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that corresponds with a back curve of an ophthalmic lens and a second mold portion

with a concave surface that corresponds with a front curve of the ophthalmic lens. To
prepare a lens using such mold portions, an uncured hydrogel lens formulation is
placed between the concave and convex surfaces of the mold portions and
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SUMMARY OF THE INVENTION
Accordingly, the present invention provides methods of leaching a silicone
hydrogel ophthalmic lens of UCDs without soaking the lens in organic solvents.
According to the present invention, release of a silicone hydrogel lens from a mold in
which the lens is formed is facilitated by exposing the lens to an aqueous solution of

an effective amount of one or more surfactants. In addition, leaching of UCDs from
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of an effective amount of a release aid. It has also been found that adequate removal
of Leachable Materials from the silicone hydrogel ophthalmic lens can be realized by

exposing the cured lens to an aqueous solution of an effective amount of a leach aid.
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As used herein, “released from a mold” means that a lens is either completely
separated from the mold, or is only loosely attached so that it can be removed with
mild agitation or pushed off with a swab.

As used herein, the term “treat” means to expose a cured lens to an aqueous
solution including at least one of: a leaching aid and a release aid.

As used herein and also defined above, the term “UCD” means unreacted

components and diluents.
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These and other similar processes can provide an acceptable means of

releasing the lens and removing UCDs from the lens prior to packaging.

Release

According to the present invention, release of a silicone hydrogel lens is
facilitated by treating the lens with a solution including one or more release aids
combined with water at concentrations effective for causing release of the lens. In

some embodiments, release can be facilitated by the release solution causing a
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also include a reaction that mixture includes a UV absorbing compound.

In some embodiments, wherein the lenses are cured using heat then a thermal
initiator may be added to the monomer mix. Such initiators can include one or more
of: peroxides such as benzoyl peroxide and azo compounds such as AIBN
(azobisisobutyronirile).

In some embodiments, lenses can be cured using UV or visible light and a
photoinitiator may be added to the monomer mix. Such photoinitiators may include,

for example, aromatic alpha-hydroxy ketones, alkoxyoxybenzoins, acetophenones,
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When the mold halves are separated the lens typically adheres to one or the
other mold half. It is typically difficult to physically remove the lens from this mold
half, and it is generally preferred to place this mold half into a solvent to release the
lens. The swelling of the lens that results when the lens absorbs some of this solvent

typically facilitates release of the lens from the mold.
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the monomer mix that does not have polymerizable functionality. For example,
diluent may be a Leachable Material. Leachable material may also include
nonpolymerizable impurities which were present in the monomer. As polymerization
approaches completion, the rate of polymerization will typically slow and some small
amount of the monomer may never polymerize. Monomer that never polymerizes can
be included in the material that will be leached from the polymerized lens. Leachable
méterial may also include small polymer fragments, or oligomers. Oligomers can
result from the termination reactions early in the formation of any given polymer

chain. Accordingly, Leachable Materials can include any or all of a mixture of the
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sugars, optionally with attached C8 to C14 carbon chains, polyalkylene oxides,

sulfates, carboxylates or amine oxides of C8-C10 compounds. Examples include
cocoamidopropylamine oxide, C,2.14 fatty alcohol ethoxylated with 10 ethylene
oxides, sodium dodecy! sulfate, polyoxyethylene-2-ethyl hexy! ether, polypropylene
glycol, polyethylene glycol monomethyl ether, ethoxylated methyl glucoside dioleate,
and the sodium salt of n-octylsulfate, sodium salt of ethylhexy! sulfate.

In order to illustrate the invention the following examples are included. These

examples do not limit the invention. They are meant only to suggest a method of
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population display depositions rated as none or slight, over the wear period.

Suitable amounts of high molecular weight hydrophilic polymer include from
abbut 1 to about 15 weight percent, more preferably about 3 to about 15 percent, most
preferably about 5 to about 12 percent, all based upon the total of all reactive
components.

Examples of high molecular weight hydrophilic polymers include but are not

limited to polyamides, polylactones, polyimides, polylactams and functionalized
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aqueous environments, hydrogen bond to water, thus becoming effectively more

hydrophilic. The absence of water facilitates the incorporation of the hydrophilic
polymer in the reaction mixture. Aside from the specifically named high molecular
weight hydrophilic polymers, it is expected that any high molecular weight polymer
will be useful in this invention provided that when said polymer is added to a silicone
hydrogel formulation, the hydrophilic polymer (a) does not substantially phase

separate from the reaction mixture and (b) imparts wettability to the resulting cured
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Examples of hydroxyl-functionalized silicone containing monomer of Formula
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alkanes, alkyl halides, silanes, amides, alcohols and combinations thereof. Amides

and alcohols are preferred diluents, and secondary and tertiary alcohols are most
preferred alcohol diluents. Examples of ethers useful as diluents for this invention
include tetrahydrofuran, tripropylene glycol methyl ether, dipropylene glycol methyl
ether, ethylene glycol n-butyl ether, diethylene glycol n-butyl ether, diethylene glycol
methyl ether, ethylene glycol phenyl ether, propylene glycol methyl ether, propylene
glycol methyl ether acetate, dipropylene glycol methyl ether acetate, propylene glycol
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Polymerization initiators can include, for example, compounds such as: lauryl
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Curing

Another aspect of some embodiments of the present invention includes curing
silicone hydrogel formulations in a manner that provides enhanced wettability.
Acording to the present invention, it has been found that gel time for a silicone

hydrogel may be correlated with cure conditions to provide a wettable ophthalmic



conmponents, and any additional conmponents add up to
100 weight % A range of the conbined

weizbormosgscont ai ni ng nononers (hydroxyl - funct PomaisSe@ed48032
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nore preferably about 15 to 90 weight percent, and in
some enbodi rrents about 25 to about 80 wei ght percent
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contact angles. The minimum gel time can therefore be the point above which the
resulting lens is generally wettable. Below the minimum gel time, the lens may not
wettable. In the context of this description, for a contact lens, "generally wettable" is
a lens which displays an advancing dynamic contact angle of less than about 80
degrees, an in some embodiments less than 70 degrees and in still other embodiments
less than about 60 degrees. Thus, those of skill in the art will appreciate that minimum
gel point as defined herein may be a range, taking into consideration statistical

experimental variability.



3, 7-di net hyl - 3-octanol diluent. In sonme enbodi nents,

the pol ynerizations for the above fornul ati ons can be
woaoehwosee i n the presence of tert-anyl -al cohoPCaaS2006/048032

di l uent conprisi ng about 2%6 wei ght percent of the

uncured reaction m xture. Processing Enbodi nents can
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g'gged] I&lge?r;%}ltlgt#r oV} gig%r%%s\l\gé P lleg% ggohutt ge‘lﬁrrgs%ok/l\gared to a lens of
the same composition made at 25 degrees C. Thus, in some embodiments, suitable
cure temperatures can include temperatures greater than about 25 degrees C.
Specifically embodiments can include ranges of between about 25 degrees C and 70
degrees C and between about 40 degrees C and 70 degrees C. The precise set of cure
conditions (temperature, intensity and time) may depend upon the components of lens
material selected and, with reference to the teaching herein, are within the skill of one
of ordinary skill in the art to determine. Cure may be conducted in one or a

multiplicity of cure zones, and should preferably be sufficient to form a polymer



devi ce, and specifically a contact |lens. As used

herein, the gel tine is the time at which a cross
woi2okcadsqrel ymer network is forned, resulting i RCThS2006/048032

viscosity of the curing reaction m xture approaching

infinity and the reaction m xture becom ng non- fl uid.

The gel point occurs at a specific degree of

conversion, independent of reaction conditions, and
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gel point as defined herein may be a range, taking

into consideration statistical experinental
woani7alsd7sty. WO 2007/ 075478 PCT/ US2006/ 048032 PC2AISk0v6/048032
certain enbodi ments, using 28isible Iight irradiation

m nimum gel tines of at |east about 30 seconds have

been found to be advantageous. In sone enbodi nents, a
nol d containing the Reaction M xture is exposed to
| o tot—£ € et 110N
beans, Xrays, W ﬁiﬁe I 5%?? i?gf 160%
el ectromagnetic rfadi atijion or particl ¢releaseaf i on Havi ng
a wavelrength i the Tange of —frommabout—150to—<about
800 nm In sone enbodi nents, the radiation source is
W or visible light having a wavel ength of about 250
to about 700 nm Suitable radiation sources can
i nclude WV | anps, fluorescent |anps, incandescent
| anps, nercury vapor |anps, and sunlight. In
enbodi nents where a UV absorbi ng conpound is included
in the conposition (for exanple, as a WV bl ock)
curing is conducting by means other than W/
irradiation (such as by visible light or heat). In
sonme preferred enbodi nents the radiation source can
be selected from UVA (about 315-about 400 nm, UVB
(about 280-about 315) or visible Iight (about
400- about 450 nm), at low intensity. In other
enbodi nents, the reaction mxture includes a W
absor bing conpound, is cured using visible |light and
low intensity. As used herein the term"| ow
intensity” nmeans those between about 0.1 miWcnR to
about 6 mMNcnR and preferably between about 0.2
mMVcnm2 and 3 miWcnR. The cure time can therefore be
relatively 1long, generally nore than about 1 minute
and preferably between about | and about 60 m nutes
and still nore preferably between about 1 and about 30
mnutes. In sonme enbodinents, relatively slow, |ow
intensity cure can provide conpati bl e ophthal mc
devi ces which display lasting resistance to protein
deposition in vivo. In sone enbodi nents, the
tenperature at which the reaction mxture is cured
can be increased to above anbient, wherein the haze of
the resulting polymer decreases. Tenperatures
effective to reduce haze include tenperatures at which
the haze for the resulting lens is decreased by at
| east about 20% as conpared to a lens of the sane
conposition nmade at 25 degrees C. Thus, in sone
enbodi nents, suitable cure tenperatures can include
tenperatures greater than about 25 degrees C.
Specifically enbodi ments can include ranges of between
about 25 degrees C and 70




degrees C and between about 40 degrees C and 70

degrees C. The precise set of cure conditions
wobkemmesasure, intensity and tine) nmay depend epOASRIVG/048032

conmponents of lens materi a9 selected and, with

reference to the teaching herein, are within the skill

of one of ordinary skill in the art to determ ne.

Cure nmay be conducted in one or a multiplicity of

cure zones, and should pref egﬁgw be sufficient to
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combination thereof.

6. The method according to claim 2, wherein the predetermined threshold

comprises a threshold of detection of unreacted components and diluents.

7. The method according to claim 2, wherein said ophthalmic lens comprises a

contact lens comprising from 0 to about 90 percent water.
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13. The biomedical device of claim 2 wherein the effective amount of said

hydroxyl-functionalized silicone-containing monomer is about 5% to about
90%.

14.  The method of claim 1, wherein the ophthalmic lens is formed from a reaction

mixture comprising about 1% to about 15% high molecular weight hydrophilic
polymer.

15. The method of claim 1 aditionally comprising the step of forming the
ophthalmic lens by curing a monomer comprising of the group consisting of:
poly-N-vinyl pyrrolidone, poly-N-vinyl-2-piperidone, poly-N-vinyl-2-
caprolactam, poly-N-vinyl-3-methyl-2-caprolactam, poly-N-vinyl-3-methyl-2-
piperidone, poly-N-vinyl-4-methyl-2-piperidone, poly-N-vinyl-4-methyl-2-
caprolactam, poly-N-vinyl-3-ethyl-2-pyrrolidone, and poly-N-vinyl-4,5-
dimethyl-2-pyrro- lidone, polyvinylimidazole, poly-N-N-dimethylacrylamide,
polyvinyl alcohol, polyacrylic acid, polyethylene oxide, poly 2 ethyl
oxazoline, heparin polysaccharides, polysaccharides, mixtures and copolymers
thereof.



conbi nation thereof. 6. The nmethod according to claim
2, wherein the predeterm ned threshold conprises a
wohoeahed7d of detection of unreacted conponent 8CaUS2006/048032

diluents. 7. The nmethod accurding to claim2, wherein
sai d ophthalmc lens conprises a contact |ens
conprising fromO to about 90 percent water. WO
2007/ 075478 PCT/ US2006/ 048032 30 8. The net hod
according to claim2, wherein said ophthalmc |ens
further conprises a diluent and said nmethod further
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The nmet hod according to claim?2, wherein said
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of claiml aditionally conprising the step of form ng
iBe dpermsthiodiof claam@ vihereiu therfgstaqneme selnticoisheatsd trgaboht

the g isting of poly-Nvinyl pyrrolidone,
pon-R@g?ﬂqﬁ&glpiperidone, pol y- N-vi nyl -
caprol actam poly-N-vinyl -3-nethyl -2-caprol act am

9! y- li"hé’ hMod%T@E‘rnilwt%relmﬂé%f 8%?@§posmg said ophthalmic lens to a
poly- vi nyl - 4- - 2- pi peridone

pol y- Rirsy pmﬁouasqmqmon‘@rls@samra@g ﬁlmlens in the first aqueous
pol y- Dsiudighy ! - 3-et hyl - 2-pyrrol i done, and

pol y-N-vi nyl -4,5- dinmethyl-2-pyrro- |idone,
ponV|nyI|n1dazoIe pol y- N-N-di net hyl acryl am de,

po! yVviray lneaioa@ﬂeialm RS Wel stepFefposiig! sHRLIPHIHANRIC lens to a
oxi de o y tﬁy
fir eous solution comprises flowing the first aqueous solution over the

lens.

21. A method for releasing an ophthalmic lens comprising silicone from a mold
part, the method comprising:
exposing said ophthalmic lens to a first aqueous solution comprising
about 20% or more of a first release agent comprising 1,2-hexanediol; and
heating said first aqueous solution to which the ophthalmic lens is

exposed.

22.  The method according to claim 21, addionally comprising the steps of:



oxazol i ne, heparin pol ysaccharides, pol ysacchari des,

m xtures and copol yners thereof. WO 2007/075478
wOCHI7d$2006/ 048032 31 16. The met hod of cl ai mP2T1/US2006/048032

wherein the step of rinsing2the ophthalmc |ens

conpri ses exposing the ophthalmc lens three tines to
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PCT/ US2006/ 04803%1
comprises a thres
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old of detection of unreacted components and diluents.

27.  The method according to claim 22, wherein said ophthalmic lens comprises a

contact lens comprising from 0 to about 90 percent water.
28.  The method according to claim 22, wherein said ophthalmic lens further
comprises a diluent and said method further comprises removing said diluent

from said ophthalmic lens.

29.  The method according to claim 28, wherein said ophthalmic lens has a

functional size and swells during said diluent removal.
30. The method according to claim 22, wherein said ophthalmic lens is tinted.

31.  The method according to claim 22, wherein said ophthalmic lens comprises a

pattern of colorant.



renovi ng unreacted conponents and diluents from an
ophthalmc lens via the exposing of the lens to the
woi2nsto7sgeeous sol ution; and rinsing said opht rairmseo06/048032
| ens through contact with a second agueous sol ution
until said |lens conprises a |evel of unreacted
conponents and diluents that is below a predeterm ned
threshold.. 23. The nethod according to claim?22,
wherein the lens is exposed to the first aqueous
solution for approximately 20 m nutes or nore.. 24.
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citrate, sodium acetate, sodium bicarbonate or any
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further conprises r sai uent om sal d
opht hiaydnerhiliceppdymer9.  The net hod according to clai m 28,
wherein said ophthalmc lens has a functional size
and swel|s during said diluent renoval. 30. The nethod
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said ophthal mc l'ens conB[ises a .pattern of_ cal grant.
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polyvinyl alcohol, polyacrylic acid, polyethylene oxide, poly 2 ethyl
oxazoline, heparin polysaccharides, polysaccharides, mixtures and copolymers

thereof,

36. The method of claim 22 wherein the step of rinsing the ophthalmic lens
comprises exposing the ophthalmic lens three times to at least 35 ml of

deionized water.

37.  The method of claim 22 aditionally comprising the step of forming the
ophthalmic lens by curing a monomer comprising of the group consisting of:
N,N-dimethylacrylamide, 2-hydroxyethyl methacrylate, glycerol methacrylate,
2-hydroxyethyl methacrylamide, polyethyleneglycol monomethacrylate,
methacrylic acid, acrylic acid, N-vinyl pyrrolidone, N-viny!-N-methyl
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about 5% to about 90% 34. The nethod of claim 22,
woher7ai7su7Bhe ophthalmc lens is fornmed froma PCEASR06/048032
m xture conprising about 134% to about 15% hi gh
nol ecul ar wei ght hydrophilic polynmer. 35. The nethod
of claim22 aditionally conprising the step of formng
the ophthalmc |lens by curing a nononer conprising of
t he %ki%&d%‘m%%ﬁ NGO aceraRAS, N iKY IOMle Y laiia) 8-viny,
pol y eri1done, poly-N-Vin
capr Gormies, hpdrophikic yiny) sarbongs monamers a(myép%ré%raﬁtﬁ
poly; n\{»h{éyé hﬁ:’r@‘hmbxa%oloﬂé RhLHERAnd polydextran.
pol y- N-vi nyl -4- et hyl 2 pi peri done,
pol y- N-vi nyl - 4- et hyl - 2- caprol act am
320! Y e i ditidar o cﬁ'ixh)&lz'v@w?éiﬁ iRl firstQid@eoud B6lution is heated to about
pol y- N-V|nyI 4,5- dinmethyl-2-pyrro- |idone,
pol y\ORY PF AEazol e, pol y- N- N-di met hyl acryl ani de,
pol yvi nyl al cohol polyacrylic aci d, polyethylene

oxi de, pol 0Xazo
B e 7, G e B SRR i opypamic ens 0
copol fitsRigaeous Belutiod condifiised emeansing ok lofis ioltld firsR@queous
mherelggghe step of rinsing the ophthalmc |ens
compri®8¥8™exposi ng the ophthalmic lens three tinmes to
at Ieast 35 m of deionized water. 37. The net hod of

ai naII ' :
fhe b5t s Rin 2 RN 550 BpSh B opkdhiens o
t he gimqmumspmmmgomﬁnsemﬂmmm fitst agpegPsespiution over the
2- hy g&gyethyl net hacryl ate, glycerol nethacryl ate,
2- hydroxyet hyl methacryl am de, pol yet hyl enegl yco
nononet hacryl ate, nmethacrylic acid, acrylic acid,

vin regf | risiR sARA¢ GrbadyBold
Mo gl 50anRs Nl TR MR ARG &
acet amrgthe methedsampdsinghy | f or mani de, N-vi nyl

for mam de, exbydh Q&I’U b]!)lﬁhéﬂnli&’lbns?t@ratmﬁt&h%dm KOl 615 condpridiitg
carbamate nonone

ilic oxazol pne
2nd. Dol PR BTk D TS ol Br RSB SR ATES TEPED A and
the first @gﬂ@g)sasd f6t sduedis dotutivaad etichaheadphitialmB&hsis
nore. 39. The nethod of claim 22 wherein the step of
exp03|n§x§§Fg ophthalnic lens to a first aqueous
sol ution conprises imMmersing the lens in the first

%ueoﬁe method according to claim 41, addionally comprising the steps of:
removing unreacted components and diluents from an ophthalmic lens
via the exposing of the lens to the first aqueous solution; and
rinsing said ophthalmic lens through contact with a second aqueous
solution until said lens comprises a level of unreacted components and

diluents that is below a predetermined threshold.

43.  The method according to claim 42, wherein the lens is exposed to the first

aqueous solution for approximately 20 minutes or more.

44,  The method according to claim 42, wherein said first liquid, said second

liquid, or both comprise a buffered aqueous solution.



solution. 40. The nethod of claim22 wherein the step
of exposing said ophthalmc lens to a first aqueous
weabartaresconpri ses flowing the first aqueous SOTWSR@G/048032
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bens The ethod a6aUiping EPSaith 41, MiRRln SWloftAhImBERON tinted.
further conprises renoving said diluent
51. The method according to claim 42, wherein said ophthalmic lens comprises a

pattern of colorant.

52. The method of claim 42, wherein the ophthalmic lens is formed from a
reaction mixture comprising a high molecular weight hydrophilic polymer and
an effective amount of an hydroxyl-functionalized silicone-containing

monomer.

53. The biomedical device of claim 42 wherein the effective amount of said
hydroxyl-functionalized silicone-containing monomer is about 5% to about
90%.
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claim42 aditionally conprising the step of formng.
t he ophthalmic lens by curing a monomer comprising of the group consisting of:

N,N-dimethylacrylamide, 2-hydroxyethy! methacrylate, glycerol methacrylate,
2-hydroxyethyl methacrylamide, polyethyleneglycol monomethacrylate,
methacrylic acid, acrylic acid, N-vinyl pyrrolidone, N-vinyl-N-methyl
acetamide, N-vinyl-N-ethyl acetamide, N-vinyl-N-ethyl formamide, N-vinyl
formamide, hydrophilic vinyl carbonate monomers, vinyl carbamate

monomers, hydrophilic oxazolone monomers and polydextran.

58.  The method of claim 42 wherein the first aqueous solution is heated to about

90°C or more.

59.  The method of claim 42 wherein the step of exposing said ophthalmic lens to a
first aqueous solution comprises immersing the lens in the first aqueous

solution.
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whereQHSthe step of exposing said ophthal mc Iens to a

first aqueous solution conprises imersing the lens in

the first aqueous solution. WO 2007/075478
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wherein the step of exposing said ophthalmc lens to a

first aqueous solution conprises flowing the first

aqueous sol ution over the |Iens.



