VWO 01/51103 PCT/ US00/ 33102 COATI NG OF | MPLANTABLE OPHTHALM C LENSES TO
REDUCE EDGE GLARE 5 FI ELD OF THE | NVENTION This invention relates to

coat i ngswhish Rl antabl e ophthalmc Ienses. In particula ent
invention relates to hydrophilic coatings that are appli egCT%%SQ/%‘g&nge of

i npl ant abl e_opht hal m c | enses. 1 GROUND, 1 Both rigid
and f ol dabl %P ait abi-&" Gpht hcgﬁH%H‘é%ﬁl?egns At g?iiaE gﬁaflE Q%E%o%]\l. The nost
common rigid material used in ophthalmc inplants is 15 pol ynet hyl

nmet hacryl ate ("PMVA"). Foldable intraocular lens ("IO.") nmaterials can
generally be divided into three categories: silicone materials, hydrogel
mat eri al s, FERLD QM THEINGENT(ORYdr ophobi c") (neth)acrylic materials. See,
for exanple, Foldable Intraocular Lenses, Ed. Martin et al., Slack

| ncor porated, Thorofare, New Jersey (1993). For purposes of the present 20
appl 1 cati on, NYefRORRBhfioh PRERSAE! ddifgERbEIMALRIBICoPHREMRIENSAL In
materials that absorb [ess than approXimately 5% water at room

t enper at ur partidslateter pleseént mventon ReaiesttoNydréphibd cda8®)gsl Dt argpappliexul ar | y
| OLs designed for ipnplantatjon throu a small incision, can suffer froma
probl em of 901%3 %&%OW@D%@WG@HP?E@?S&%Mi bed in the 786 patent
reduces edge glare by including neans, such as a plurality of v-shaped
grooves, on the optic edge's surface for reflecting visible |ight that
contacts tBé BQUUNDA#OE TaiINYENT®Ne retina of the patient. 30 O her
met hods of reducing edge glare include those described in U S. Patent Nos.
5,693,093; 5,769, 889; 4,808,181; and 4, 605,409. 1 WD 01/51103

PCTI USCO' 33102 pakivMidRY Shd TiddtWENTpISNabe dpRRamtici RmeniiAsrisie! ates to
hydrophilic coating conpositions for surgical inplants, particularly

opht hal mi cknmynanﬂ%ecmqﬁti oM rigisoneaterial used in ophthalmic implants is

s polymethyl methacrylate (“PMMA”). Foldable intraocuiar lens (“IOL")

materials can generally be divided into three categories: silicone materials,
hydrogel materials, and non-hydrogel (“hydrophobic”) (meth)acrylic materials.

See, for example, Foldable Intraocular Lenses, Ed. Martin et al, Slack

Incorporated, Thorofare, New Jersey (1993). For purposes of the present
»  application, hydrophobic (meth)acrylic materials are (meth)acrylic materials

that absorb less than approximately 5% water at room temperature.

As described in U.S. Patent No. 5,755,786, I0Ls, particularly 10Ls

designed for implantation through a small incision, can suffer from a problem of

s edge glare. The invention described in the ‘786 patent reduces edge glare by
including means, such as a plurality of v-shaped grooves, on the optic edge’s
surface for reflecting visible light that contacts the edge surface away from the

retina of the patient.

30 Other methods of reducing edge glare include those described in U.S.
Patent Nos. 5,693,093; 5,769,889; 4,808,181; and 4,605,409.



S hydrophobic (meth)acrylic materials. Mre specifically, the present

invention relates to a coating material conprising an ophthalmcally

accept ablve o1ky@s ophobi ¢ (nmet h)acrylic pol ynmer and an ophtikat/osoabiog

acceptable hydrophilic Eol mer. 10 The present invention also relates to a

met hod f or SLABMARYG OFdhi dl\gﬁa‘JTh@Ni npl ant abl e ophthal mi ¢ | enses. The

nmet hod conpri ses applying a coating conprising an ophthalmcally

accept abl e hydrophobic (meth)acrylic polymer and an ophthal mically

ﬁcgept agl e Eydr TAbI ﬂ)ﬂe@e@pihr}%afiorh rekates 11p! lyarbshibptdoating dgemsositieree foren
ydrated, the coating is hazy or opaque and reduces or .15 el |jm nates edge

gl are. DETAMOEB! DESH&EMST ml@yﬂarrHEopfﬂmmpomnmn&scqmm%% eﬂ‘l"&r}?er%' se,

al | amount nr o7 r el JaXalel|

" (ret hy hor Y REPRENE ERAR i it lae. Aol ShaGe: B g e R B

hydLopholbl felatesy ltd c apaloptieg , nuatedal hyotinmnEedi en c opbihamicalpnaaceptablebot h

nmet hacrylic and acryljc functjonal roups, As used herein, "hydrophobic"

means the h¥gePhaPis azt')"%‘?fh?qrﬂ@s PRI r25£"<’:ijppta('9xi ﬂa‘%@ﬁ m'§%3</vat38¥e%{?8|faoom

t enper at ur g4 EBRIE PRI Material of the present invention conprises an

opht hal m caY?ryBagc@gt)} bl 'e hydrophobic (nmeth)acrylic polynmer and a

hydrophilic polynmer. Wien hydrated, the coating material has a Tg | ess

th 37 C, d f bly. .l h 15 C._Th d hobi h i
ol st | nar edi B PEPTbebas g TAter o mEPBedVei e Sl Bl B ¢ n'
attachi ng [hearedld RPhIRIRId fnsek0 e mEIRdd addPnpAdRRY appipingabntsaingy

accept abl e hydrophobic (rmeth)acrylic polyners are known, including those
descri bed compriSngran ephthaeicaly2acsegdable ydaopbabis1(rosthpasryisseolys3arn2

5, 693, 095; d5,3 73 h i : i . .
i ncor por at @ﬁg H qp%%%aé'gf %fcteerr%’g%}aﬁ @?&%ﬁﬁb'?cﬁ%ﬁ%ﬁgcﬁlﬁrg garnﬁg%%%gr s can
be used toefge Burfbbe WYHERMYERItEd (1Rt boagYisi tazydrydmiquet ed hydlicezharbi ¢

(met h)acryl ate pol yner
15 eliminates edge glare.

DETAILED DESCRIPTION OF THE INVENTION

Unless indicated otherwise, all amounts are expressed as %(w/w).
20
As used herein hydrophobic “(meth)acrylic polymer” means a
hydrophobic methacrylic polymer, a hydrophobic acrylic polymer, or a
hydrophobic copolymer containing both methacrylic and acrylic functional
groups. As used herein, “hydrophobic” means the materials absorb less than

s approximately 5% water at room temperature.

The coating material of the present invention comprises an
ophthalmically acceptable hydrophobic (meth)acrylic polymer and a hydrophilic
polymer. When hydrated, the coating material has a Tq less than 37 °C, and

w  preferably less than 15 °C. The hydrophobic (meth)acrylic polymer ingredient
in the coating material is preferably tacky to aid in attaching the coating material
to the substrate. Many ophthalmically acceptable hydrophobic (meth)acrylic

polymers are known, including those described in U.S. Patent Nos. 5,290,892;
2



preferably conprises at | east one (nmeth)acrylic nononer that contains an 5
aromati c group, such as those materials defined in US 5,693,095: X CH2 = C

- COO (Gr@2dm1YesAr 10 wherein: Xis Hor CH3 ; mis 0-6pc¥ussomabhi ng, O,
S, or NR wherein Ris H CH3, CnH2n+l1 (n=1- 10), iso-O0C3H7, C6H5, or

CH2CBH5:  ahB93BOAr and 536/ A7 drtheiantire ngntamsaﬁ vehieh Bee HasRINSNEPTPOE e

substituted C6HS,
or CH2CBHEPY @&M?EBQB? ‘H@BPE%I%BP%SC( @T’th %95% i'C %ﬂﬁ%@%ﬁb&%ﬂ getocfg{)rgl yNer s
of 2- 20 EMB)h hdbid theadrylat freer
(2-PEA) . %ﬂt 2?9 se%cqlfrﬁﬁé??\éé " ?(r)\‘glcheer i 2:y?}nﬁf\borner(g;W r?hdgyr? %ifgbyhoblec
(et h) acr ypneéergblyyn@mprlse?r (ﬁ’fnﬁashs@lﬂﬁg raﬂthl)@ﬁwlicatnﬂﬂ”%%rné?%ﬁ FON@ESUEN 2% or

| 055) ol RS EROLYAER! ABLL WP @by YIS edsasbe | o) udi ng  ther el

initiators pre erred rnitiator 1s the

benzoyl phosphi ne oxide initiator,

2,4,6-trimethyl -benzoy) di phenyl ophosphi ne oxide ("TPO'), which can be
activated by bl ue Iigﬁ{ or W irradiation. Suitable thermal initiators

i nclude the conventional erOX|des t-butyl peroctoate and

bi s- azoi sobut r onCH2 T & - SH@AEHR)MN-Ami ti ators incl ude benzoin net hyl

et her, Darocur 1173, and Darocur 4265 W 30 initiators. The hydrophobic
(meth)acrylic polyner optionally contains one or nore ingredients selected
fromthe grn on [ f.UV absorbers that are 3 WO 01/51103
PCT/USOO/S g&ﬂﬁco§%ﬁ§ﬁggggﬁﬁie with the other (nmeth)acrylic ingredients;
bl ue-light bl ocking, jgg-erants that are copolynerlzable with the ot her

(meth)acrylic ingredients; and chain transfer e ts EOI-{T]
cross-|inking. Y is nothing, O, S, or NR, wherein R i |s on+1 ne

10), iso-OC3H7, CgHsg, or CHoCgH5; and

15 Ar is any aromatic ring which can be unsubstituted or substituted
with CH3, CoHs, n-C3Hy7, iso-C3zH7, OCH3, CgH11, Cl, Br, CgHs,
or CH2CgHs.

Suitable hydrophobic (meth)acrylic polymers include copolymers of 2-
»  phenylethyl methacrylate (2-PEMA) and 2-phenylethyl acrylate (2-PEA).

After selecting the (meth)acrylic monomer(s), the hydrophobic
(meth)acrylic polymer is formed using an initiator (generally about 2% or less).
Any type of polymerization initiator may be used, including thermal initiators and

»s  photoinitiators. A preferred initiator is the benzoylphosphine oxide initiator,
2 4 B-trimethyl-benzoyldiphenylophosphine oxide (“TPO”), which can be
activated by blue light or UV irradiation. Suitable thermal initiators include the
conventional peroxides t-butyl peroctoate and bis-azoisobutronitrile. Suitable
UV initiators include benzoin methyl ether, Darocur 1173, and Darocur 4265 UV

0 initiators.

The hydrophobic (meth)acrylic polymer optionally contains one or more

ingredients selected from the group consisting of UV absorbers that are
3



5 U traviol et absorbing chronophores can be any conpound which absorbs
| i ght having a wavel ength shorter than about 400 nm but does not absorb

any subs{angiahezamount of visible Iight. Suitable copol ynmggi
ul travi ol et absorbi ng compounds are the substituted 2- h)r/rgr&g@gée/%zlgzphenones

di scl osed copblyferRabinivitNothed o84, BOShaautyitdhengedi@nts; blue-light blocking

hydr oxy-5-acryl oxyphenyl - 2H-benzotri azol es disclosed _in U S. Patent No.
4,528, 311. COREAMNSstah AL FORAYDPTLARIE Vit thePBT NGCEDREDUIRINBE RS -
met hal Iyl - 2.z FO¥YnSf et : Qhkingzol e. Suitable

pol ymer i zaépg%%IIrﬁ{eﬁéP?gﬁ@%ﬁ?&?ﬁﬂgﬁ%ﬁ%ﬁggﬁgh@sai ncl ude those disclosed in
U S Patent No. 5,470,932. If a blue-light activated polynerization

initiator is chosen .a{ég a blue 15 IiI%ht bl ocki ng col orant is added, .the
pol ynerfzation i _ﬁr‘E‘Y'Q r 2PRRIRING fh()? ORBAESN ARt PN Ihy CREPEUNE M ¢y ust ed
to mnim Z%gé‘é‘ s l’iﬁrﬁrﬁﬁfiﬁ%%ewa@!éh ht §56Yed 1eih 2RISR 40d nbd SR doePh6t

adde nt 01 0.4% M

typically i an ano rangfng from O. to 0.4% ny chain
transfer agbaod ang kubstantial shwouat tof vabiEdmnl eSudablkuicoablymertrable

transf ts_include 1:dod hi ol and 2- ol . Th
nyr ophi || EXGOIYREr COMAPHE | rEATPRDGAS | ng et orilal s GFOCHEISH eoedt

i nvention Fﬁgdrd&?béﬁiowﬁd?@snﬁi%élb%;&d 3/ Ccers. aphenhG op 3ok soPahy e 2-
Sui tabl e 25 hydrophilic polyners include, but are not limted to

AU ity bt i s p AR Al

VAl [0l | O . ; . S e )
hydr ophi | é’%ﬁ?g?ﬂ;ﬁ :Ti‘eP\'%?’s_tp%{'ﬁé%rée%y@ﬁgg'ﬁ’ﬁti eb%%rﬁw@rcs"ﬁé@”?érﬁ%&% ally
avai | abl e ﬂfetﬁawlze_hwft&y@rﬁgthykgawywr&idmd&iamcb.ar&i@b@é PoBphatizablai ned

inawpurified formin order to 30 mnimze extractables ugorrl?@i npl ant ati on

of the coablg-light. blaeldng civepRPherespprliaerthpperdiselessd imd). terstuNar
i ght (wei ¥ o Mol : LS o h
Uhehydr opRi0S5; U sl i SEMABERg sreltarorh il i shoseT abdROBLEL o1, 1™

be great enghgiblackindecpibesenis iadddie thalrpgemecdiratiorngnitistdre idexitity noa

sufficient anpunt to form hgdr ophilic a]lomai, ns  capabl e r?f
concentration may haveé to be adjusted to minimize any interference.

Chain transfer agents, if present, are typically added in an amount
ranging from 0.01 to 0.4%. Many chain transfer agents are known in the art.
2 Examples of suitable chain transfer agents include 1-dodecanethiol and 2-

mercaptoethanol.

The hydrophilic polymer contained in the coating materials of the present

invention may be any ophthalmically acceptable hydrophilic polymer. Suitable

»s  hydrophilic polymers include, but are not limited to polyhydroxyethyl
methacrylate (polyHEMA), polyacrylamide; polyglyceryl methacrylate and
polyvinyl pyrrolidone (PVP). The most preferred hydrophilic polymer is PVP.
These hydrophilic polymers are commercially available or can be made using
known methods and are preferably obtained in a purified form in order to

s  Mminimize extractables upon implantation of the coated |OL.

The hydrophilic polymer preferably has a molecular weight (weight avg.)
in the range of 2,500 — 100,000. It is important that the hydrophilic polymer's
4



di spersing light. The hydrophilic polymer should not be too small,

ot herwi se an appreci able anount of it may | each out of the coating after

the coatwog1iss105 applied to the 1 O.. The hydrophilic pol yper/usévmsiat not be
too |large, otherwwse it may affect intraocular pressure in the event that
sone of thencpieclyaewve:@ratchesgreamen@ughh@nd:dm |pr@eer1trintm brdegef cPeing a

nol ecul ar vvel ht of 10,0, f d
T e MB35 BT REHETS S PR AR, b o
pol ymer, t lydpepsing fighnaT e hy@mﬂ@emryrﬁér steesad rn@dbettbe scrmledtﬁerdmpdambu C
(meth)acrylic polyner via extraction in a suitable solvent, then

di ssol V|b|ng @ﬁ@%?o@ﬁ@b% of rfeMayateaphi eui el Qh@rc%ﬁ'ﬂgaﬁﬁeromﬁ RERMRT S | y
a t
Sl vants + SOPHEGRINE fobo TERivdoffic ol il ShB8ld AN b tod lefad A inise

((]I met hzjacr ylit ay péfeynetraboulby prezgbrd incthp@vemethait rsotﬂ’eaoi:thatpohgneolepobeﬂ; i on
epends upon on the desired hydrated r content for t oat L ng, the
desired thidtkréstheorortng. dpatiengase ngéh sch rﬂ?&%ﬁhd’tﬁ‘?'@'qt( H£t12§’g@(?)}§i c and
hydr ophi |'i ? Ry als, etc. Once the desired coating thickness and water
content ar chosen the 20 proportion of hydrophobic (meth)acrylic polyner
to hydrophilic poI yrrer can be determ ned by routine cal cul ati ons and

experi mentati on. eneral, the desired ter content of t t ed
coati ng®wi | | rahrd’@ f fNgb JRtesg! - '8739/5”1%‘?1 ﬁ"h@@%@r”?gedagogpf}ﬁb"% ﬁess

will range afcﬁeﬁﬂagléh?/dr%pﬁbbfﬁ\’@ereafcrﬁf?:”ﬁ@lghfe@t trems Qﬁfymdnpﬁ@¢égs@r@@kywer

In the coating mater ore range froma out 5 to about 50%
pr ef er abl y desved aibat credt bydiephob@0ymetthecybc vedlymer val esimactignktura used

Sol uti on.  BUIRAE R dseopitne S faRe Pl BORRRR EREafOT ' M

necessary fd?ihtﬁahﬁh|(S§H9ta|066pt%9|élhyd?6ph|Qc b@lyﬁiéﬁrﬁ a siftapfesdiesnt@r misture log
coating solution is clear, the coati nﬂ‘@é oul be translucent to opaque

after bei ngospts tedform a eatingssalwions @rmmtlwafaycérephm%mﬁﬁa@wh@f a
T ot i Al e bt EA O AR U oAt e
2- 5 desired hydrated water content for the coating, the desired thickness of the
coating, the chosen hydrophobic (meth)acrylic and hydrophilic materials, etc.
Once the desired coating thickness and water content are chosen, the
»  proportion of hydrophobic (meth)acrylic polymer to hydrophilic polymer can be
determined by routine calculations and experimentation. In general, the
desired water content of the hydrated coating will range from about 20 — 70%
and the desired coating thickness will range from 0.5 — 1 um. Typical
concentrations of hydrophilic polymer in the coating material will therefore

s  range from about 5 to about 50%, preferably from about 15 to about 30%.

The solvent or solvent mixture used to form the coating solution should
be chose to give a homogeneous coating solution. Because the coatings will
be used to reduce glare, it is not necessary for the coating solution to be clear.

o Whether or not the coating solution is clear, the coating should be translucent
to opaque after being applied to the implant's edge and hydrated. An example
of a suitable solvent mixture in the case of a 2-PEMA/2-PEA copolymer as the

hydrophobic (meth)acrylic polymer and PVP as the hydrophilic polymer is a 2-
5



WO 01/51103 PCT/ US00/ 33102 pentanone/ net hanol m xture. In general, polar
sol vents such as alcohols will be suitable when the hydrophilic polyner is
pol yHEMAworo1/spmBygl ycer yl net hacryl ate, and ketones, such ecsr/2s@&si@none, or
met hyl ene chloride, will be suitable when the hydrophilic polyner is

pol yacr y| armet¢armmme/meapol Thistucpath ggnetalepolar sobvepteseehalgsyaleehale nddll ¢ o

the substrate I Q. nmeans of, one or, bath of ol L owi ng:
hydr ophobi r SLHR%? cal¥ ePi éhe n6‘.¥9r°é’3\9% en‘?(}il{)rg'ref)ssiﬁ i nﬁgxgéﬁﬁj (85
i nt er penet rjdMLaPPEIRICriiBteNoaid N@tords sukhcest Dipentaiceie, abr irethyiees nal |y

cross-1inked by non-coval ent cross-linking. Alternatively, the coating
mat eri al meplasisiec oMl ke suifableowbeni threlydrephilie natymsy, is pelysndamide or
cross- i nki agent. The coating solution is applied to the inplant's edge

sur f ace °by 5 conventional techni ques, such as spin- or dip-coating
processes or casting a coating layer around a pre-fornmed rod of the optic

material. Dip-coating is preferred. The inplant is preferabl jpped at
such a rate so ahe& §ORlIRG rMateriahiy RIqlerahin PAChERe1q ARe a?HbSHéY?SiQEbQYt he
solvent in ' j . SR ' ¥ i t he

i npl ant, thré@%%sg? ?égg%gstgitﬁt&lﬁ%%ﬂﬁ\%g%iteg&?@g?y| ntgﬁdggro eggl%ims %?'é?”@? red.
First, the covalest) icngsalivtking aald d@kdntespehetrating ablymart netwwkingor Bhé  of

t he sol vent has evaporat ed &?ene al l%lq; . &5 rr'bnut es). gae(f‘ond tlhﬁ' coat ed

i mpl ant i s 99AkBA Matelidl ds e MIeEANEr SRAFFENkEd oY FON-COVEEENT cCTYs§ERING: nat e
as much of t‘ﬁ@;i ' (Xol rebss-limeb 2 teYioNgppr ocess
i nvol ves ro'd})l{n??%rrp r’g?%%8§g+qﬁg§rt§ﬁ%grﬁ?zr%bi%&%e%?e§,%(IJI | owed by baking at
90 C for aboean6f a cBissHinkingeageritf a coval ent cross-1inking agent is added

to the coating solution, the coating is dried in a way that fully activates
the cross-linking agent. 30 The coating can be easily renoved by a variety

of organic sol vefis @atingOky@bbnMsXtdpphsd 1o theldinfiglahte seifaegnby used
as the base in the preparation of the coating solution. The coating cannot

be renpued dopventeral teghyvigues, such as spin- or dip-coating processes or casting a
coating layer around a pre-formed rod of the optic material. Dip-coating is

preferred. The implant is preferably dipped at such a rate so as to minimize

any swelling of the implant caused by the solvent in the coating solution.

20 After the coating is applied to the implant, the coating is dried. A two-
stage drying process is preferred. First, the coated implant is allowed to dry in
air until most or all of the solvent has evaporated (generally < 15 minutes).
Second, the coated implant is baked at elevated temperature, about 40 — 100
°C, to eliminate as much of the remaining solvent as possible. A preferred

s drying process involves room temperature air drying for 15 minutes, followed by
baking at 90 °C for about 20 - 60 minutes. If a covalent cross-linking agent is
added to the coating solution, the coating is dried in a way that fully activates

the cross-linking agent.

30 The coating can be easily removed by a variety of organic solvents or
solvent mixtures, including the same solvent used as the base in the
_preparation of the coating solution. The coating cannot be removed by water,

however.



6 WO 01/51103 PCTI USQQ 33102 The inplants suitable for coating wth the
hydrophilic coatings of the present invention are preferably made of
hydr ophobiooi(smesh) acrylic materials, but could al so be cportUsaezad of
silicone or silicone-(nmeth)acrylic copolyners. 5 Preferred hydrophobic
(meth)acrylic materials are those polyneric materials described in U S

Pat ent Nos. 5,2 8 . i - WAl e
her eby i ncor porzr&gd ylgﬁfegf ‘?é?'gagozeeggfﬁo%ﬂ@g g@@e{%ngyae}ro?m%i (?r(%)?téﬁrgé {SQﬂ%n A,
t he coat i ngsesdnttimentioasaetpreferablyi madewy hydraghethid (mettnacnylic neateraith
substrate materials intended for use as a "hard" |CL (thaﬁ, is inserted in
an 10 unf oPdEgoYdAley bErcopstiugiafhel sticeiie o5 gHiEoNg-NEIDAGKY!IE SOPRYSIG™Ed in a

f ol ded or . i ; at.eri t - i-ncl ud
those. S T SRR RFHORNBRE) (meMHAINE rithriglr e FLSelbipeeahatbralel ude
herein, "ideptabgdin Urk|Ratest Noat 5200, &isasd 51ED3VEN theetiemtontemssof | nki ng
agents are uysed, | .be necessar desirabl e t .the inmplant'
ST et nalar o holE RS ner SRR hor e b ot MR e a5
a react | ve opl RAMing@eafidobe ife GRAK Mchiisn niaAbe Meed th ohfihctSHiwiab! e

reactive plasma gases include oxidizing gases, such as oxygen gas.
sui t abl e pkabstatehsnaierals sntehde@Xor MsB- Sea dwargl #Qhetiz ishiasbded nadan by

Advanced Pl a yst.e | nge. ing _such, h er,. suitable s
par anet®r s “P?@Bﬁgeﬁatﬁgs\ﬂéra :FOA{%%@W _%6I 38&&%55@0?%&%&” gPedd Elg%do?r t he
pl asne gas conptbsdBPIstate® X PSRUitaBId 11TR, Tndterial 16 NHE eoatddeintRlide0\hdk
exanples are intended to be illustrative but not limting. 25 Exanple 1:
M xture of diggtirssshibile S NBatephdYgs.i 8,698 08k 0r and 3o phins | usedPhieyeiar . A
copol yner of  2- PE ight) and 2-PEA (3.24 parts by weight)
was prepar e'h‘pﬁgﬁgg Lgdc?%u&a}ﬁé%ggﬁﬁé\%6 parts by weight) as an initiator. 30
The copol ynmer was cured in pol ypropylene slab nolds (10 rmx 20 mm x 0.9
nm) by exposure to blue |ight for one hour using a Kulzer Palatray CU bl ue
15 When covalent cross-linking agents are used, it may be necessary or
desirable to prepare the implant's surface that will receive the coating by
exposing the implant’s surface to a reactive plasma gas prior to applying the
coating solution. Suitable reactive plasma gases include oxidizing gases, such
as oxygen gas. A suitable plasma chamber is the P?CIM B-Series plasma
20 chamber made by Advanced Plasma Systems, Inc. Using such a chamber,
suitable plasma parameters include: power = 400 W, plasma gas = oxygen;

pressure of the plasma gas = 225 mTorr; exposure time = 4 - 6 minutes.

The following examples are intended to be iliustrative but not limiting.
2
Example 1: Mixture of Hydrophobic (Meth)acrylic Polymer and Hydrophilic
Polymer.
A copolymer of 2-PEMA (1.5 parts by weight) and 2-PEA (3.24 parts by
weight) was prepared using Darocur 4265 (0.06 parts by weight) as an initiator.
s The copolymer was cured in polypropylene slab molds (10 mm x 20 mm x 0.9
mm) by exposure to blue light for one hour using a Kuizer Palatray CU blue
light unit (12 - 14 mW/cmz). The cured copolymer (0.8345 g) was then

extracted in methanol at room temperature overnight. The extracted copolymer
7



light unit (12 - 14 mWcnR). The cured copol yner (0.8345 g) was then
extracted in nmethanol at roomtenperature overnight. The extracted

copol ymewo o¥/5M@ 01/ 51103 PCT/ US00/ 33102 was dried in ai rectiusoonsto2stri pped
of net hanol solvent. Once dry, the slabs were dissolved in allag%xture of

2- pent anonéaaAtedit RENBYL 1Y SRR Henehianshselyenc JdPFhHgNs drsiPiesR wase

I ngredi ent ;. Lpar [ 2 1dth4h 0 hD.

(10, 000 Mﬁ'g%ag@ o8 nbaghé, ¥R ¥ntandd e el 46&0“%0*%@5?%@%@@

copol ymer eatipyissoiutipr65% 2- PEA; 30% 2- PEMA; 1. 8% o- nethal lyl Tinuvin P;
and 3.2% 1, 4- but anedi ol diacrylate was prepared using 1.8% Perkadox-16 as
a thermal initiator. This copolyner ("Substrate Copolyner") was cured in
the sane sl ab nplgsqidgscribed above and then Ak (il WBigheet one
(overnight, thendrfed in air for approxinmately 2 hours, then dried at 100
C for approxi ne2-¢IEMA/ZB&rsyopolyreer, conmerci al |y avai®.88l e  ACRYSOF(r)
ICL's were obta[g{}%d.OT @k@gs and |1 OLs were then di g In the coating
solution, dried | @004 proximately 5 - 10 m nuf@'g, and then baked at
90 C for 20 - 9QeAdHHies. The cured coating was opticaBBy clear. After 20
hydrating the coating, the coating is translucent/opaque due to the

het er ogeneous d2-&antdenen of water within the coatin -é@rrposition. Coat i ng
t hi ckness was typically 0.5 to 1 mcrons. After renaining hydrated for 9
nont _hs,“’the coating's haze or opacity did not appear to have ‘di m ni shed and
remai ned attachgdpamtél ,Ga%UE()S(Wﬁ@Treoﬁipaibir@rfiﬁ‘@.Z-PE&;B@WLEEM'A;VMB%ro-Content
of the Coating Material of anple 1. To determ ne the water content of the
hydr at ed cogthally! minumin & Q@é@%{q 1,4-butanediol diacrylate was prepared using

1.8% Perkadox-16 as a thermal initiator.  This copolymer (‘Substrate

Copolymer”) was cured in the same slab molds described above and then
s extracted in acetone (overnight, then dried in air for approximately 2 hours, then
dried at 100 °C for approximately 2 hours). Also, commercially available
ACRYSOF® IOL's were obtained. The slabs and IOLs were then dipped in the
coating solution, dried in air for approximately 5 - 10 minutes, and then baked
at 90 °C for 20 - 90 minutes. The cured coating was optically clear. After
2 hydrating the coating, the coating is translucent/opaque due to the
heterogeneous distribution of water within the coating composition. Coating
thickness was typically 0.5 to 1 microns. After remaining hydrated for 9
months, the coating’s haze or opacity did not appear to have diminished and
remained attached to the substrate slab or IOL.
2
Example 2: Water Content of the Coating Material of Example 1.
To determine the water content of the hydrated coating material used in
Example 1, a multi-layer film of the coating solution defined in Example 1 was
cast in a polypropylene slab mold. After each layer was applied, it was allowed
w  to dry at room temperature in air before the next layer was added. After four or
five layers were made, the multi-layered film was dried at 100 °C for one hour.
The dried film was weighed and then placed in de-ionized water at room

temperature. The film's weight change was monitored over time. The results
8



Example 1, a multi-layer filmof the coating solution defined in Exanple 1
was cast in a polypropylene slab nold. After each | ayer was applied, it
was al | oWe1Z01@30 dry at roomtenperature in air before thermest3siayer was
added. After four or five |layers were nade, the nulti-layered fil mwas

dried at 160° GHo dhel ddeir! be\fPYé- dffted a4 HPW@?S Qf\é?y&ﬁ%t@”aﬁﬂet Wﬁh V}fﬁ‘saced in

(rjrgn: ?glrégdo%@w%d (rﬂﬁa?rﬁ lg]erées %@\D%%ggg{QO%%#ﬁ%%g 3102 are shovvn

in Table 1 agalnowThAfﬂlm ga\ﬂaﬂfSWdﬂr(by ofeiglytil rextraotablashend |hlad1 awmater eomest from

{11 m gave SORIPIR) RSP eI el BB WARITRAPD Rl B S IAgar ot ed)

of 52. 6% (wei . r an
addi t1 onal 3 e R B A B P g ot

t he experi tentexpeTieentnl clihatadculatedr watertt conteat 81616 ows waas 539.6%
(wei ght). abJ% 1 El apsed Slab Optical % Wight Increase Tine (hrs) Wi ght
(g) Appear AKEENHF Siab (coating) O 0.0475 clear 0 15.5 0.0628 opaque 24.4
40 0.0702 opaque 32.3 112 0.0840 opaque 43.4 184 0.0945 opaque 49.7 616
0.1106 opaque 57.0 10 Exanple 3: (Conparative Exanple) Copolynmer of
Hydr ophobi ¢ (Meth)acrylic I\/bnorrers a‘FﬁzbléHﬂdrophl lic I\/bnorrer To 3.25 grans

O 2 oA D ST PR O e e P TR AReated 0 06 e
Time (hrs) | Weight (g) Appearance of Slab
(coating)
0 0.0475 clear 0
15.5 0.0628 opaque 24 .4
40 0.0702 opaque 32.3
112 0.0840 opaque 43.4
184 0.0945 opaque 49.7
616 0.1106 opaque 57.0

Example 3: (Comparative Example) Copolymer of Hydrophobic (Meth)acrylic
Monomers and Hydrophilic Monomer.

To 3.25 grams of 2-PEA, 1.50 grams 2-PEMA, 1.81 grams N-

vinylpyrrolidone, and 0.06 grams of Darocur 4265 were added. The

15 ‘pyrrolidone’ content of the coating material was the same as that used in the

coating material of Example 1 [27.3%: 0.33/(0.88+0.33) = 1.81/(3.25 + 1.5 +

1.81 + 0.06)]. The resulting coating material was cured in the same

polypropylene slab molds described in Example 1. A one-hour, blue-light cure

was performed using the Palatray CU unit at a flux of 12-14 mW/cm?®. The

20  resulting copolymer was dissolved in 2-pentanone to give a coating solution

with a 6 wt-% copolymer content.



15 “pyrrolidone' content of the coating material was the same as that used
in the coating material of Exanple 1 [27.3% 0.33/(0.88+0.33) = 1.81/(3.25
+ 1.5 + wb.08%1m30. 06)]. The resulting coating material wascousmedsionn the
sanme pol ypropyl ene slab nolds described in Exanple 1. A one-hour,

bl ue-1ight cure A pasepeadtod tacbtosé ngaly bétHeaBabstegte Gopatirnenef Bxamplg of
12-14 mWcnR. The 20 .resulting copplymer was di ssol ved i - tano. to
gi ve a coatWasy dipnest i"B)rF%eV\F??utﬂIQ @o\f})vlt'}é b AP rl";ﬂdreéist Y eﬁﬁb%a@%]O@FS 03
PCTI USO00/ 33 fatesh aRiCo W Eteli ol dIROOPTE) mlutds. ofhd BsatBu Al alae dlaped yrrer
of Exanple 1 was éll pped in the coating solution, air-dried at room

t enper at ur entbodeibizedi waters anants dyerationr ppgrtieso Olioved7sveai Hittes. Ththe
coated sl ab | aced i dei.oni zed water and its hydration properties
fol | owed O\fé\?,ﬁfsi%@.s 'ngﬁﬂ%élqego‘%{re shown in Table 2 bel ow. Table 2

El apsed Sl ab Optical % Weight Increase Tine (hrs) Wight (g) Appearance of

Slab (coating) 0 0.2060 clear 0 25 0.2151 clear 4.2 96 0.2234 clear 7.8
144 0.2263 clear 8.9 425 0.2333 cl'e&fle?21.7 water content after 425 hours

= 12. 3% (final Wig“ —fnat—AQ dried LIt T hal L ydr at ed
wei ght  Aqueous Ex@PEEY anl eso80) 6b6 As ﬁg%h' in 'Ira{gﬁlgéﬂd}f{ Ldr}géiéy Exanpl es 1
and 3 gave signi ﬂ'irﬁé‘(’rﬁﬁs?’ diiigeg) | r appearancdhe hydr apfeSlaBEMA- PVP pol yner

m xture coating material |is opaque| 15 and of high water content| while the
hydr at ed, random PEMA-NVP copol ynet is(cQaté8) and has a | ower water uptake.

0 0.2060 clear 0
25 0.2151 clear 4.2
96 0.2234 clear 7.8
144 0.2263 clear 8.9
425 0.2333 clear 11.7

Water content after 425 hours = 12.3% (final hydrated weight — final
o dried weight)/final hydrated weight
Aqueous Extractables = 0.6%

As shown in Tables 1 and 2, Examples 1 and 3 gave significantly different
results. The hydrated PEMA-PVP polymer mixture coating material is opaque
s and of high water content, while the hydrated, random PEMA-NVP copolymer is

clear and has a lower water uptake.

The invention has been described by reference to certain preferred
embodiments: however, it should be understood that it may be embodied in

» other specific forms or variations thereof without departing from its spirit or
essential characteristics. The embodiments described above are therefore
considered to be illustrative in all respects and not restrictive, the scope of the
invention being indicated by the appended claims rather than by the foregoing

description.
10



The invention has been described by reference to certain preferred

enbodi nents; however, it should be understood that it may be enbodied in
20 ot herwspesifosc forns or variations thereof wthout depert/ius@Bramits
spirit or essential characteristics. The enbodi nents descri bed above are
therefore considered to be illustrative in all respects and not
restrictive, t@ﬁﬁope of the invention being indicated by the appended
clai ms rat NE ‘by the foregoing description. 10 WO 01/51103

PCT/ US00/ 33102 WE CLAIM 1. A method for reducing edge glare in an

i npl ant abl e ophthalmc lens 5 having an optic edge surface conprising the
step of applyi nd adthad dphiréducing ealgenglarmterdraimplentaite aphthalevgdensur f ace

wh [ h oat i i al i , | | . -
Py ophobi SatRE 1) Sg1 S8 srRER eamsiRy SR el TSRy hacE dRRIgLR
hydrophi | i gopfhg 'MRBtdrial &b 8 Wptics edbbChemice twhérefiiare Otostingrmateeiardge

glare when the coating material is hydrated, and 10 wherein the coating
mat eri al h&omprisgs |as ophthaimically ageaptakiar BrdsgphobicTieeiRgadiylic solmeai m 1

wherein the hydrophilic. pol j | f r onskskhng of
poIyhydrox?@pﬁv1oﬁ&%ﬁkﬁF%ﬁ%%g?é%%@%i@#@%&ﬁﬂaé%ﬁypgfgg?géﬂﬁ§wﬁﬁgﬁﬂ§%bglate
and pol yvi fylre@ydd 6t efi@itate ugd glthe wiinhihd edatitigainatetiantiee hedratédieand
hydrophilic polyner is polyvinyl pyrrolidone. 4. The nethod of Cdaiml
wher ei not havheyeindp@icpating s1aiasal hassa 4 oUessgihan I0°@ydeageydratestul ar wei ght
in the range of 2,500 - 100, 000. 5. The nmethod of Caim4 wherein the

hydr ophilic polynmer is polyvinyl pyrrolidone having a wei ght average

mol ecul ar wei ghtThef mathodsr. Claim 6. whbeimetidpghdrophifit @oiprenbesetdoted frenanmount
of the hydrophilic polyner in the coating material is about 5 - 50 %
(wt.). 7. The e@uURodcossistngi o 1 Pahewaraxyeiy! cHathagvigieer PAlYas@mIdRy dr at ed

polyglyceryl methacrylate and polyvinyl pyrrolidone.

3. The method of Claim 2 wherein the hydrophilic polymer is polyvinyl

pyrrolidone.

4. The method of Claim 1 wherein the hydrophilic polymer has a weight

2 average molecular weight in the range of 2,500 — 100,000.

5. The method of Claim 4 wherein the hydrophilic polymer is polyvinyl

pyrrolidone having a weight average molecular weight of 10,000.

»s  O. The method of Claim 1 wherein the amount of the hydrophilic polymer

in the coating material is about 5 — 50 % (wt.).

7. The method of Claim 1 wherein the coating material has a hydrated
water content of about 20 — 70 %.

30

8. The method of Claim 1 wherein the hydrophobic (meth)acrylic polymer

comprises a monomer of the formula

11



wat er content of about 20 - 70 % 30 8. The nethod of Caim1l wherein the
hydr ophobi ¢ (nmeth)acrylic polynmer conprises a nononer of the formula 11 WO
01/ 51103yBG1A1H990/ 33102 X CH2 = C - C00-(CH2) mY-Ar 5 wher/gsdgazath2i s H or
CH3 mis 0-6; Yis nothing, 0, S, or NR wherein Ris H CH3, CnH2n+l
(n=1- 10), iso-0OC3H7, C6H5, or CH2C6H5; and 10 Ar is any aromatic ring

whi ch can be unsubstitxted or substitut ed with CH3, C2H5, n-C3H7,

i so- C3H7, OCH3, C6H11,|C, Br, or CH2C6H5. 9. A hydrophilic coating

material for a suy I-% O'flpba(}]@d?\@ﬁwe p the coating 15 material conprises
an ophthal mcally cept ab hobi ¢ (neth)acrylic polynmer and an
opht hal i cal | y acceptabl e hydrophilic polynmer, and wherein the coating
material has a Tg less than 37 C when hydrated. 10. The coating material of
Cl ai m 9 whathereint heXhigdd @3 ¢ pol ymer is 20 sel ected fromthe group

consi sting of polyhydroxyethyl nethacrylate; polyacrylam de; polyglyceryl
met hacryl ate and pollyiA » pyrrolidone. 11. The coating material of Cdaim?9

wherei n” the hydr ophil EOWC\?‘IS! Sr Nﬁil\,\)h\élr&WprHr @Héj@}%ﬁ%gﬁ i2=1-The

coating material of erein e hydroph| i c pol ymef has a weight

aver age nol ecul ar wqa@ Mo- ora;:)q_lpfe @(ﬁqgeo,o@H anaoo _000 13. The coating
material of Claim 12 V\/nerel n the rophi ['i € poI ynmer is 30 polyvinyl

pyrroligdone having Ar l&&!rg,héroarvai‘cag@g wichced rabe weisg hstitafed 6r S@ktituted
with CH3, CoHs, n-CaH7, iso-CaH7, OCH3, CgH14, Cl, Br, CgHs,
or CHoCgHs.

9. A hydrophilic coating material for a surgical implant wherein the coating
s material comprises an ophthalmically acceptable hydrophobic (meth)acrylic
polymer and an ophthalmically acceptable hydrophilic polymer, and wherein

the coating material has a Tq less than 37 °C when hydrated.

10. The coating material of Claim 9 wherein the hydrophilic polymer is
» selected from the group consisting of polyhydroxyethyl methacrylate;

polyacrylamide; polyglyceryl methacrylate and polyvinyl pyrrolidone.

11.  The coating material of Claim 9 wherein the hydrophilic polymer is
polyvinyl pyrrolidone.

2
12.  The coating material of Claim 9 wherein the hydrophilic polymer has a

weight average molecular weight in the range of 2,500 — 100,000.

13.  The coating material of Claim 12 wherein the hydrophilic polymer is

»  polyvinyl pyrrolidone having a weight average molecular weight of 10,000.

14.  The coating material of Claim 9 wherein the amount of the hydrophilic
polymer in the coating material is about 5 — 50 % (wt.).

12



14. The coating material of Claim9 wherein the amount of the hydrophilic
polymer in the coating material is about 5 - 50 % (w.). 12 WO 01/51103
PCT/ USOQyé31R210315. The coating material of Caim 14 whergipusdysgpount of
the hydrophilic polynmer in the coating material is about 15 - 30 % (w.).
5 16. The coating material of Claim9 wherein the coating material has a

& 5 m o wndbel n 1 PRCaRBOGBRGEALOC i) Lt hetdn (g Ry e PR o e
of the f0r§6|y?ne1rQn)Ehe§Hatiﬁg thatef@0s @B0R2) "6 Y-20 % bbt. wherein: X is Hor CH3 ;

mis 0-6; I's nothing, 0, S, or NR, wherein Ris H CH3, CnH2n+l1l (n=1-
10), iso-0OC3H7, C6H5, or CH2C6H5; and Ar is any aronmatic ring which can be

unsubstituted or., subst,it 20 Wi B, sR- - hSfz QCH3,
CeH11, © ng ggﬁS?gét&gué%g%éSQ%Qn?ggWgoa |nt8grra eﬁgahﬁag?%l_g?% 17

wher ei n t hay8de@Ms Sortart &) ésgutlaoc— 700%yner conprises a nononer sel ect ed
fromthe group consisting of 2- 25 phenylethyl acrylate and 2-phenyl et hyl

nmet hacryl ate. 19. The coating material of Claim9 wherein the hydrophobic

met h) acryli,c I - [ I ey e o ' i
Sel oot a 10 « RIS GREPEERIR B SRR O REE ey R ERN A ng
col or ant s; palyenehedmprisés & hesraimer afgtbietformif

10

X

|
CHo = C - COO-(CHo)y-Y-Ar

s wherein: X isHor CH3 ;
m is 0-6;
Y is nothing, O, S, or NR, wherein R is H, CH3, ChHop+1 (n=1-
10), iso-OC3H7, CgHsg, or CHoCgHsg; and
Ar is any aromatic ring which can be unsubstituted or substituted
20 with CHs, CoHs, n-C3H7, iso-C3H7, OCH3, CgH11, Cl, Br, CgHs,
or CH2CgHs.

18.  The coating material of Claim 17 wherein the hydrophobic (meth)acrylic
polymer comprises a monomer selected from the group consisting of 2-

s phenylethyl acrylate and 2-phenylethyl methacrylate.

19.  The coating material of Claim 9 wherein the hydrophobic (meth)acrylic
polymer optionally comprises one or more ingredients selected from the
group consisting of UV absorbers; blue-light blocking colorants; and chain

o  transfer agents.

13



