Fluid-gas exchange with sterile air,
CO,, or xenon gas is performed to flatten the retina. Laser is applied around the hole
if it is extra-macular. Laser is not applied around macular holes. 10-25% long chain
PEG diacrylate (molecular weight 8,000 g/mol) containing about 5% lactide, N-vinyl
pyrrolidone (1500 ppm), and triethanolamine (5 nM) are mixed with an eosin Y
photoinitiator (1 mM) and applied to the retinal surface over and around the retinal
hole under gas. Polymerization is then accomplished with 15-60 seconds of
irradiation with either the fiberoptic endoilluminator or a xenon arc light source via a
transpupillary route. The polymerization reaction results in a thin, transparent gel
which closes the retinal break and remains adherent to the retinal surface. The eye is
filled with a balanced saline solution. Over a 2-12 week period, preferably 2-3 weeks,
the adherent polymer biodegrades. Thereafter, the retinal break is closed by a

chorioretinal adhesion. No post-operative positioning is required.

Example 13: Closure of a Retinal Break in a Human Patient with an
Autoreactive Polvmer Formulation

24,
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4  flatten the retina. Laser is applied around the hole if it is extra-macular. Laser is not
applied around macular holes. Albumin and di-N-hydroxysuccinimidy! activated
succinate-terminated PEG are applied simultaneously by mixing the contents of

separate syringes through a connector to the retinal surface over and around the retinal

hole under gas. The polymerization reaction begins immediately upon mixing and

W 00 3 O W

results in a thin, transparent gel which closes the retinal break and remains adherent to
10  the retinal surface. The eye is filled with a balanced saline solution. Over a 2-12 week
11 period, preferably 2-3 weeks, the adherent polymer biodegrades. Thereafter, the
12 retinal break is closed by a chorioretinal adhesion. No post-operative positioning is

13 required.

15 Example 14: Prevention of Proliferative Vitreoretinopathy (PVR)

16 Dutch Belted rabbits pre-treated with peripheral retinal cryotherapy underg;>
17  pars plana lensectomy and vitrectomy. A posterior retinal tear is then created with a
18  bent 30 gauge needle or a vitrector. Balanced saline is then injected in the subretinal
19 space to create a retinal detachment. Fluid-gas exchange is then performed and the
20  retina flattened. Laser is applied around the hole(s) if it is extra-macular. Laser is not
21  applied around macular holes. Then, a polymer precursor solution containing
22 photoinitiator is applied to the retinal surface around the retinal hole. Polymerization
23 is then accomplished with 15-60 seconds of irradiation with either the fiberoptic
24  endoilluminator or a xenon arc light source via a transpupillary route, which closes

25  the retinal break and remains adherent to the retinal surface.

26 The eye is then filled with photoinitiator to coat the surface of the retina.
27  Excess photoinitiator is then drained from the eye. Next, polymer precursor solution
28  that does not contain photoinitiator is applied to the remainder of the retinal surface
29  and polymerization is again accomplished with 15-60 second of irradiation with either
30 the fiberoptic endoilluminator or a xenon arc light source via a transpupillary route.
31 The polymerization reaction results in a thin, transparent gel where the polymer
32 precursor contacts the photoinitiator, but not in areas free of photoiniator. This results

33 the formation of a gel only on the surface of the retina. The eye is once again filled

9
N



&$"10% & ()- &'10% & ()-!ns&L0%& ()- rrs svOwzz
~m\/ sy) " 10%& () -sy) " 109& ()- "10%& ()- "10%& ()-"10%& ()- 8 %%AY( 2oz 1
10: ~~~~~ ~}VbCsy) "10% 10%g& ()- "10%& ()- "10%& () - $100 &' 0)- 6
10f; 0%&' ()-V=rdvrf #y109& ()-, 10w Uwv U 10w Uw U 10# Uw_ Ul 3"10%v Uw U& ()
with fluid. Unpolymerized precursors are then irrigated tfrom the eye. Over a 2-10

2 week period the adherent polymer biodegrades. The polymerized gel overlying the

3 retina both closes the retinal break and prevents adherence of scar tissue that could
4  cause proliferative vitreoretinopathy and recurrent retinal detachment. No post-
5

operative positioning is required.

Example 15: Prevention of Proliferative Vitreoretinopathy (PVR) in a Human

Patient by Using a Photoreactive Polymer Formulation After Vitrectomy

A patient with rhegmatogenous retinal detachment requiring vitrectomy, such as

O 0 3 O

retinal detachment with proliferative vitreoretinopathy or a detachment with a
10  posterior retinal break, undergoes vitrectomy. Fluid-gas exchange is performed to
11  flatten the retina. Laser is applied around all retinal breaks. A solution containing 10
12 pM eosin Y photoinitator is then applied to the entire retinal surface covering all
13 retinal breaks as well as intact retina. The photoinitiator solution is then washed from
14 the vitreous cavity, but it remains adherent to the retinal surface. The vitreous cavity
15 s then filled with a mixture of long chain PEG diacrylate (molecular weight 20,000
16 g/mol) containing about 10% lactide, N-vinyl pyrrolidone (1500 ppm), and
17  triethanolamine (20 nM), which contacts the photoinitiator coated retina. The
18 intraocular cavity is then irradiated for 15-120 seconds with a fiberoptic
19  endoilluminator or a xenon arc light source via a transpupillary route to effect
20  polymerization. The polymerization reaction results in a thin, transparent gel which
21 closes the retinal breaks and remains adherent to the retinal surface. Coverage of the
22 retinal tissue prevents cells and proteins that cause PVR from adhering to the retinal
23 surface. The eye is immigated with balanced saline solution to remove all unreacted
24  polymer precursor. Balanced saline is left in the vitreous cavity and the patient has no
25  positional requirement. Over a 2-16 week period, preferably 6-12 weeks, the adherent
26  polymer biodegrades. Thereafter, the retinal break is closed by a chorioretinal

27  adhesion. No post-operative positioning is required. The likelihood of PVR is

28  reduced.
29
30 All publications and patent applications mentioned in this specification are

31  herein incorporated by reference to the same extent as if each individual publication
32 or patent application was specifically and individually indicated to be incorporated by

33 reference.
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applying over and around the retinal break a non-toxic polymer
5  formulation comprising at least one polymer precursor that is a poly (ethylene
glycol) (PEG) based polymer precursor and transforming the polymer

formulation into a gel-like coat.

2. A method for closing a retinal break in a mammal, which method
comprises:
10 applying over and around the retinal break a non-toxic polymer

formulation comprising at least one polymer precursor, and transforming the
polymer formulation into a gel-like coat by photopolymerization,
autopolymerization, or physicochemical polymerization of the polymer
precursor.

15 3. The method of Claim 1 or Claim 2, wherein the polymer formulation
comprises a polymer precursor of the formula:

Pm-Dn-Wo-Dp-Pq

wherein W is a water-soluble polymer; D is a degradable moiety; P is a
photopolymerizable moiety; m and q are integers from 1 to about 10; o is an

20 integer from 1 to about 100; and n and p are integers from 0 to about 120.

4, The method of Claim 1 or Claim 2, wherein the PEG comprises reactive
termini.
5. The method of Claim 4, wherein the reactive termini are free radical

polymerizable termini.
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having a molecular weight of at least about 8,000 g/mol.
8. The method of Claim 4, wherein the PEG comprises a long chain PEG
5 having a molecular weight of at least about 20,000 g/mol.

9. The method of Claim 4, wherein the PEG based polymer precursor
further comprises degradable regions.
10.  The method of Claim 9, wherein the degradable regions comprise from
about 0.1% to about 25% oligolactic acid, and the formulation optionally

10  comprises photoinitiator and at least one co-catalyst, which can include N-
vinylpyrrolidone and triethanolamine.
11.  The method of Claim 8, wherein the PEG based polymer precursor
further comprises about 1% oligolactic acid.
12.  The method of Claim 8, wherein the PEG based polymer precursor

15 further comprises about 10% oligolactic acid.
13. A method for closing a retinal break in mammal, which method
comprises:

applying over an around the retinal break a non-toxic polymer formulation

comprising at least one polymer precursor, transforming the polymer

20  formulation into a gel-like coat, and applying at least one photoinitiator to the
retinal surface.
14.  The method of Claim 13, wherein the photoinitiator is an eosin Y

photoinitiator.
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1098 () - 1098& (g BUAE, O P 5 wherein the formulation further comprises at
least one co-catalyst.
16.  The method of Claim 1, Claim 2 or Claim 13, wherein the transformation
is by autopolymerization of the polymer precursor.
5 17. A method for closing a retinal break in a mammal, which method
comprises:
applying over and around the retinal break a non-toxic polymer
formulation comprising at least one polymer precursor and transforming the
polymer formulation into a gel-like coat, wherein the polymer formulation

10 comprises a first polymer precursor and a second polymer precursor, the first
and second polymer precursors being mutually reactive.

18. The method of Claim 17, wherein the first polymer precursor is an amine.
19.  The method of Claim 18, wherein the amine is a tetra-amino
poly(ethylene glycol) (PEG).

15 20. The method of Claim 17, wherein the first polymer precursor is a protein
and the second polymer precursor is a terminally-functionalized poly(ethylene
glycol)}(PEG).

21.  The method of Claim 20, wherein the protein is albumin, collagen, or
gelatin.

20 22. The method of Claim 21, wherein the protein is albumin.

23.  The method of Claim 17, wherein the second PEG molecule is a di-N-
hydroxysuccinimidyl PEG.
24. The method of Claim 17, wherein the second polymer precursor is a

difunctionally activated from of PEG wherein the activating group is a succinate.
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26. The method of any preceding claim, wherein the mammal is a human.
27.  The method of any preceding claim, wherein the gel-like coat comprises
a biodegradable polymer.
28. The method of any preceding claim, wherein the polymer formulation is
applied to more than about 50% of the retinal surface.
29.  The method of Claim 28, wherein the polymer formulation is applied to
the entire retinal surface.
30. A method for management of retinal detachment in a mammal,
comprising:

applying over and around a retinal break a non-toxic polymer formulation
comprising at least one polymer precursor, and

transforming the polymer formulation into a gel-like coat.
31.  The method of Claim 30, further comprising, prior to the overlapping,
draining the subretinal fluid with fluid/gas exchange.
32. The method of Claim 30, further comprising creating at least one
chorioretinal adhesion around the retinal break.
33.  The method of Claim 32, wherein the chorioretinal adhesion is created
before the polymer formulation is applied to the retinal surface.
34. The method of Claim 32, wherein the chorioretinal adhesion is created by
laser photocoaguiation.
35. A method for preventing proliferative vitreoretinopathy in a mammalian

eye having a retinal break, comprising:
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5 36. The method of Claim 35, further comprising, prior to step (a), draining the
subretinal fluid with fluid/gas exchange.
37.  The method of Claim 35, wherein the transforming is by
photopolymerization of the polymer precursor.
38. The method of Claim 35, wherein step (a) further comprises, prior to
10  applying the first solution, the steps of (i) filling the eye with a second solution
comprising at least one photoinitiator but no polymer precursor, and (ii) draining
the eye, wherein the applying is by filling the eye with the first solution, wherein
the first solution lacks a photoinitiator.
39. The method of Claim 35, further comprising creating at least one
15 chorioretinal adhesion around the retinal break.
40. The method of Claim 38, further comprising, prior to the filling of the eye
with the second solution, applying over and around the retinal break a third
solution comprising polymer precursor and at least one photoinitiator.
41. A pharmaceutical composition for the closure of retinal breaks with a
20  non-toxic, biodegradable polymer, which composition comprises at least one
photopolymerizable polymer precursor and at least one reagent that catalyzes

photopolymerization of the precursor in admixture with a suitable vehicle for

delivery to the interior of the eye.
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5 Wherein W is a long chain PEG having a molecular weight of at least 8,000
g/mol; D is a degradable moiety; P is a photopolymerizable moiety; m and g are
integers from 1 to about 10; o is an integer from 1 to about 100; and n and p are
integers from 0 to about 120, and the reagents include at least one
photoinitiator and at least one co-catalyst.
10 43. An article of manufacture for the closure of retinal breaks with a non-toxic
polymer comprising a first container comprising poly(ethylene glycol) (PEG)
based polymer precursor of the formula:
Pm'Dn'Wo'Dp'Pq
Wherein W is a long chain PEG having a molecular weight of at least 8,000
15 g/mol; D is a degradable moiety; P is a photopolymerizable moiety: m and q are
integers from 1 to about 10; o is an integer from 1 to about 100; and n and p are
integers from 0 to about 120.
44.  The article of manufacture of Claim 43, further comprising a second
container comprising a photoinitiator solution but no polymer precursor.
20 45.  The article of manufacture of Claim 43, further comprising printed
instructions for closing a retinal break in a mammal, comprising applying the

polymer precursor over and around the retinal break and transforming the

polymer precursor into a gel-like coat.
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46.  The article of manufacture of Claim 44, further comprising printed
instructions for preventing proliferative vitreoretinopathy in a mammalian eye,
comprising filling the eye with the contents of the second container, draining the
eye, and filling the eye with the contents of the first container, wherein the first
container does not contain a photoinitiator.
47.  An article of manufacture for the closure of retinal breaks with a non-toxic
polymer, comprising a first container comprising a first polymer precursor, a
second container comprising a second polymer precursor, said first and second
polymer precursors being mutually reactive.
48. The article of manufacture of Claim 47, wherein the first polymer
precursor is albumin, collagen or gelatin, and the second polymer is a
terminally-functionalized poly(ethylene glycol) (PEG).
49.  The article of manufacture of Claim 47, wherein the first and second
containers are syringe barrels.
50. The article of manufacture of Claim 47, further comprising printed
instructions for a method for closing a retinal break in a mammal, comprising:
combining the first and second polymer precursors immediately before
applying to the retinal surface of the mammal over and around the retinal break.
51.  The article of manufacture of Claim 50, wherein the combining occurs
during extrusion into and through a connector connecting the first and second

containers and onto the retinal surface.
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