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BACKGROUND OF THE INVENTION

and
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1. Field of the invention

The present invention relates to devices and

methods of improving a patient's vision. In

20 particular, the invention relates to improving vision
of a patient by placing a corrective ocular device
between an epithelium of the patient's eye and the
stroma of the cornea of the patient's eye. The
corrective ocular device may be a lens, including a

25 corneal onlay. The corrective ocular device may have
a preformed epithelial cell layer secured over the
device when placed on an eye of a patient. The
preformed epithelial cell layer may be synthesized in
vitro or the preformed epithelial cell layer may

30 include at least a portion of the patient's corneal

epithelium.

2. Description of related art



2 The cornea of the human eye provi des between

approximately 60 and 70 percent of the focusing power
wo@Rooheioaye. As understood in the art, |enses PEHUR®0S028657

placed in proximty of the cornea to augnent the

focusing capabilities of the eye. Exanples of vision

correction | enses include corneal inlays, which are

i mplanted within the cornea, corneal onlays,, which are
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that are placed over the corneal epithelium 15 .
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Qolay to facilitate cell mgration over the onlay and

attachnment to the
Because corneal onlays are placed on a

deepithelialized cornea, it 1is necessary for the
epithelium to be replaced over the onlay to prevent
damage and infection to the eye. Epithelial cells
20 develop from the corneal limbus and migrate over the
eye. Unfortunately, many materials from which
existing corneal onlays are manufactured from do not
effectively promote epithelial cell growth and
migration over the onlay.
25
Some attempts have been made to create corneal
onlays that attempt to improve the migration of
epithelial cells over the onlay. For example, U.S.
Patent No. 5,171,318 discloses the use of fibronectin
30 disposed over the surface of an onlay to facilitate
cell migration over the onlay and attachment to the
onlay. U.S. Patent ©No. 5,713,957 discloses non-

biodegradable non-hydrogel corneal onlays having large



onlay. U S. Patent No. 5,713,957 discloses non-

bi odegr adabl e non- hydr ogel corneal onl ays having | arge
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periphery of the onlay, which arg intended to

facilitate securenent of the onlay to the eye by
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may be obtained from donor tissue, such as fetal or
embryonic tissue, or autologous tissue biopsies of
20 corneal epithelial cells. The corneal onlays which
require epithelial cells to migrate over the onlay
surface fail to provide satisfactory coverage of the
onlay with the epithelium. For example, when
epithelial cells are required to migrate over corneal
25 onlays, the epithelial cells may not differentiate
fully. Moreover, as the epithelial cells migrate,
there may be a tendency for the epithelium to grow
under the corneal onlay placed over the eye and cause
the onlay to be dislodged or encapsulated. In
30 addition, the recovery time for the epithelial cells
to grow and migrate over the onlay is prohibitive and

contributes to the undesirability of these approaches.



under the corneal onlay placed over the eye and cause

the onlay to be dislodged or encapsul ated. In 30
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to grow and mgrate over the onlay is prohibitive and

contributes to the undesirability of these approaches.
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SUMMARY OF THE INVENTION

20 The present invention is directed to a corneal
appliance or ocular device that is structured to
improve a patient's vision, and methods of improving
or <correcting a patient's vision. The corneal
appliance has a lens or a lenticule, and a layer of

25 epithelial cells disposed over the lens.

In one aspect, the epithelial <cells may be
derived from autologous stem cells, or in other words,
from stem cells obtained from the patient receiving

30 the corneal appliance.

In another aspect, the epithelial cells may

include at least a portion of the patient’s corneal



derived from aut ol ogous stemcells, or in other words,
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corneal appliance. The stemcells used may include
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culture, or may be epithelial cells of the patient
receiving the corneal appliance. The stem cells used
may include corneal limbal stem cells, or may be

20 exclusively corneal limbal stem cells.

A corneal appliance, as disclosed hefein, may be
manufactured by a process comprising steps of
culturing stem cells until at least a fraction of the

25 stem cells have differentiated into corneal epithelial
cells; and applying a plurality of cells obtained from
the culture over an anterior surface of a lens to form
a layer of epithelial cells that are fixedly secured
over the lens before the lens is placed on an eye.

30

In addition, a corneal appliance may be obtained
by a process of inserting a lens underneath an

epithelium of an eye substantially without exposing or



a layer of epithelial cells that are fixedly secured
over the lens before the lens is placed on an eye. 30
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of an eye substantially w thout exposing or WO
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The cells of the appliance may be derived from

cultured stem cells that are grown in vivo or ex vivo.
For example, the cells may be cultured in a culture
dish, and then transferred to the lens. The cells may
20 be transferred in a suspension, or as a layer of
cells. The cells may be cultured on a surface of the
lens. For example, the cells may be cultured on a
lens positioned in a lens mold adapted to provide
conditions suitable for culturing cells. Or, the
25 cells may be cultured on the lens when the lens is
placed over an eye. The cells that are applied to the
lens may be stem cells, a mixture of stem cells and
differentiated epithelial cells, or differentiated
epithelial cells without stem cells.
30
The epithelial cells of the corneal appliance may
also be part of a layer of corneal epithelium of the

patient receiving the appliance. For example, a layer



25 cells may be cultured on the lens when the lens is
pl aced over an eye. The cells that are applied to the
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differentiated epithelial cells,7or differentiated
epithelial cells wthout stemcells. 30 The epithelial
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a suspension of stemcells over the lens body. In
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the g¥gforn?ed layer of epithelium that is located in
proximity to where the layer of the epithelium begins
to separate from the Bowman's membrane or stroma of
the eye.
20
Any feature or combination of features described
herein are included within the scope of the present
invention provided that the features included in any
such combination are not mutually inconsistent as will
25 be apparent from the context, this specification, and
the knowledge of one of ordinary skill in the art. 1In
addition, any feature or combination of features may
be specifically excluded from any embodiment of the
present invention.
30
Additional advantages and aspects of the present
invention are apparent in the following detailed

description.



Any feature or conbination of features described
herein are included within the scope of the present
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such conbi nation are not nutuallyg inconsistent as wll
25 be apparent fromthe context, this specification,
and the know edge of one of ordinary skill in the
art. In addition feature or _conbi nation of
feat ur es PREEE RESCRIPTION QF JTHE, FIGHRES f r om any
enbodi nent of the present invention. 30 Additional
advant ages_and aspects of the present invention are
apparent FFCthé o3| ow HpaFeraitfed® FESEAPRRLoVieWp of @
20041024035, LCT/ US2003/ 028657 8 BRI EF DESCRI PTI ON OF
THE FIGURES FIG 1 is a diagramof a sectional view of
a 5 human eye. FIG 2 is a diagramof a magnified
sectional pyceve 0 & hgi£ordied o whgnheidd S¥&:dnafl Giew
1. 10 FIG 3Ais a diagramof a front plan view of a
cor n®dl thppFeiifde CfashfelerahEgehefef Ho- FI-G 3B is a
sectional view of the corneal appliance of FIG 3A
15 FIG 4A is a diagramof a front plan view of a
I’8ns usedfFh- adBorfed ARAFGTENCE, astouscrPby RePei Al 2
FI G 4Bnks1 aagiecldnenal a¥i @ ofivkhentgasm of FIG 20
4A. FIG 5H5A is a diagramof a magnified sectional
view of a deepithelialized cornea.

FIG, 3B is a sectional view of the corneal

appliance of FIG. 3A.

15
FIG. 4A is a diagram of a front plan view of a
lens used in a corneal appliance, as described herein.
FIG. 4B is a sectional view of the lens of FIG.
20 4A.
FIG. 5A 1is a diagram of a magnified sectional
view of a deepithelialized cornea.
25 FIG. 5B 1is a diagram of the deepithelialized

cornea of FIG. 5A with a corneal appliance placed over

the cornea.

FIG. 6A is an illustration of a front plan view
30 of an eye in which a preformed epithelial cell layer

is formed as a flap.



25 FIG 5B is a diagramof the deepithelialized

cornea of FIG 5A wth a corneal appliance placed over
wo b@soptopea. FIG 6A is an illustration of a fPORNUSPLREIRS6ST

view 30 of an eye in which a preformed epithelial

cell layer is forned as a flap. WO 2004/ 024035

PCT/ US2003/02835 71 s 92 FkGct 66hd 5 di&eChi onak ‘lyewod FIG.

the eye of FIG 6A. FIG 6Cis a sectional view

simfPar to FIG 6B in 5 which a | ens has been pl aced

on the deepithelialized eye and the preformed |ayer

of epithelium has been | aced over the_l ens. El G

is an il |Rf&tr &Fi é8 8f sﬁcgi“%ﬁ‘ﬂl ol Frdntadotor e ¢

i Woi £hh a2 PLeh O RBY eREhhgliakqcehl Hh@yefeepllﬁhfamiﬂﬁdzed
as a pocket. FIG 7B is a sectional view of .the eye o

of
Fl G eYgAangs theg PrREGEeyd sEaYsHnaF \APAWET iff atds, Peen

FI G p78dd ovihi €he 21d:2NS has been placed in the
pocket FIG 8Ais an illustration of a front plan

view 20 of an eye with a relatively |arge incision.

FIG 8B issi Ma afst on Fh G udérariln assnal fednt plan view
incision. 25 FIG 8Cis simlar to FIG 8B wth

a
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FIG. 7B is a sectional view of the eye of FIG.
A,
15
FIG. 7C is a sectional view similar to FIG. 7B in

which a lens has been placed in the pocket.

FIG. 8A is an illustration of a front plan view

20 of an eye with a relatively large incision.

FIG. 8RB is similar to FIG. 8A with a smaller

incision.

25 FIG. 8C is similar to FIG. 8B with a smaller

incision.

FIG. 9A 1is an illustration of a front plan view
of an eye with a relatively small incision in the

30 epithelium.
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simlar to FIG 9A in which a fluid injector is
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deliver fluid therebeneath. 5 FI{§ 9C is a sectional
view of the eye of FIG 9B after the fluid has been

deli veredrbeneathishe vepit kehiugy E&GriOD 8 @n which a
sectignal viewsimlar to FIG 9Cin 10 which a |lens
has Be&hdi ndBLCERT befeat s thPefigtiRedtiepiafidl oy 2| fthe

| ayelepikh&l i dAJ Sedifepntlplanneireveiaan eye having
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15 portion. FIG 10B is a front plan view of an eye
having a reentsaliepl thaliiahaingisions 2% RYG EOGIES 9B
a front plan view of an eye having an offset

epi t REAtREl ithei sifdRIY FI B25 10PePR adelbfrres afopicaRr the
sim legyiche1bhks 10C in which an offset incision is

used to formtwo flaps 25 with offset hinge portions.
FIG 10Eis a front plan viewsimlar to FIG 10B in

which a ceftrabpepd theldalidnRgi $hen &sniised to e Moc in
two flaps with offset hinge portions. 30 FIG 11A is

af i ISP a1 i SANDF NAST rRRRD plBRCTIE PBRea: efe BEAACFHSD
an ofdseheepii haliiahaigei sion. WO 2004/ 024035

PCT/ US2003/ 028657 11 FIG 11B is a sectional view of

the eye of FIG 1 1A

FIG. 10A is a front plan view of an eye having an
epithelial flap with an superiorly located hinge

15 portion.

FIG. 10B i1s a front plan view of an eye having a

central epithelial incision.

20 FIG. 10C is a front plan view of an eye having an

offset epithelial incision.

FIG. 10D is a front plan view similar to FIG. 10C
in which an offset incision is used to form two flaps

25 with offset hinge portions.

FIG. 10E is a front plan view similar to FIG. 10B
in which a central epithelial incision is used to form
two flaps with offset hinge portions.

30
FIG. 11A is an illustration of a front plan view

of an eye having an offset epithelial incision.



FIG 11Cis an illustration of a perspective view 5

of a folded Iens configured to be inserted in an
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perspective view of a folded lens in which the |ens
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posteri.or ortion, 25 FIG 12E is a magnified

sect ieé’r‘rﬁlhe&gégiv bFCUt%8dge of an onlay lens in which

the edge is simlar to a knife edge. 30 FIG 13Ais

an illustration_of -a front. plan view of an onlay |ens

struct uredfo ¢&Pr &8t 2Rnt U GREPENPIVD POBAPTILGSS view

PCT/ URQ0FHN2865T end 2i ir | kb i k3B HeS 12ngeeki @fdley i LW its

an onlay .lens simlar to FIG 13A in which the

pdst &% "Sur f ace of the lens includes a torus. 5

FIG 13Cis a sectional view of an onlay lens simlar

to FIG 13A in_which the anterior, surface of the |ens

i ncl udes ngoréga is an illustration of a front plan view

of a corneal onlay lens.

15 FIG. 12B is a sectional view of the lens of FIG.
12A.

FIG. 12C is a magnified sectional view of an edge

of an onlay lens in which the edge is rounded.

20
FIG. 12D is a magnified sectional view of an edge
of an onlay lens in which the edge includes a rounded
anterior portion, and an apex on the posterior
portion.
25
FIG. 12E is a magnified sectional view of an edge
of an onlay lens in which the edge is similar to a
knife edge.
30 FIG. 13A is an illustration of a front plan view

of an onlay lens structured to correct an astigmatism.



DETAI LED DESCRIPTION 10 As illustrated in FIG 1, a

typi cal human eye 10 has a lens 12 and an iris 14.
weomber4085 chanber 16 is |ocated posterior toPCT/US20031028657

and anterior chanber 18 is |ocat2d anterior to iris

14. Eye 10 has a cornea 15 20 that consists of five

| ayers, a¥dI@iscilssetls her elertiond ofievheod ayer snlay lens

corneal .epitheli 22,..li.nes. th nterior exteriar

surf§§€u§§E0%§n§§EEOa3éo%ﬁeg lcgpFﬁﬁeP?ﬁﬁ?ﬁﬁ?ﬁsf%fface of

st r atibfel dénsqimcbuisepi theksum that extends laterally

to the linbus 32. At |inbus 32, 20 corneal epithelium

22 becones thicker and less regular to define the

cénj unct i ¥aG34.1F Gis 2ai Ideustivabes vdewragt f aed ovileyw Qkns

the fj.v | ayer nea 2Q.. i.cally, cornea 20
conprglléngslarzéocgb}lggéaﬁ%r@piJt”he"l' ]Uc%y%f,e B?i%/ﬁ%?% b RGRe OF
24, dtheoiren26indasteet tsruenbrane 28, and endot hel i um
30. Corneal epithelium 22 usually is about 5-6 cel
| ayers thick (approximately 50 m croneters thick),
and genePBAFAYLER (EISORIPESOMNeNn the cornea is injured.
Corneal epithelium 22 provides a relatively snooth
refractive surface and hel ps prevent infection of the
eye. Bownar' dliesbrainel 24 |FEs bet veeryEipiaihelindm 32e 10
and the stronma and is believed to protect the WO ,
2004?“6‘546‘3%%&#%5@6 37%?8%@7%413 %‘8??85“?? oTHa e ¢ & 1S
Cor néalcastdompas26risr atb afrhat ed a%dr WHHEE00f chamber 18
col I agen whi.ch contains cells, such as fibroblasts
and %era9§5§F§an5F§b%?sE% fﬁ%?e?%: §V?oﬂ§ %GS a cornea
agenstiot uthes aﬁmuﬁsﬁ@@bﬁff&hé EQ?@Q@J &s t Bl &kBSS. herein.
Cbrn%@k %QQOEHglﬁ%gg%g,t%gég@giyebftﬁglium 22, lines the

anterior exterior surface of cornea 20. Corneal

epithelium 22 is a stratified squamous epithelium that
extends laterally to the limbus 32. At limbus 32,
20 corneal epithelium 22 becomes thicker and less regular

to define the conjunctiva 34.

FIG. 2 illustrates a magnified view of the five

layers of cornea 20. Typically, cornea 20 comprises

25 corneal epithelium 22, Bowman's membrane 24, stroma
26, Descemet’s membrane 28, and endothelium 30.
Corneal epithelium 22 usually is about 5-6 cell layers
thick (approximately 50 micrometers thick), and
generally regenerates when the cornea is injured.

30 Corneal epithelium 22 provides a relatively smooth
refractive surface and helps prevent infection of the
eye. Bowman's membrane 24 lies between epithelium 22

and the stroma 26 and is believed to protect the



nonol ayer of | ow cuboidal or squanous cells that
dehydrates the cornea by renoving water fromthe

W@ 00a82403AN adul t human cornea i s typically abptit/uS03/028657
pm (0.5 mm thick and is typicalil3y devoid of blood 10
vessel s. Linbus 32, showmn in FIG 1, is a region of

transbbh&NsLvhier enfOfea beERMMS stebRhaz6and a laminated
conjunctiva. Linbus 32 contains stemcells, ich are

15 cSpaPFETt aff feROrat g CPnt S EorREal CpiSrhef il 25

cel | sivasonass | begdher @eRatdrgesneal dappéisance Ghehasn.
been inventeg6 as illustrated in FIGE 3A that is
st ruSthPBY t 6°heCoRBtHIHESd APeHta 8&pi Cfel ithei z&grneal

eye aRdckhads genecakh¥atoidosBS1 Bun €139 4@ypnearly ayer a
of epithelium70, qor a |ayer of epithelial cells,
| ocaf'8ROTRERT t IRF | f.  cEBPiRA SPpl gHRROBY jells that

strugkHy@eatds aldmRy thench oadisi N@moaRARi | Wit&es ofrod the
patients eye, and 25 preferably, the corneal _appliance
is sFPEE?%redAPoadPﬁBrBV@a%iEQQH?%ﬁlﬁa?%ﬁ¥99%9¥ @5PREAPO0

appl hanc® .60 m®) ikRterdedat o Perpbasad OV@Evatid of blood
deepithelialized cornea of an eye, and accordingly,

¢8r n@5FSapP1 i ance 60 may be a corneal onlay. Cornea
appl i ance 60 includes a 30 |ayer of epithelium 70

whi ch reduces the healing tine _of a patient required

after surfErus asZconpaf® ti¢ EbFnedl’ orfay? WK™ of

dependafpitehd eganeil i Oro2Ada M PEAd& Ofsclera, and
epithelial cells over the corneal onlay WO 2004/ 024035
PCT/ GS20BRF 08657 LHWUSf t38r SPREREND| $edY RSt Hdieheare

1B addpbbod, the qirmfenrestiayerineb epbthedi unpithelial
provi des nore unifqorm_epithelial coverage over the

cor n€&§148 cRRpiassFipgd herein.

A corneal appliance 60 has been invented, as
illustrated in FIG. 34, that is structured to be

20 placed over a deepithelialized eye and that generally
comprises a lens 40 and a layer of epithelium 70, or a
layer of epithelial cells, located over the lens.
Corneal appliance 60 1is structured to alter the
focusing capabilities of a ©patient's eye, and

25 preferably, the corneal appliance is structured to
improve vision of a patient. Corneal appliance 60 is
intended to be placed over a deepithelialized cornea

of an eye, and accordingly, corneal appliance 60 may

be a corneal onlay. Corneal appliance 60 includes a

30 layer of epithelium 70 which reduces the healing time
of a patient required after surgery, as compared to
corneal onlays which depend on the regeneration and

migration of epithelial cells over the corneal onlay



conventional corneal onlays. 5 As disclosed herein,

the epithelial cells located over the |lens nay be
wo@bioaiozweas from t he patient receiving the corneEi/US2003/028657

appl i ance, and may be derived fromstemcells of the

patient, such as linbal stem 10 cells, which may be

cul tgred | it Viikr olakedefdnia thee égyer dn epdditeldnym the

of the appliance. Autol ogous. stem_ cells contri bute.%o

r edUREREGTHSINSGERT c PEy SBEpReH it AR VERES pRPFEnpttorm

recebyitigliine apprdanze 86c£0MPAr etbrir2a Casnesimpamkdysto

that utilize non-autologous sources of 15 epithelial

cel | SONGRIHCRE L PO b PIAVE - or fetal tissue. In

agldi ti on, use of patient-specific stem cells reduces

t he anmount of, biopsy tissue required faqr, _corneal

onl ays usthdmgles&dohedrtter BN i%RJet&le?LéBth ﬁgﬁiﬁl located

cel | sve20 ¥d ernalsi valay, bbBe bBy&£ingf epiokhelthal getient

may be fornmed by detaching a_portion of a patient's,

epi t RePFHM o &F aF@rﬁﬁa%pi%PﬁéE?ré‘Te'flﬁrbdt cfn gerived

resegtefl apsemt kenipl agedackaover,a sehnes DihEYL 25ten
after the onl ay has been pl.aced over the e

; ye. The,
thici SPOFS ar Bk t RRY f PEp T B8 néRd et [EWerta hge%]rﬂeay?he
as diggassed der@idliuto ofBikAkabfplghdNl ayautdldgous stem
desired position over the eye. The prefaorned | ayer  of

epi t RBH 2l SRRTYRy T sebEed pBRETUIFTOICie S3gerionced
pati gpt tHe CpaPeht epbtdplingmiRatapghasahesnasepanphest to
fromthe under]yi ng Bowran' s nenbrane or corneal

str o erhe PREGT nERPT ayetl iRy R -SLHar e f FOHTEHe ©F

Wodeebyimdh iGar neah 1§} r UGidir essW fon0r ebtonic Myd ngetal

WD 2004/ 024035_PCT/ US2003/ 028657 _ o
tissue. In addition, use of patient-specific stem
cells reduces the amount of biopsy tissue required for
corneal onlays using mature or differentiated

epithelial cells.

20
Alternatively, the layer of epithelial cells may
be formed by detaching a portion of a patient's
epithelium to create an epithelial £lap that can be
resected and then placed back over a corneal onlay
25 after the onlay has been placed over the eye. The

incision around the flap may be mended over the onlay,
as discussed herein, to maintain the onlay in a
desired position over the eye. The preformed layer of
epithelial cells may also be a portion of the
30 patient's corneal epithelium that has been separated
from the underlying Bowman's membrane or corneal
stroma. The preformed layer may be separated from the

underlying corneal structures with or without making



15 an epithelial flap, depending on the particul ar
enbodi nent of the invention. For exanple, an incision
woreop4lostoande in the epitheliumto provi de acceRGT/US2003628657

regi on between the epithelium ants Bowran's nmenbrane. 5

The epitheliumcan be separated from Bowran's nenbrane

by i rarrochmjt&ngl!aaSepaitapor daseudiihgt heori ncitsd onparfieular

separa surgi cal .devic i ncl ude, _a

subst é[%celinﬁ A can l'be l?nnj S en- thSSEgﬁx?’erl?’nc‘?%l%’l’Flsmn

The sepatet ondef fecthe etyitsendiat es phevep tawidssmedO the
t ficantl dana N

Egomr%%%n Sertgv%ggr I’lllee V\é :&%[eh,é_SI gni at]%ﬁ,qu% rane.

enablThea epéltaéli/lﬂﬁ ycaYnEH)d i‘eﬁaﬂaﬂlehe flﬂ&deBbmﬁo‘Verna'nﬂbrane
menbr.ane, W t ut substanti al l

y_damagi ng Bowran' s
e e RCER Ny f REPTTT e BIREHe et R LPRns The
15 OWEmaEhEOStmGyHb@ndinﬁyr¢ﬂdﬁﬂﬂdﬁfm&£ s phgly aRdclude a
satlsf C h ng_of .t he, eye Tecorrectlve
ocul ar %gew éc(% %gﬁ%hggg £ ot hEEaE SN Ry Oy Hfentisd sion-
i nsertthed lsepamtrbﬁ heaféplctlneéljum s?dtmraﬁwantlseh ﬁleé'ﬂliftaal’éﬁ.lum
va e in this enb nt,teepltelu
30" e ctivFER ' F omBRbFASF | GHEADAT 1 81 OF HERATH GPTPRdn
ocul aarowdxam'eemeahdam sal i gpwesnrtr, praty e%paﬁﬁatltd}e @ﬁ%l al.so
deV|ce e reduce er thing the | ens
is il % Fnéd 5 glgéggtgﬂ?iglFﬁt %?eg Sp8efei g SPvERD'S

eye mehmbtrbue, t owathems, babsexadipllay a &ubgtiagt | adwhan's

25 |de ical le that is ace an eye so

t he 8%?58?1uWﬁfgthaﬁlF@&ghbt?%ﬁeﬂ%?%ﬁq§35nd°%1BP%téens

a‘aer ovfehre keas. sThend ensdd0 maged pirBnéed NedreaplapdBCceand
30 fabrlcraLted fromany suitable materi al

that %lsgﬁ?‘f"% | VSE-&BF tOF petii t WPght tBpe corrective

tranmﬂéﬂéddbﬂlce, such as a corneal onlay, may then be
inserted between the epithelium and Bowman's membrane.
Advantageously, in this embodiment, the epithelium is
20 not required to be realigned after insertion of the
ocular device, and misalignment problems of the ocular
device are reduced. Among other things, the lens 40
is maintained in a substantially fixed position on an
eye relative to a lens, for example, a substantially
25 identical lens, that is placed on an eye so that the
epithelium is required to regenerate and migrate over

the lens.

The lens 40 used in corneal appliance 60 may be

30 fabricated from any suitable material that is
optically clear to permit light to be transmitted to
the retina of the eye when corneal appliance 60 is

placed over the eye without compromising the ocular



the retina of the eye when corneal appliance 60 is

pl aced over the eye w thout conprom sing the ocular WO
WQd40D@a035 PCT/ US2003/ 028657 16 physi ol ogy BET/UBI03/028657

eye. Lens 40 has an anterior sutéace 42, a posterior

surface 44, a peripheral edge 46 disposed at the

j unctihveiofoant e¥f othsuréyee 42Land 4OSthesi oin Swritaedor

44, id.lustnat ed | nd 5 4B. Anterior
sur f Zs?éjflffgi ézfygi gg?icgg/k%vgfé@r%%coe %%st%r?%ﬁlpgﬁrfécgdge
44 | & yWiispaksk¢ sbntay ejutwbneeebf antbei@osseffaae 42 and

surf I ' u 0 Qr .nore apar _portions
or 53%%5g2¥?90§8ﬁ%€& eggbbggaﬁgﬂgfﬁﬁatéﬁeﬂﬂw?gf%hsggoand
may &Bso i nBhirieican eptfaceone 48sanq;p1:'&aalpgr%¢1hw;<al and
zone |.cal | pti.c zone 48 i bounde y
per | E%g}tggﬂz}%n?%%?cgr 4 (lagheryp\%:raé%y c(?ﬁf:lagemﬁ’é"”‘leger'
genertdlel ypesmmiall ysumfeatednaboalsan in@:ﬂhﬁéabn@gl &t more
such c | _optical axis, of the Ilens an .
periﬁﬁ%?g o%%ﬁgﬁgiérdggﬁoggﬁsbePﬁegﬁyaﬁm15§gH§€n5ﬂally
opt i ®lzone. 48Lansl & mpherlalo edgeuéé.anAqﬁﬁjgd gjw!e ﬁB and
ne onfiqurations, ma proyi.ded wit ,
?ﬁe %eﬁ%gﬁéggﬁéﬁngkﬁ% the paﬁpﬁﬁ%ﬁgﬁy’vpgﬁéF zone 48 is
def i bioendgdexper pentgtkray t hengatsiogntor | in adethdt Omprds,
the | S haye junctionl ess zones, such 20 as two
or 1o gigon%%yet hg%[ ddenre}clf ELtg%lveceéllt\ﬂagl'eﬁél I]V’C&Feg about“an
opt i oakligatietets abbeclh uast horenthel zepescof &Jlaﬁs, of the
| ens Y. oth _and contipyous, apd the | enses
may énggtaf'g‘% ??/ lc})p}ielrr?lgze%or}eo g rﬁ?ctgh%ﬁosﬁ‘ﬁ yb?tween an
ief r adgeveoér r opsic butommd sod®t heid opdéiprkerl at kags ofe.

20 UiBaEKeoRtt) o e OBt colodevics ndepencent 101
undepstuvbdedy wichsorise skeht edidpentiirgardn teas AQtABMlar
visual deficiency experienced by the patient. In
addition, the lenses may have junctionless zones, such
20 as two or more zones that do not have a visually or
optically detectable junction. The =zones of the
lenses may be smooth and continuous, and the lenses
may be optically optimized to correct not only
refractive errors, but also other optic aberrations of
25 the eye and/or the optical device independently or in
combination with correcting refractive errors. As
understood by persons skilled in the art, lens 40 may
be structured to correct visual deficiencies
including, and not limited to, myopia, hyperopia,
30 astigmatism, and presbyopia. The lens may correct or
improve visual deficiencies by either optical means or
physical means imposed on the stroma of the eye, or a

combination thereof. Thus, the lens 40 of corneal



be structured to correct visual deficiencies

including, and not limted to, nyopia, hyperopia, 30
w@swugrmsi sm and presbyopia. The | ens may corPEDUSIN3/ 028657

i nprove visual deficiencies by either optical neans or

physi cal neans inposed on the stroma of the eye, or a

conbiamﬂlancéhmemfa Teusy mdsr&aﬂcems 4@ref oraneahl dM@ocal

2004/024035 P U32003 8 appl i ance 60 ma
a mondtoeal THEmEe %‘PP 0 éf“ltﬁgg%n' i ﬁcI]‘t}-dfi-ol‘?@‘X 1ens.

W t haut  &did tiadn Orbr aabttefmaallvbeps. then 126di t40MmaPrbe a
alternatlv I the ] ens 40 be toric |l ens, such

as t 4N ?’Fl’ugflf"gt 24 )Tz'lkhe ?%%5 ]fgﬂs%ai%‘% o G332,
Fer elxmrplamd tise .| e rd@xemylé NCLhsleléns L4 ikay e.lg'lcQﬂde a

o] ff when placed on an eye w
an as Ordr?at’%/egrh%flg 485% Ié\é]? %?yrggusgg?ﬁ%lveef"f%{é’wed on

the astigymtivsth Ehe dseAgmdOidgmytonebudecd okOrde@uce the
reglo gialogaggd on f he posterlor surface 44 10 of
S

the 1% Ro@Rt19aELEm - 1380 or Shhe Y PRy 4clndy 2

i ncl ugeria t¥dion egaon AJBeHOGA! ethedpd St rARk-eldu@face 44
28 shown in FIG 13C__Advant ageously,

f
Sl(lé{l gc ﬁ)se iy Be LPssecFIWWf‘hdﬁt El&quilrtng X kel dsps 40

to maiayt dinklpEeper tel’:i@nfé:ljlldﬁn 40f3 ubeaté@So@ntﬁJl&arﬂ;\é&lor
may narelatlvelyf|x

15 th
pos?ltsiq% et‘#e’nzﬁFt hsé’iowf}mld’f IFE% applFir anc AV RphRaRAUsS LY

a ba|’do&ib Meghse pragvimteduddd destHRf. ddypGeihgi B ballast
embodi nent,s, the | ens 40 naﬁ i ncl ude a_ball ast, such

as a Pr it PIRRGT | AEIRIHE e GF ﬂ’ﬁ’ree leRsnead the eve

negi arisceSuthe as edBe My MBee hdfEer iar ANHQLtSYRLY | Fixed
thin zon ses confi, gur ed to correct

s. Inle (
pr esBySHEa°"t E@ FERsSREYSHTMuGE SRE 8PPhbRRCtesitifrever,
such aasbedngent hag, WS PPesviddei therdeaitrtBdposi thVeertain

embodiments, the lens 40 may include a ballast, such
as a prism, or it may include one or more thinned
20 regions, such as one or more inferior and/or superior
thin zones. In lenses configured to correct
presbyobia, the lens may include one or more designs,
such as concentric, aspheric (either with positive
and/or negative spherical aberration), diffractive,

25 and/or multi-zone refractive.

In certain embodiments of the corneal appliance

60, the lens may have an optical power ranging from
about -10.00 diopters to about +10.00 diopters,

30 although other optical powers may be provided, and
such other optical powers are within the scope of the
present invention. Typically, a lens of the corneal

appliance will have a diameter between about 6 mm and



and/ or negative spherical aberration), diffractive,
25 and/or nulti-zone refractive. In certain
wepdvati24oent s of the corneal appliance 60, thePCEOS2003§28657
have an optical power ranging fisom about -10.00
di opters to about +10.00 diopters, 30 although other

opt beaht Paversn My Hhe fravlded thandilame(tlarotd’ferthe lens
opti cal ovvers are W th| the s

f t
i nvERLEoRe RSPIRER 13P°% | eﬁ@ 8]?30 © rneé‘]m e%’l%r]a Eie

Wi | Lohave,@ dhametes beyywean 1gbatdndesmtang ABout 5 to
2004/ 024035 PCT/ US2003/ 028657 18

boyt 12
PrefePabl y1 FRe @PEnBEEFeTH yhera1ng%§o%vrvlofnl agénuBeFV\%nto

aboulodt Me angh, abont EQmaeer The urptai Copiziane zohet hey be
l ens typically ranges from about, to ab

ut
and PEPELERRLPY rSNgES fitsm £08 1 (SO aHCh: Hxgace
in QJfalggge[ens'ljhe optic zone may be provided on either
the anterior or posterior surface of the lens. The
posterior surface of the lens 40 is to specifically

confi gur edet oéawl&&&aaki alshyfaté gnowi t ithet helant er d@r is
surface of a dee

pithelialized eye, Thus, ..the .
BosteCHELsat acCBEIPHES erfe 4% E/ari&%fﬁll}é'e BHEI™ o ith
mor & 1ePhekkeedbr Obuaspberdcal d&e@semabmmsmmdw @ebasa'hus,
curve that ranges fram about mm t o _about

15 itfhediRartediOrprarérasl 91t rtBFn &ﬁ&ﬁt 8 F4¥m Jtn(:luk%lce)utone

9. 0 o MRor@ndgrai-echi eber @@ék}é:ﬁb@mt dimBngorno wbouta dabe
mm  The thi ckness of the |ens 48 t _or _near the 12 0 mm
cent@H Vs thate Taages(ifrem aPREBEcanf et i KRESY) 1

1y pi galdamcgeeat §Eef@§ébl®bcﬁibmlgbm1€r en@tmst@nabms: 9.0
'ess than 20 about 300 micr omater Pref er a%%/
cent®® 3} d‘)@f@sémesfeb"ém\kéeﬁb%‘b% O3 &7 oMt e o an(:Iimm

aboUfhe thickness of the lens 40 at or near the center of
the lens (i.e., the center thickness) 1is typically
greater than about 10 micrometers and 1is less than
20 about 300 micrometers. Preferably, the center
thickness is between about 30 micrometers and about
200 micrometers. The exact or specific thickness of
the central region may be determined on a case-by-case
basis by one of ordinary skill in the art since the
25 maximum thickness is optical power and refractive

index dependent.

The thickness of the peripheral edge 46 of the

lens 40 is typically, but not always, less than the

30 center thickness, as shown in FIGs. 123, 12B, 12C,
12D, and 12E. The edge thickness should be thin
enough to facilitate epithelial cell growth at the

juncture of the lens and the Bowman's membrane or



200 m cronmeters. The exact or specific thickness of

the central region may be determ ned on a case-by-case
whawiu®24095 one of ordinary skill in the art sinPET/UB®IRER8657

maxi mum t hi ckness i s optical powey and refractive

i ndex dependent. The thickness of the peripheral edge

46 ofstirddfa loENardOeys, t ¥l CAbYY bebihinoOtkenahiyAyso IBSMote
t han e .30 center. thickness, as shown in FlGs. 12A,
12B, atg’éfcliﬁﬂ StChoE 2 T fe g ge ARt ERPeSESE 5P g °pEe ©f

thin trenaugs.t o Tysidaitigt e tepi tdigki ahickhbsgr 6wt khat lens
the juncture of the_ |l ens and the Bowrans nenbrane or

WO 2064/ 6539355 58T I8SMG3/ 638659 CRFeEeFBmm of 1An f¢ain

and regobeméhid) eandghehe PIONRIL adddubkOndickness 1less
epithelial cell mgration over the edge of the_|ens.
Typi 3Py, 2RWE ebye MERFERABYES of 2RhePFRR.T2RLY | 488s than

t han ahaut 3b2@ikrehef®tel S. ThNaCekbabir&l eyt MRALS, the
the lens 40 has an edge thickness |ess than about 60

m cr offdfer’d, M4Td Pt ePFRLFYEFEES St 10dn abaidut0 Fpicrometers

M cr ofreréxampled MRS efkeckREROGATEAt snhPE KheRs 4Hge) .
has an edge thickness of about_ O microneters (for

anft%e SHHE £hi ERAesd26f BRRhARYS KGA%% Bgde =yngsd on

showndth khe ah2Cribheah8nposdgeidmysiEacednded @Qhown at
both the anterior and Eosteri or surfaces, as shown at

46A. Ater naRYSFANREIVREY enldSed &Py ddtc| BgE alnclude a

roundesindBliesh0sr S fAGE AL 2ndaBl APEXON H d¥eaealrh@he
posterior surface 44, as shown at in FIG 12D. O, 15

the IRGTEeEHge AHYIRE® sAlpedSashevRnife iddgelCsutdPas Ot

ats 463 HROMAgEN makCbel Hahapk@NSs4Q NRY FeOMRIGLSe such as
synthetic _or non-synthetic materials, and

conbidfatPBnds t HFELAR ASCustaE her ei n,

Lens 40 may comprise synthetic or non-synthetic
materials, and combinations thereof. As used herein,

20 the phrase synthetic materials refers to materials
that are not obtained, for example, are not obtained
directly, from animal subjects. Thus, synthetic

materials specifically exclude donor corneal tissue.

25 In one embodiment, 1lens 40 may be made from
collagen, such as purified collagen. The collagen may
be collagen Type I, which is the type of collagen that
defines the bulk of the corneal stroma, or lens 40 may
be made from other types of collagen, including

30 combinations of different types of collagen, such as
types III, IV, V, and VII. In certain embodiments,
the collagen may be obtained from animals, including

humans. For example, collagen of the lens 40 may be



20 the phrase synthetic materials refers to materials

that are not obtained, for exanple, are not obtained
walooeoe40y5 from ani mal subjects. Thus, synthetPCT/US2003/028657

mat eri al s specifically exclude danor corneal tissue.

25 I'n one enbodi nent, Iens 40 may be nmade from

col | agefinesuedl agyepyr i poediks! | apargerhe oldragedimayen,

be collagen Type |, which is the type of coll agen that

def | MEE ERe CBURIGH (HEVQS el agePon@nory PEREZ®0 nilgny

be madertrem othpss t ypescfiageh! agetuli nal udiNgidises of

conbinations of different types of collagen, such as
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th be comhbagess naySleﬂl obatsﬂ I'Eéi:’dcdr?mlﬁ.@klﬁﬁls§m. ioncl llﬂibn@\t},%er
umans, For exanple, collagen of the [ ens 40 may be
2004502038 BET UsEhD3/ (EHAEFeR20 TNi nBecol Fegfappinantly

por cisyeteekiagen, ayéman eel | agen, ushbgi Neceohbagets  DNA
equi ne col | agen, anong others. Many different types

of corErhpehoIEef UFT$IFHARdYIred$8S 0 Ishdohr &bdpined from
invenrti @Bnare gutilenely avah! afd e fuam soedaNi 8Ssue of
such as Bectaon Di ckenson. In other_ _enbodi nents, the,
68IIé@@ﬁhﬁﬁylﬁélVﬁéﬁﬁ%iH%RRQQV s§ﬁ9ﬁ%§?&eﬁ?ysﬁéhC§§aﬁyed
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is not obtained from a donor patient, such as from

cor nédl ir&sue®Bf FOUETO HerPY NGV YdGIPL R onreconbinant

Col | aganagey besobtrabReden)si BguBRY GaAventrkaBakco, CA.
technique, as is practiced in, the art. One source of
publ AAS¢TEIEI TN e PEcolhi RARE 16Dt | FFEATPENERDr Sfedrnagen

Seut haSan der apilepsed CAand Al bBENddd/elysingl ithe methods
addi tioon, reconbinant collagen 15 may be prepared and

obt aitie6La8F%g PheP et RBELICHH A olied R PEr07889 or WO
Publ isgatiicemo No. WBn83/ Q&839p0haMD production techniques

described in these PCT publications may readily be
adapted so as to produce many different types of
20 collagens, human or non-human. Utilizing purified
collagen simplifies procedures of making corneal
onlays, as compared to <corneal onlays that are
obtained from donor tissue, such as disclosed in PCT
Publication No. WO 02/06883. For example, wusing
25 purified collagen, including recombinantly synthesized
collagen, steps of decellularization donor corneal
tissue are avoided. Furthermore, the collagen may be
fully biodegradable or partially biodegradable, which
may facilitate attachment of epithelial cells over the
30 onlay by permitting native collagen created by the
patient receiving the onlay to integrate and/or
replace the collagen of the corneal appliance. The

collagen used to manufacture lens 40 may be populated
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described in these PCT publications may readily be
w@odaphem3so as to produce many di fferent typesPOf/UD03/028657

col | agens, human or non-human. @i lizing purified
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lens is placed over a BRowman's membrane that has one
or more openings, keratocytes from the patient's own
20 stroma may populate the <collagen lens, and the
integration Dbetween the lens and the stroma may

facilitate the fixation of the lens on the eye.

Alternatively, lens 40 may be manufactured by

25 obtaining and culturing <corneal keratocytes, as
disclosed in PCT Publication No. WO 99/37752 and U.S.
Patent No. 5,827,641. The cultures of keratocytes
will be placed in a mold suitable for a vision
correction 1lens, and will produce a collagen matrix

30 similar to a normal stroma in vivo. The various molds
will thus ©produce a corneal appliance having a
synthetic stroma with a desired optical power to

correct a vision deficiency of the patient.



cell's obtained from xenogenic sources nay need to be
nodi fied to reduce the antigenicity or inmmunogenicity
wa 2009024082 cell s when administered to the patiBCI/US03/028657
reduce the likelihood of devel optnhg an i nmune
response. Alternatively, in enbodiments where the
I ens is placed over a Bowmans nenbrane that has one

or Tore opeRLngs, JterAtacyt s lram e patl ents .o 30,

stroma may popu e co
i ntegr appémﬁeimeéwdtrheelensasandnuhsstsddobnayrrayersons of

facilj he at i.on the | ens on t
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obt ailficAgdand ac utstdnoiged - Cormies }_k@l‘}&tgeg?égss?h aa;sd aLlJ gater
di scl P i ca
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S Feefl LSR0, oBPRedt aRAHEE PiSRie Sl R e e

wi | | comnsapr odlaes a typn@allyampkreambeuha\zoagta about 80%

synth tlwce éhrc_o% gaét hbgtde5| rgdyggt erﬁgyve%@ Q) out 908

corre i'si on defi crenty” o
200410024»@3@@(:%@32003#0%% 22 thenSbéhﬁ)t oﬁsseor)pealelght

appl i 6 ng om a meric dro
agpuhggggt ogaga%al?’%r s%eﬁfgag lv%r &P %//5 &FFV h ¢ %ut 1.3
art. aAdp@bqur1c5hyfbxmﬁxam51enabudES1a4 which is similar

ot 04eki oL A8 0L Rl ueh B8 vRLET, ouelable,
ol len with vvat er. Pol yrrerl c hydr ogel s usef u: as
onl aye, (TR 1S Shcatla0s vEr Sk 0% Fo pylimer
wei ghttemters bot nmagmpaemtabowtt 20%et 0 dl@IHLs98% lenses
include, without limitation, poly(2-hydroxyethyl
methacrylate) PHEMA, poly(glycerol methacrylate) PGMA,
20 polyelectrolyte materials, polyethylene oxide,
polyvinyl alcohol, polydioxaline, poly(acrylic acid),
poly(acrylamide), poly(N-vinyl pyrilidone) and the
like and mixtures thereof. Many of such materials are
publicly available. 1In addition, one or more monomers
25 which do not themselves produce homopolymers which are
not hydrogel-forming polymers, such as
methylmethacrylate (MMA) , other methacrylates,
acrylates and the like and mixtures thereof, can also
be included in such hydrogel-forming polymer materials
30 provided that the presence of units from such monomers
does not interfere with the desired formation of a

polymeric hydrogel.



by wei ght water, or about 5% to about 95% by wei ght

wat er, and have refractive indices between about 1.3
wanwsabwes 1.5, for exanpl e about 1.4, which i BCHUS0DH028657

to the refractive indices of wategr and a human cor nea.
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met hyl et hacryl ate (MVA), other nethacryl ates, |,
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30 provided that the presence of units from such

ABnofEF EheTEFE ot oSt efPer BaY t FOTNG SFesicr efell  growth

f or matib9frHfe ApoRPhYRET isticRy HPIChos MO Q04682403 U.s.

PCT/ US2003/ 028657 23 Alternatively, and in certain

embodPheRt 89° eng°44633f corneal appliance 60 may be

manuf actured froma bioconpati bl e, non-hydroge

mat eri al or conponent, such as disclosed in US.

Pat ent NoTPS7131®57the Hihhyiteatse nGAPAYYPOYel of the

M8t efihabstidic] udernedd apglidide | 60N kefpkOsediChylidis 40

pol yol efi ns,, fl uoropolyners, = silicones, styrenics,
Vinnglc%o|yé§%@p§s a synthetic material, and more

particularly, a non-donor corneal tissue material. In
one embodiment, the 1lens 1s made entirely from a
synthetic material. In certain embodiments, the lens
20 is made from a combination of collagen and a synthetic
material, including, combinations of bovine collagen
and a synthetic material, and combinations of
recombinant collagen and synthetic materials. In
additional embodiments, the lens may include a poly (N-
25 isopropylacrylamide) (polynipam) component. It has
been found that a polynipam component may facilitate
attachment of the lens to Bowman's membrane and/or
epithelial cell layers to the lens at temperatures of
about 37 degrees C. At lower temperatures, such as
30 temperatures of about 32 degrees C, it is
advantageously possible to detach the lens from the
corneal tissues. For example, see Nishida, K. et al.,

"A novel tissue engineering approach for ocular



pol yur et hanes, pol ycarbonates, cellul osics, or

proteins including collagen based materials. 10
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substrate pol ynmer, such as thosesdi sclosed in U S

Patent No. 5,994,133. Thus, in the illustrated
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degrees C. At |ower tenperatures, such as 30
tenperatures of about 32 degrees C, it is ,

advant agetss| yepaalnl eabRLifRICEch LiReIrsRe f MshiRe may
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2004r09wrds5 PCT/ US2008¢058657 Spodifenige the corneal

[ecopshi{Gideon 1dakng i Bi ogBgL ed £orReakctepbthelbédbce
cell s eetrgfafts fromlinmbal stemcells expanded ex
vi vovBreEr arénperarak soresporki RRFIGEIE'S EYPt ur & waveiront

surf agerratARKO fNuale Megtddgdifi@hdional profile of the
distance between a real light wave front of a central
spot of 1light and a reference surface, e.g., an ideal
20 spherical shape, as shown in FIG. 1 of U.S. Patent No.
6,585,375, and as described in Mierdel et al., "Der
Ophthalmologe", No. 6, 1997. ‘A wavefront aberration
may be understood to be an optical path difference
between an actual image wavefront and an ideal
25 reference wavefront centered at an image point, at any
point in the pupil of an eye. Methods of measuring
wave-front aberration are well known to persons of

ordinary skill in the art.

30 Briefly, and as described by Nader, N., Ocular

Surgery News, "Learning a new language: understanding

the terminology of wavefront-guided ablation"™

(February 1, 2003), an aberrometer (e.g., an



5 Lauderdal e, FL, May 4-9, 2003. In accordance with
the present invention, the polyni pam conponent

w0 amitl24083 es the in vivo attachnent of the epp@TEb10051028657
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an igeal29 sphsIdicalnesShapel asdShossdd drtd theofretina
-U. S. Patent No 6, 585, 375, and as descrj bed .i
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optical path difference _ between a [, i .
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at an JARge rPBhNtneabydnys PasSdd i to thewpupftornf smsor.
eye.” Methods of neasuring wave-front aber#atjonC are

el [AskeRe rE50per BB BTN di RAFYRRRY | PRI 13 Bt 2Ft
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Febrhary s1an2083dm &N retel (eng. Light Wys leave
ot stant P in A0 SO0 (LS inst?une?? t

hat
neastreseyhearbeprrut Pody BRraIeid) 2THEY b u]‘see%lsetso that
measilie AR ahernaygd rapge ddhatatlieaves The wavefront gets

deviated or distorted by inhomogeneities in the
refractive properties in the refractive media of the
20 eye, such as the lens, the cornea, the aqueous humor,
and the vitreous humor. The resulting image is then
typically recorded by a charge coupled device (CCD)

camera, for example.

25 The wavefront is then typically reconstructed and
the deviations are described mathematically in three
dimensions. The wavefront deviations may Dbe
calculated, at 1least in part, by analyzing the
direction of the 1light rays. Generally, parallel

30 light beams indicate a wavefront with little, if any,
aberrations, and nonparallel light beams indicate a
wavefront with aberrations that do not give

equidistant focal points.



an eye, or may be used to neasure the shape of a grid

projected onto the retina. For exanple, while a 5
W@2a04emM033 s mai ntai ning a view on a visual fi xXBtT/082003/028657

target, a relatively narrow i npuaé | aser beam may be

di rected through the pupil and focused onto the retina
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mee%592 el Qﬁg'ﬁgﬁglfr ?£§£8&§690b¥h  first fifteen
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cal cyl at t aly th
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ber r.at | ht b
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equi diishanthfercfalldpospimse t 70 , Zoeﬂdoznﬂﬁﬁief01l (wavefront
PCT/g§%8Q§/QE§§§7fourfold symmetry) . Many higher-order

aberrations are not symmetrical, but some higher-order
20 aberrations, such as spherical aberrations, may be

symmetrical.

In accordance with the present invention, the
wavefront aberration of a patient's eye may be

25 measured and analyzed to facilitate appropriate lens
construction. The lenses of the present invention can
then Dbe shaped, as discussed herein, taking into
account any wavefront aberrations. Thus, a corneal
appliance is obtained with a lens body configured to

30 correct a wavefront aberration of a patient's eye.
The wavefront aberration corrective surface may be
provided on either the anterior surface, the posterior

surface, or both the anterior and posterior surfaces.
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26 Typically, Zernike polynomals are used to neasure
or anal yze the ocul ar aberrations. Each Zernike
descri bes a shape or a three 5 di neCEUS083/028657
surface. As understood by persor&’ of ordinary skill
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aber rations 1ncl ude, But “are not |m%e lio, coma,
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The wavefront. aberration corrective surface may . .
ot ovi 388 B0 o8 eRarPEieS L PRI O SR AhdTo bt e
For example, a single layer of epithelial cells may be

positioned on lens 40 ex vivo, and the lens may be
placed over an eye. After the procedure of placing
20 the lens on the eye, the epithelial cells may continue
to divide to form one or more additional layers of
epithelial cells. Alternatively, an epithelial layer
70 may comprise approximately 5-7 cell layers when it
is placed over lens 40.
25
Epithelial 1layer 70 is dimensioned to cover at
least a fraction of anterior surface 42 of lens 40.
In the illustrated embodiment of corneal appliance 60,
epithelial layer 70 extends beyond peripheral edge 46
30 of lens 40. Thus, a flap or fringe of epithelium 70
extends from the edge of lens 40, which may be useful
to help secure corneal appliance 60 in an eye. When

epithelial layer 70 does not extend to or beyond



surface, or both the anterior and posterior surfaces.
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tissue, or epithelial cells obtained from the patient

of
bey

receilving the corneal onlay. However, epithelial
cells may also be derived £from any type of stem cell
20 that can differentiate into corneal epithelial cells,

including stem cells from fetal or embryonic tissue.

In one embodiment of corneal appliance 60, the

stem cells obtained from the patient are corneal

25 epithelial 1limbal stem cells. The corneal epithelial
limbal stem cells may be harvested, cultured, and
prepared according to the methods disclosed in U.S.
Patent Publication No. US 2002/0039788 Al, and by Han

et al., "A fibrin-based bioengineered ocular surface

30 with human corneal epithelial stem cells", Cornea,
21(5): 505-510, 2002. Briefly, corneal epithelial
stem cells may be cultured onto an extracellular

matrix, which may comprise basement membrane
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met hetshdiasc| Dsiesd BuffiérS. at a pH of about 7.0, such as
7.2. Cultured corneal fibroblasts and thrombin may be

added to the solution, after which, the solution is

20 dispensed into a holder to gel.

Epithelial layer 70 is attached to anterior
surface 42 of lens 40 so that epithelial layer 70 does
not appreciably or noticeably move along the surface

25 of the lemns. Thus, when epithelial layer 70 and lens
40 are fixedly Jjoined or coupled, they form corneal
appliance 60. Epithelial layer 70 may be attached to
lens 40 either by chemical, biological, mechanical, or
electrical methods.

30

In certain embodiments, corneal appliance 60 may
also include a cellular attachment element disposed

between epithelial layer 70 and anterior surface 42 of
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not i ceabl Yammyttalcong: 1ha ssurdteamehment of the epithelial
layer to the lemns. For example, the indentations may
be provided in a plurality of concentric rings
20 emanating from the center of the lens and expanding
radially outward. Cellular attachment element may
also comprise a polymer that supports adhesion of the
epithelial cells to the lens. As discussed above, the
lens may be made essentially from such polymers as
25 disclosed in U.S. Patent No. 5,994,133. In addition,
these cell growth substrate polymers may be chemically
bonded or otherwise coated on the surface of a
hydrogel or collagen based lens to facilitate cellular
attachment to the lens. The cellular attachment
30 element may also comprise a corneal enhancer molecule,
such as a corneal enhancer molecule that specifically
binds to a molecule present on the extracellular

surface of an epithelial cell. Examples of suitable



25 of the lens. Thus, when epithelial |ayer 70 and
lens 40 are fixedly joined or coupled, they form
w@enez4035 appl i ance 60. Epithelial [ayer 70 naRChES2003/028657
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R e T
t he centeiadbf thehd ehsnandfexppamndehg appliance 60 may be
produced according to standard techniques known to
those skilled in the art. As indicated above, when
20 stromal-like lenses are desired, a collagen matrix may
be formed and include stromal cells. Lens 40 may be
shaped in a conventionally dimensioned mold suitable
for lenses, such as corneal onlays. For example, lens
40 may be ablated, molded, spin-casted and/or lathed,
25 or combinations thereof. However, because it may be
desirable to culture the epithelial cells on lens 40,
the molds used to manufacture corneal appliance 60 may
be structured to permit nutrient, 1liquid, and gas
exchange with the cultured cells. For example, a mold
30 may comprise one or more pores to permit nutrients and
liquid and gas to flow to the cell culture. The molds
may be made from any suitable, porous material,

including, but not limited to, ceramics, mesh, such as



radially outward. Cellular attachnent el enment may

al so conprise a polyner that supports adhesion of the
wepiothziosal cells to the | ens. As discussed abpvEDS1008028657

| ens may be made essentially frod@such polyners as 25

disclosed in U S. Patent No. 5,994,133. In addition,
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of5 corneal appliance 15 60 may be made from col | agen
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bi oconpat i BIr& Ron- ydrogel erial. e |l ens of

cor nealsecappblances6Cemyribed above. In short, a fibrin
matrix, or other extracellular protein matrix, may be
produced from serum and the corneal epithelial stem

20 cells may be seeded in the matrix. The seeded matrix
may then be applied on the anterior surface of the
lens. The cells may be applied by dispensing the
matrix over the surface of the lens, or the cells may
be applied as a relatively flexible layer of cells or

25 a film of cells that sufficiently flexes to
accommodate the curvature of the lens. The film of
cells may comprise a film of corneal epithelial stem
cells or a film of developed epithelial cells, which
may be one or more layers thick, or a combination

30 thereof.

Alternatively, a layer of epithelial cells may be

obtained Dby culturing immortalized human corneal



produced according to standard techni ques known to

those skilled in the art. As indicated above, when 20
w@eenedo3d i ke | enses are desired, a col |l agen nBCT/US2008§28657
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20 lens body.

In addition, one embodiment of the corneal
appliance includes a suspension of epithelial stem
cells provided on the anterior surface of the lens

25  body. The suspension may be a fibrin-based
suspension, as disclosed herein. It i1s believed that
the epithelial stem cells that are provided over the
lens body may provide nutrients, such as growth
promoting factors, that promote attachment of the

30 layer of epithelial cells to the lens body. Thus, a
suspension of stem cells 1is provided over the lens
body and the flap of epithelium is placed over the

lens body, and the stem cells encourage attachment and



culturing of the epithelial cells. 15 Epithelial cell

| ayer 70 nmay be prepared essentially as described
W@bove24085 short, a fibrin matrix, or other PCT/US2003/028657

extracellular protein matrix, me¥4 be produced from

serum and the corneal epithelial stem 20 cells may be
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a filmof corneal epithelial stem cells or a film of
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they can grow and differentiate into an epithelial

cell layer.
20 Corneal appliance 60 may be placed over an eye to
provide the desired wvision correction. Because

corneal appliance 60 includes a layer of epithelium,
as described hereinabove, it is desirable to remove at
least a portion of the epithelium from the patient's
25 eye receiving the appliance. The deepithelialized
portion should at least have approximately the same
dimensions as the corneal appliance. A

deepithelialized cornea is illustrated in FIG. 5A.

30 The epithelium may be removed by any conventional
method. For example, an abrasive device can be used
to remove the epithelium, a small rotating brush may

be used, sterile cocaine may be applied +to the



epithelial cells may be placed over the | ens body
after the | ens body has been placed over the cornea.
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a |l ens no
part of the separator can then be used to cut the

portion of the epithelium that 1is being 1lifted from
the cornea to create a flap, or to completely remove
20 that ©portion of the epithelium that is Dbeing
manipulated. Alternatively, or in addition, the
separator can dinclude a temperature controller that
causes temperature changes in a portion of the device
that contacts the epithelium. The separator may be
25 cooled to cause the epithelium to attach to a cooled
region of the separator so that it may be lifted from
the cornea, and then may be warmed, passively or
actively to allow the epithelial tissue that has been
cut to be released from the separator. It has been
300 found that the temperature control enables the
handling of the epithelial cells of the epithelium
without undue damage and cellular injury to - the

epithelial cells during the procedure. It appears



10 desired structure to correct a visual deficiency.

The <collagen | ens nmay be popul ated with stromal
wleravowys es t hat have | ow antigenicity or PCT/US2003/028657

I mmunogeni city. The coll agen | es$ may be nodi fied on

its surface to pronote cellular attachnent of the 15

epi t tieht ath€etds,inandot henly prbtides of epivehééntalway of

stemcel | s. may, be pl aced on the | I agen |.ens wher.e

t hey® ERA-RYMs Bﬁ%l SPFF%%&H“? aF% theo 2P 6‘i%f°ﬁél o5t that
cel | thayebol 20y GorsidalesapbitantiobOtrayhdecpl Beethavesre
an eye,to rovi de the desired. vision correctiaon,
BocaleinS . SRRERR TSI | SRES b0 PR tATaE o Sy Bgposdure.
epi t irékh uBlecBfonirgetibednbesei habaged bk ithedepithblial
to renpve at |least a.,portion of the epitheliumfrom
the PatTEM s e r dkei VNG ?’ﬁe glﬁﬁllggﬂjgee. The use  an
deeptibet iamdgrdicpenkirgi sboutd, atsubrasts haveaser, with
approximately the sa | mensi ons. as t.he cor neal

bl PARGEsEn AT i ter PR 2 gt coPNaar L - SRRERY | dPedhelP
in FhegubA. HllTherepidihel usauihy baheenpyecediyreany For
conventi opal t hod. For exanpl e, an ahr.asi ve _deyice
{Bn BEVTRLTY 2 o rBfovEtReaRple el i Gim S iy fray be used
rot abhngcbrpsictidy betsethe Stakickeonagedtiec Neyebgy to
applied to the WO 2004/ 024035 PCT/ US2003/ 028657 35 ,
epi t REFRGM %rﬁlﬁéoﬁﬁpaﬁﬁsh‘?a‘?ﬁg RY eet%aen%roﬁ}ggﬂ?tlc

may beeuged aWpes eemdvirpnitidnaddareal tdpiahsdinice DE may
el ectronmagnetj ¢ ener on the epitheliu ch as.with
the PRSERSARAPIASR BPBCERILPES, CRhPORSarBahbl PORROWA® OF
55| npaddih i ®NmeAbpid,i 0fs ofintiheaeqd t hekéln ray faeilitate
renmoved usi ngga separator that can s%parate the

epi t RBFPURPPFONT Bolfith et 1865 dPiP&" pr &F5T ey ™

certain situations, the Bowman's membrane is left

entirely intact.

20 Once the desired amount of epithelium is removed,
corneal appliance 60 may be placed on the
deepithelialized cornea. When the lens of the
appliance is made from collagen, the lens may make a
natural bond with the Bowman's membrane that holds the

25 lens 1in place on the eye. However, additional
adhesive mechanisms may be used to facilitate securing
the appliance on the eye. For example, glue,
preferably a biodegradable glue, may be applied to the
overlying fringe of epithelium 70, dissolvable sutures

30 may be used to secure the fringe of epithelium to the
eye, or pressure applied by a bandage can be used to
hold the appliance in place until the epithelium has
bonded with the rest of the eye. Additionally, or
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disclosed in U S. Patent Public2iion Nos.
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20 procedures. In that regard, the corneal appliance may
be easily removed from the patient if complications
develop or the patient's vision changes. Thus,
corneal appliance 60 ©provides for long-term, but
reversible, vision correction.
25
By way of example, and not by way of limitation,
a procedure for improving a patient's vision may begin
by a patient with a vision defect visiting a
physician. The physician harvests a sample of corneal
30 epithelial stem cells from the patient and sends the
sample of cells to a lab for culturing. In the 1lab,
the cells are seeded and cultured in a fibrin matrix,

as described above, and are applied to the anterior
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PCT/ U8200Bo@R286%/ mdmbrane, and is removed so that the
diameter of the deepithelialized portion of the cornea
corresponds to the diameter of the epithelial layer of

20 the corneal appliance.

In addition, another method of improving a
patient's vision includes creating a slit, dincision,
or opening in the patient's corneal epithelium that is

25 large enough to permit a lens, as described above to
be inserted into through the slit wunderneath the
epithelium, as shown in FIGs. 7aA, 7B, and 7C. After
the slit 72 is formed, the epithelium may be separated
from the Bowman's membrane using standard blunt

30 dissection techniques or . other conventional
methodology to form preformed epithelial cell layer
70. Alternatively, the corneal epithelium may be

separated from the cornea wusing a separator, as



alternatively, a fibrin-based stemcell matrix may be
applied as an adhesive to help nmaintain the placenent
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(he sarple of seellanig o |y o il LUbk Mgl dlEosones
mat r ihgreinabove, a method of correcting or Aimproving
vision includes a step of inserting a vision
correcting ocular device, for example, a corrective
20 lens or lens body, Dbeneath the epithelium of a
patient's cornea substantially without uncovering or
exposing an anterior surface of the cornea located
under the epithelium, such as shown in FIGs. 7A, 7B,
and 7C.. The anterior surface of the cornea may be
25 Bowman's membrane, or it may include one or more
portions of the corneal stroma. This method is in
contrast to techniques that produce a flap of
epithelial tissue to expose or uncover an anterior
surface of the cornea, as discussed herein, and as
30 shown in FIGs. 6A, 6B, and 6C. By inserting an ocular
device beneath an epithelium but on or above the
stroma or Bowman's membrane, the ocular device 1is

effectively substantially fixedly positioned with



as described above, and are applied to the anterior WO

2004/ 024035 PCT/ US2003/ 028657 38 surface of a |ens.
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menbrisnepusfemgpbdtyanflaredl| it provide an opening in the
epithelium, for example, of suitable size, to
accommodate a corrective ocular device to be inserted
20 therethrough without creating an epithelial flap. By
forming incisions of different sizes, the preformed
epithelial layer diameter 70D may also vary, as shown
in FIGs. 8A, 8B, and 8C. For e\xample, a relatively
large incision 72 as shown in FIG. 8A may provide a
25 relatively small preformed epithelial diameter 70D.
In addition, or alternatively, the incision size may
be varied to accommodate various insertion techniques,
such as whether a lens is deformed prior to insertion.
Thus, a large incision may be formed when a lens is
30 inserted in a substantially undeformed state, or a
small incision may be formed when a lens is inserted

in a deformed state.



30 di ssection techniques or other conventional
nmet hodol ogy to form prefornmed epithelial cell |ayer
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inserted into the incision 72 as indicated herein.

The incision can be made by cutting or slicing

20 the epithelium using a sharp instrument, such as a
microkeratome and the like, including the
microkeratome disclosed hereinabove. Alternatively,

or in addition, the incision can be made by using
blunt dissection to separate epithelial cells to

25 create an opening in the epithelium without cutting or
slicing the epithelium. Blunt dissection provides an
advantage of reduced injury to the epithelial cells

and/or epithelial tissue.

30 To perform blunt dissection, a blunt shaped
instrument is used that has a thickness that reduces
the potential for tearing the epithelium as it is

being separated from Bowman's membrane, and for



portions of the corneal stroma. This nmethod is in
contrast to techniques that produce a flap of

wepiotlozdoBal tissue to expose or uncover an antBCT/U82003/028657
surface of the cornea, as discusézd herein, and as 30
shown in FIGs. 6A, 6B, and 6C. By inserting an ocul ar
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Vary’ or moslheowgnm.s:.ons can be made in the epithelium to

O

permit insertion of the ocular device. When multiple
20 incisions are made, the incisions may be parallel to
each other or may be orthogonal to each other. In
certain embodiments, two incisions may be made that

intersect to form four flaps of epithelial tissue.

25 As discussed herein, the ocular device may be a
vision correcting lens, such as a corneal onlay. The
ocular device may comprise a synthetic material,
including a synthetic polymeric material, as discussed
above. In certain embodiments, the ocular device may

30 be a contact 1lens that is structured to be placed
between the epithelium and Bowman's membrane of the

cornea.



in FIG. 8A 8B, and 8C. For exanple, a relatively

| arge incision 72 as shown in FIG 8A may provide a 25
Wwo edoanz4sd y smal | preformed epithelial di anetePCT082003/028657

In addition, or alternatively, t&2 incision size may

be varied to accommodate various insertion techniques,
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that is configured to deform at least a portion of the
ocular device so that the device can fit through the
incision, for example, through a smaller incision that

20 would be necessary if the ocular device was not
deformed. For example, the ocular device may be
folded or rolled or curled so that its cross-sectional
area is reduced while it is being inserted beneath the
epithelium, as discussed herein. A corneal onlay

25 insertion device may be a syringe like device which
includes a body with a distal end dimensioned to pass
the lens under the corneal epithelium of an eye. In
certain situations, the corneal oﬁlay insertion device

may be similar, or at least somewhat similar, to well

30 known and publicly available intraocular lens

inserters.



m cr okeratone and the like, including the

m cr oker at ome di scl osed herei nabove. Alternatively,
w@eroods24a8li ti on, the incision can be nade by uBCTIgS2003/028657

bl unt di ssection to separate epithelial cells to 25

create an opening in the epitheliumw thout cutting or
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the syringe device may be placed in proximity to the
eye so that the distal end 82 can pass the fluid 84
beneath the epithelium of the eye, as shown in FIG.
20 9B. The fluid 84 causes the preformed layer of
epithelium 70 to be separated from the stroma of an
eye, as shown in FIG. 9C. A lens 40 may then be
placed under epithelium 70, and as the fluid 84
decreases in volume, the epithelium 70 is placed over
25 the lens 40 to form corneal appliance 60, as shown in
FIG. 9D. The delivery of fluid causes the epithelium
to swell to create a bulge of epithelial tissue that
is spaced apart from Bowman's membrane, as indicated
above. One suitable fluid may include sodium
30 chloride, for example, an aqueous sodium chloride
solution. Another fluid may include a gel. The gel
may be a gel that includes at least one water soluble

or water swellable polymeric material, for example, at
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spaced apagt 5P gar%ﬂ% 5§?n§§lt§ﬁi g?%?oﬁnﬁﬁ{} b& nfe 3
in thewpict kekiiom aht eccbheadcponitiontiod epidieldniMerein
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s SRR b Geaftn SRR E0ahGit { Pred BanaRng agent
howevwery, ben eepliaad eabamhew&rjiﬁheamumnezbSIMucﬁsaycémﬂular
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by udl rYé)earllnl Egcél?t gr FT‘L 0 anofarln certailn ye odiments, the
epithelium preserving agent comprises a component
selected from the group consisting of water soluble
polymeric materials, water swellable polymeric
20 materials, and mixtures thereof. In further
embodiments, the epithelium preserving agent includes
at least one cellulosic component. In still further
embodiments, the epithelium preserving agent includes
hydroxymethylcellulose. One suitable epithelium

25 preserving agent is the GENTEAL gel identified above.

In another aspect of the present invention, a
method for correcting or improving vision includes
raising a portion of an epithelium of a cornea of an

30 eye away from Bowman's membrane, cutting a portion of
the epithelium to create an elongate incision in the
epithelium substantially without damaging the Bowman's

membrane, and inserting a corrective ocular device



that is configured to deformat |east a portion of the
ocul ar device so that the device can fit through the

w0 p@ise2485 for exanple, through a smaller inci BCDOS1003028657
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epi t [ . be raised _using any sui.table echni que
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In addition, the ocular device is inserted beneath the
epithelium substantially without uncovering or
exposing an anterior surface of Bowman's membrane.
20 The method may be practiced by applying one or more
epithelial preserving agents to the epithelium. In
practicing this method of the invention, the stroma of
the cornea is preferably maintained in a substantially
intact or undamaged state.
25
In yet another aspect of the present invention, a
method for correcting or improving vision includes
applying a liquid to the epithelium of a cornea of an
eye to loosen the epithelium substantially without
30 killing or otherwise devitalizing epithelial cells,
treating the epithelium to provide and/or maintain the
epithelium in a moisturized state, raising a portion

of the loosened epithelium from a surface of the



15 as shown in FIG 9A. A syringe device 80 having a
distal end 82 and a fluid 84 located in the body of

W b@4pgoshige devi ce may be placed in proxintyPe€DUS1963/028657
eye so that the distal end 82 ca47 pass the fluid 84
beneath the epitheliumof the eye, as shown in FIG 20
9B. T@@nﬁauikbda¢edadséswwhbh@reﬁﬁmheM1mﬁyeﬁepérating the
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decr aaseaBNoLUE ol e Bl el LB 0 o placedover, o

'25 the lI'ens Oor m cornea
i A Eb@;egth§heodelamerﬁeuicéIum@neausesthbe epithelium

epi t el gh.bg One Or 5L eaf E%W%EP%%&ﬁhOf eplthellm

tissue t I's spaced apart % Srrenbr ane,
as indicated above. One suitable fluid may include

sodi um 30ghl 8 Lge, Iﬁgﬁ%’gt an}JJlrn(%ld%%aaqU%a%ﬁoozfo‘jde;%vermg

chl ori de solu |on
The @gel sulwrabeca @eheahmt thel ugessatl | pastiamne wat ethe

I t | 1.a I i t I
3| B gL ! 55 HELLALe B0l MIBL e TRel e
one @etWaéosthecep;MHﬁmuum such &% surface of the cornea,
hyd t hyl I d t.he ik d/
B A A

mat eri al s. In one specific enbodinent, the fluid 5
GE

conprlse sold si on,

iy l%%Llprepa Pﬁ%stﬁg epﬂgﬁgﬁpéﬂgfogh?nséPFPSﬁlum
@ﬁ aw1tboutarddeﬂtaﬂ1Z1ngaccn¢dakmxiumgI1dﬁrahbmyantlaﬁlls
her ei, 19.diggl ose e unt, of, a
presegglng agéﬁ gh éﬂégpll %K%ﬁ)égﬂéreﬁfFﬁgﬁfﬁnFESnts’
redudercekbupde, in aqueous solutions. In one embodiment,

the liquid is a hypertonic aqueous liquid.

20 The methods disclosed Therein may also be
practiced by scoring a portion of the epithelium to
create an epithelial defect prior to applying the
liquid. The treating step of the foregoing method may
include applying a gel to the epithelium, such as a

25 gel that contains a water soluble polymeric material,
a water swellable polymeric material, or combinations
or mixtures thereof. One suitable gel includes at
least one cellulosic component, such as

hydroxymethylcellulose, and the 1like and mixtures
30 thereof.

Similar to the methods disclosed hereinabove, the

epithelium may be raised or lifted using a vacuum, oxr



injury and death, and to preserve the epitheliumin a

viabl e state. The preserving agent nay act as a
worpiogoewodzer to maintain the epitheliumin a 1BCT/US2003/028657

noi sturi zed state. The epitheliu#8preserving agent

maybe i nclude a gel, and in certain enbodi nents, the

epi t dlhieym Fpreswmiang a@enteconukﬂSE§eaepmﬂmanfm%|may be
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I n anot her aspect of the present invention, nmet hod
porti on of PEhUiSi naFr U BTd o6t nBkas ngﬁgso By ko

f r omuBéwgara s membkarsomeut té Ngua par t isaficef onteheor more

i thel I te incision in the
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SO that g ogélar devic&P! +%§5t€%ﬂﬁg {f§ hinged
ep|tm@ktunnan@fBawnameslaEnhnaeae tAstlnﬂmﬁamedfab@Mf or

t he hthgli Jray _be rai, ed u a_vacuu
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specioffi c epirbbel iment ,tHadte includes a hinged portion 76
located at the periphery of the eye, as shown in FIG.
10A, where the hinged portion is located in a superior
20 region of an eye. As shown in FIG. 10B, a medial
incision 72 may be formed, and two flaps 70a and 70b
(FIG. 10E) may be obtained with hinge portions 76
offset from a medial position of the eye. In
addition, as shown in FIG. 10C, an incision 72 may be
25 formed away from the medial portion of the eye, such
as at a temporal region of the eye. This offset
incision may then be used to form two flaps 70a and
70b as shown in FIG. 10D with hinge portions 76 offset
from a medial region of the eye. In preferred
30 embodiments, the incision is formed offset from the
pupil of the eye to reduce potential injury to the
cornea above the pupil. In another embodiment, a

plurality of incisions are made in the epithelium to



liquid is an aqueous sol ution containing about 5% 10
(wv) of sodiumchloride. One or nore incisions nmay be
wora@e/ 024033 he epitheliumusing a cutting procepCI/ESmN3/028657

bl unt di ssection procedures, as49i scussed above. 15

Importantly, in this aspect of the invention, the
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| n add) tdolhed Ne, oGHLAL y}siﬁv § OS2 JNSEE L o PERERLD. 1 NGy

epi thel i um substanti a hout uncover i ng

expo@mglpéﬁ, apt epbetastidldye V@frthahamhs:Lsmmme.bezmade

The ti ced Iyin one aqr re .

epit ﬁ pr es%?v?%%gagogﬁt §H¥o%3%é epllg?heﬂ i GHS nnetlally

pr5acthomlr49nthls etdmicbrof cahe hevemdeon tot hénSérsmet ofthe

t he I S bl,. in asub antial l.v

i nt ag%rg?%ﬁ%dal%agegggt at%en@rfg&?nrk%g’f anciRer as%pelE Grat

t he prissert invention, a nethod for correcting or

i mprovi ng vi sion includes applying a liquid to the

epitheliumof a cornea of an eye to |oosen the

epi t hel i uAktsabsthat iatiyionst haet m3Geki bhi agubar device is
her vi t al el el. I s, . trea t
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I OOS%%S& gplthel iumfroma surface of the WO
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the epithelium separating the rai sed portion of the

epl t hel | u@s @l'é:g%eéu E.Qg&h ere I’Eehre Cnor r}'_%a lar qjev:Lce

one or roie él ongate i nci s1 ons The ral sedc porti
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devi C%%%QSQB@SF h@hgp EQE’;'III‘ uc‘l@v:.ce is a contact lens that
is structured to be placed under the epithelium of a
cornea of an eye. In additional embodiments, the
ocular device is a corneal onlay.
20
In one specific embodiment, -a method of
correcting or improving vision in accordance with the
invention disclosed herein may be performed by scoring
the epithelium to make a small, linear, 1- to 2-mm
25 epithelial defect, similar to a small scratch in the
epithelium. Next, a tonicity component, such as 5%
sodium chloride, is applied for 10 seconds over the
entire cornea. The tonicity component is effective to

stiffen and loosen the epithelial cells without

30 killing them. The tonicity component may then be
rinsed away. The epithelium is kept moist using a
moisturizer or epithelial preservative. Examples of

suitable moisturizers or epithelial preservatives



t hrough the one or nore el ongate incisions. The nethod

may al so include a step of delivering a substance
whemwear4e3z he rai sed portion of the 10 epithel PCNUS®03/028657

mai ntain a spaced apart relationshi p between the

epitheliumand the surface of the cornea, prior to

f or mimgladei weitsicomswied labke epolymdrisurandBlsint aldteer soluble
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disscl@sed herein may al so be practiced by scoring a
portion of the epitheliumto create an epithelial

defect prior to applying the liquid. The treating
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be deljvered heneath the.5 I sed itheliumto
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seconds, and not more than twice for a given
procedure. The epithelium 1is then filled with a
substance to raise the epithelium into a gumdrop-like

20 shape, away from Bowman’s layer. One suitable

substance is GENTEAL gel.

Next, a version of the butterfly LASEK technique

may be performed, for example by making an incision

25 down the middle of the epithelial “gumdrop,” and
pushing the two halves aside. If one cut is not
sufficient to expose Bowman’s layer and to accommodate

the corrective ocular device, one or more additional
incisions can be made in the epithelial sheet to form

30 multiple quadrants (e.g., four) of epithelial tissue.
The flaps or quadrants of epithelial tissue may then

be laid back over the limbus, out of the way of the

ocular device to be inserted. Before inserting the



spaced apart relationship from Bowans nenbrane.
Incisions are fornmed in practicing this nethod using a
wWOon@rok®BRt ome to cut or slice one or nore 10PEDDS10051628657

of the epithelium In practicingdsthis method,
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epithelium and the surface of the cornea.

20 The foregoing methods may also include a step of
applying a healing agent to the epithelium to promote
a more rapid and effective healing of the epithelium
after insertion of the lens. In certain embodiments,
the healing agent includes an antimicrobial, for
25  example, selected from such materials which are
conventional and/or well known for use in ophthalmic
applications, to reduce potential contamination and
infection. The healing agents may be any suitable
ophthalmic composition which promotes cellular growth,
30 such as epithelial <cell growth, and/or reduces

cellular death.



exanpl e, a substantially vertical incision can be made

along the mdline of the eye, and a substantially 5
whoerosatsal i nci sion can be nade to intersect PEEUS2003/028657

vertical incision to create four5%2laps of epithelial

tissue. After the incisions are nmade, an ocul ar device
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current LASIK and LASEK procedures, but with the
advantage of being able to restore the patient's
vision if the patient or physician is not completely
satisfied with the vision correction.
20
The method may also include another step of
inserting another corrective ocular device after the
first ocular device is removed. For example, if the
correction provided by the first ocular device is not
25 sufficient to adequately improve the patient's vision,
a second ocular device with different vision
correcting properties may be inserted 1';0 obtain the

desired vision correction.

30 In practicing the foregoing methods, the
corrective ocular device 1is preferably a vision
correcting lens, however, other suitable devices that

may augment the focusing capabilities of the eye may



i nclude water swell abl e polynmers and/or water sol uble
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While this invention has been described with

respect to various specific examples and embodiments,

20 it is to be understood that the invention is not
limited thereto and other embodiments are within the

scope of the invention.

A number of publications and patents have been
25 cited hereinabove. Each of the cited publications and
patents are hereby incorporated by reference in their

entireties.
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the gel may be rinsed away with a noist cellul ose
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sheet. The epithelial |layers may then be fol ded back

into place over the corrective ocular 5 device. The
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del i weruBguded SUbStRNGA deesealrh 4 haecepi sesh paritzean Bfnea

the epithelium_to maintain a spaced apart

r el aCifoABNPYS bt e &AL R’ &5i% hel i um and the surface

of the cornea. egO:nhaafl 0kegds NGiRed NP dsSos®yi cleSlO over the

i nclude a, step of apglyiﬁ% a healing agent to the )

epi t RBIFFGHPT 0 SPFEATR e°F athor eSPapPEdindeEPFRcthgelody 1s

heal ipngceli the epiddpalthumarfier thasd ion o) the of the

lens. In certain enbodinents, the. healing agent

i ncl &dé4e3hr antffi crBitariidor 981EXanpre, reupgq from

fromssuehreat srdmlce1wbi ch are conventional and/ or

wel | known for use in ophthalmc applications, to

reduce potential contam nation and infection. The

heal i ng agent sThay ddenady Spplabh€e oEhtEBdiR C1, wherein

conposi tion which_promtes cellular growth, 30 such as

epi t FERi P g0Vttt Sarfthor AP BHR®E s T T e8| IUHEREed stem

deat Rells obtained from the patient.

3. The corneal appliance of c¢laim 1, wherein
the cultured stem cells are obtained from embryonic or

fetal tissue.

4. The corneal appliance of claim 1, wherein
the lens body is structured to improve the vision of

the patient.

5. The corneal appliance of claim 1, wherein
the lens body comprises an optic zone and a peripheral
zone, the optic zone being bounded by the peripheral

zone.



WD 2004/ 024035 PCT/ US2003/ 028657 52 Still further in
accordance with the invention disclosed herein, a
WO 2008034083 € vi si on correction procedure has bRENUS2003/028657

invented. The nethod includes a step of inserting a
corrective ocul ar device beneath 5 an epitheliumof a
cornea of 6an e¥Ybe preherablapplisubst arft i aldim wilt hotHerein
dana g .S, Me ane_of . the cornea, and, a

T R RO 8y TR Pt e fcbPE cop Pl s Skace
eye tambhg pehiwhdrtdlngsigei §f echepdknenbodiy nds t hat the
corrective ocular device is or 10 becones insufficient
to provide the desired vision correction, or is
othermﬁse7unsarhefamumeylimpppeaﬁoenaﬂrecnauﬁonforwherein
t he I Vi can eno t he patjent
V|S|g%'lécge3 %ge%g ﬁrneéy?oexY?%y eVﬁo s?%ééflgﬁuﬁyrﬁice
pat i erdt téan lexpenndnbeyard ke mpm@pﬁeeal ¢dlge/i &f Ahe lens
siwnI%r to that provided by current LASIK and LASEK
procedurés, but with the advantage of being able to
restore the patient's vision if the patient or

physi ciangis ngt conpl et atisfi h, th ion,
correction. #% orPﬁ%g éﬁ?ié?%%elﬁ’luﬁ 2 Hho I’1erWerem

st ep tbk cuhterédrn}ean@bhEg ey neebbvYesoenl @l 1devi ce
after the first ocular device is renoved. For

exanple, if the correction provided by the first

ocul ar devi.ce TBerudprzsaSub®pmhen¢et(mfadenmaﬁehy wherein
I mpr a_second, ocul ar deV|ce

the Li S _vi.Sion
mﬁthqé%f ? VISI(H]e%%§rrSE?In%rﬁv%pef?le% R 15
insemmeeruorobmfﬁacdlmi thkesiarad bwdgl on correction. 30
In practicing the foregoing nethods, the
10. The corneal appliance of claim 1, wherein
the epithelial cells are grown in vitro and are

applied as a layer of cells to the anterior surface of

the lens body.

11. The corneal appliance of claim 1, further
comprising a cellular attachment element disposed
between the anterior surface of the lens body and the

epithelial cells.

12. The corneal appliance of claim 11, wherein
the cellular attachment element comprises a plurality
of indentations in the anterior surface of the lens
body that facilitate cellular attachment of the
epithelial cells to the lens body.



corrective ocular device is preferably a vision

correcting |l ens, however, other suitable devices that
woreop4azaent the focusing capabilities of the BYBUSEY3/028657

WD 2004/ 024035 PCT/ US2003/ 028657 53 be utilized. The

ocul ar device may be inserted under the epithelium by

form ng odé.or Ther ecepebhelbaliafdaapss arlaby fior,m wgerein

an incision wthout formng an _epithelial flap, as . ,

di sclagcse “ove. o1h c8 taitﬂes Bﬂrﬂgﬂijﬁ%t °fa 1Ruentations

moi Stapmipzésesr aepiollbeldxdkbnpi @f etvidigrh agentlds body from

adniqjstergg tgrprov'de gndéor na%ntain t he

epi t hdlS GRTPRTE" Bt 28d 4T &PE T R8T epiHretS -al

preserving agent may be a gel-1like conposition

including%? waf.er sol ubl e pol yperic terial, a water

e p

10 swel | a OPy mEPFES Tt 8PPAFA SdPbr GHPtPurdy  wherein
t her edfe, cabluli=ac| agedckbaomne. e TigertCeohpASsd thepolymer

i thel | be_nmde. by cutting the epitheliumb
01 ng Rt RoPPRREP QP ARE b <f b FaF PRI €l fp tne

separlanisngody he epithelial tissue wthout devitalizing
the 15 epithelial tissue, such as by using a bl unt
di ssector, as disclosed above. Wile this invention

has been describedcetrhbal r @ppetdndsdd ¥aricQusmspeasi fikerein
exanmpl.es an mbodi pents, 20 jt is to be pnderstood
that the Tn ﬁ%ﬁrbna AEBEY L The FRFRTLTRF ofherorneal
enbodintentsraneiatyt.ni n the scope of the invention. A
nunber of publications and patents have been 25 cited
her ei nabove. Each of the cited publications and

patents ate.heredycoraeapoepbethine referaaer i1%,t hidrein
entir?}ies. WO 200%{024035 PCT/ US2003/ 028657 _ .
the corneal enhancer moiety speclfically binds to an
additional moiety present on the extracellular surface
of an epithelial cell so that the additional moiety
sufficiently binds to the corneal enhancer moiety to
prevent the epithelial cells from being dislodged from

the surface of the lens body.

17. The corneal appliance of claim 15, wherein
the corneal enhancer moiety comprises an extracellular

matrix protein.

18. The corneal appliance of claim 1, wherein
the epithelial cells are provided in a layer including

a fibrin matrix.

19. The corneal appliance of c¢laim 1, wherein

the corneal appliance is a corneal onlay.



What is clained is: 1. A corneal appliance,

conprising: a |lens body having an anterior surface, a
w@owiee4085 surface, and a peripheral edge at aP¢UIS1003/628657

of the anterior and posterior surfaces, and being

structured to be placed on a deepithelialized cornea

of an eye2of artpatcenheanndpppidied | af celdisn f L xedhgrein

It d o t h teri f f .t , bod
epRotat et er v R el S R SR R oL e

cornea of an eye of the patient, the epithelial cells
are deriv fram cultured stemcells,. 2., The corneal
applianceggf #ﬁﬁ n2 NG#er BPRILINE efft HEIFA geII@Pereln
are deei vats fucaip evhpuiess damageel | s obtai ned from

the patient. 3. The corneal appliance of claiml,
wherein the cultured stemcells are obtained from
enbryoni c2or T atotn&sleapdliabite o neakimpphi angRrein
of claim wherein the lens body is, structured to

i npr 6VE ?%%}%ﬂﬁﬁ g Pt et . 2B e cor neal

appliance of claiml, wherein the |ens body conprises
an optic ne and a peripheral, zone,_the optic zone |,
bei ng bouéged ﬂ’iﬁ tﬁ‘égbeear]i pﬁ%‘?a:,a’fancfor%f. 9\%‘ 0410245 e1n
PCT/ Wh20631 254 s Gecdhigitnivigapra@ptddnce of claim

1, wherein the epithelial cells extend over the

anterior surface to the peripheral edge of the |lens

body. 7. The cmideabrappl i appeisce! aEmdiamhenei iherein

t he ithelial cells extend qver the anterior surface
%%e lens body is a stromalifie structure.

25. The corneal appliance of claim 24, wherein
the lens body 1s a stroma-like structure grown in

vitro.

26. The corneal appliance of claim 1, wherein

the lens body is a hydrogel.

27. The corneal appliance of claim 1, wherein

the lens body comprises a non-~hydrogel material.

28. A corneal appliance manufactured by a
process comprising steps of:
culturing stem cells wuntil at least a
fraction of the stem cells have differentiated into
corneal epithelial cells; and
applying a plurality of cells obtained from
the stem cell culture on an anterior surface of a lens

body to form a layer of epithelial cells that are



of the I ens and beyond the peripheral edge of the |ens
body. 8. The corneal appliance of claim1l1, wherein

wa b@4oedosr ed stemcells are linbal stem cel | SPCBUS200E028657
corneal appliance of claiml1l, wherein the epithelial
-cells are grown in vitro on the anterior surface of
t he |fEnedigdpecifedThe: cticneaht@pild aggerafe cbAl Ahéd, lens

are by PRROSR 4 alr Bfevcd leledng ahdar
surface of the lens body. 11. The corneal appliance
of claim furt her _conprisi a cellular attachnment |
el enent d%gpos%rbe Het e ?ﬁ@fg?ﬁce‘? i ® §$?Pﬁc@%df %em
| ens thedycanohrede stepi tbelisal agel bbtalizad TheokORNEd tient
appl i ance_of claim1ll, :Clner ei',n the cellul ar

i SRR

at t adhirsAt T87 e ¢ 5RA B5rality of
indentations in the anterior surface of the I ens body

t hat facil'htat cellul ar. attachment of the, e%isthelial

cells to the |85 GBEYS2WOPBBOU 4035 claim whereln
PCT/ W$200341028607 st Thelsorareal odpiheanceraf €kaim or
12, wherein.at_Jleast one of the plurality of

i ndentatonsC €6 i'ses a hol e extending through the

| ens body from the anterior surface to the posterior

surface. 14. The corneal_. appljance of claim 11, )

wher ei n %ﬁe cﬂﬁ uFaratt aggﬁtjrﬂnce? ePenflethpritsesthprein

pol yrnere dehas shpporks aghese®ntof thdeaepidiel idlrface of
15. The corneal appliance of

gle[a: htfg,ltea%eqoleq%ﬂ%rbggx%%ﬂ U™ &Ftathnent el ement
conpri ses a corneal
32. The corneal appliance of claim 28, wherein
the plurality of cells applied to the anterior surface
of the lens are epithelial cells defining a layer of

cells.

33. The corneal appliance of claim 28, wherein

the process further comprises a step of:
culturing the plurality of cells on the
anterior surface of the lens body to form a layer of

cells that extends over the anterior lens surface.

34. The corneal appliance of claim 28, wherein
the process further comprises a step of:
providing a cellular attachment element on
the anterior surface of the lens body to facilitate
attachment of the plurality of cells to the surface of
the lens body.



enhancer noiety. 16. The corneal appliance of claim

15, wherein the corneal enhancer noiety specifically
whrovds24085 an  addi ti onal noiety present on thePCT/US2003/028657

extracel lular surface of an epithelial cell so that

the additional noiety sufficiently binds to the

corneal epRRancéhre nobengal oappiiverd bdhe cepiihhelsi,al wherein

cel | ey ' ed fram_ the surface of the

| ens body. rhea 198K ¢e of claim 15,
wherein the corneal enhancer noiety conprises an

extracel | ylar tri rotein..18. The corneal )
appl i ance%gf cFlg]@mci?r(n%)%grgP%ll?rhcee e?)?t ﬁgF‘F%‘tl 28e| |erein
are phevilded hodya doapetsencd udinmbetacl bfdma.mat ri x.

19. The corneal appliance of claim1l, wherein the
corneal appliance is a corneal onlay. W 2004/ 024035
PCT/ US2003/702885%rn2@l Fphpliaicgalcoapplsange of cl ai m

1, wherein substantially all of the_ cornea.is, )
deepi t hel i al i z%dfgr?l.ab‘lﬁ%{e S@SPﬁga}coaBﬁV? aPcEe I fiRhical
1, whrereirntot hectremsistedyforoapriisasl cott bgiathey22f Hhe eye

corn a i ance af. claim 21, wherein the collagen
IS ogﬁgfn§§£$$%ﬁ1gﬁdaninal. 23. The corneal appliance

of claim 21, wheirdheniaflheceldld ageBuiré&dr eserbi aantdnterior

prod 4. The, cor.neal liance of claim1l, )
wher gi%%qaf%e ?fengh%od‘fniss ggg rg) plrieketc}éec r Ernéflﬁr Podk 1s
The edeped| jappkhancyeof ehdi Me2dyedhef®im ctbheut@ds stem

body i.§;8 stroma-like structure grown in vitro. 26.
The corneal appliance of claim1, wherein

38. The corneal appliance of claim 37, wherein
the cultured stem cells are corneal limbal stem cells
obtained from the subject receiving the corneal

appliance.

39. The corneal appliance of claim 37, wherein
the cultured stem cells are obtained from embryonic or

fetal tissue.

40. The corneal appliance of claim 37, wherein

the lens body comprises collagen.

41. The corneal appliance of claim 37, wherein

the lens body is a synthetic stroma.

42. The corneal appliance of claim 37, further
comprising a cellular attachment element disposed on

an anterior surface of the lens body.



the lens body is a hydrogel. 27. The corneal appliance
of claiml1, wherein the |ens body conprises a
waoem4lgsgel material. 28. A corneal appli ancBCT/US2003/028657
manuf actured by a process conprising steps of:
culturing stemcells until at least a fraction of the
stemcells have differentiated into cornea
epi thelialyscel |.8; an lving.a plurality . of cells ,
obt ai ned from Irﬁﬁecsogré%)%eﬁ)gghﬁ%r e®bn C;Lﬁlﬁnt3§r'i gfherein
sur f dde ofrrlieews isodtructhived &ol dyeroot epbbhel iial the
cellg?&H%Etare WO 2004/ 024035 PCT/ US2003/ 028657
fixedl'y-secured on the anterior surface of the |lens
body before the | ens body is placed on the eye. 29.
The cornegl, appliance of, claim 28, wherein, th )
cul tured §t4ém g%?l 505?%alob?%?jr]11e%n?er 0 acﬁﬁtlfner?’t%' wherein
r eceithiengapiei oarenesd apphdtancel 86. ikbeoter mg@kropia in
appl%%%cgugg 8{ain128, wherein the cultured stem
cel | s'are obtarned fromfetal or enbryoni c tissue.
31. The corneal appliance of claim 28, wherein the
cells that.are plied to the anterior surface_of _the,
| ens bodyhgfe F?ﬁbg r%?%%13%?+%ﬁn%ﬁloghéH86Wn§&' wherein
appl ithec emfliehaemids, strvetairad tthe pldHcaki tpreabyeplihs in
appl i anterior surface of the lens are
epitﬁgg'gﬁbingé defining a layer of cells. 33. The
corneal appliance of claim28, wherein the process
further c rigses a step of: culturing the,plurality |
of cells gﬁpthgheaﬁ erT %%?fb ‘xbfoghggﬁé s BodyHiegein
f or mtael apprliehce is structured to improve astigmatism in
the subject.

47. A method of producing a corneal appliance,
comprising the steps of:
culturing stem cells until at least a
fraction of the stem cells have differentiated into
corneal epithelial cells; and
applying the cultured cells over a lens to

form a layer of corneal epithelium.

48. The method of claim 47, wherein the stem

cells are corneal limbal stem cells.

49. The method of claim 47, wherein the stem

cells are stem cells obtained from embryonic or fetal

tissue.



cells that extends over the anterior |lens surface. 34.

The corneal appliance of claim28, wherein the
wEe@ens®3f urt her conprises a step of: providi NRCEUS2003/028657

cellular attachnment el enent on the anterior surface

of the lens body to facilitate attachnent of the

plurality5@f cBhés ntekhbHe sfur f:aaiamof47 .t hehéesin bady. stem

WO 2 LQ24 P / 2 3/028 57 The corne
appl %{%ﬁcg o% %I a% gsj:e eF e o Y en’l!s1 P Body? aiayer of
conprepsébed dhl agedls36thaEhecaor beal a@o]plecancﬁe:of takail®dns
28, vyherein the lens body conprises a synthetic

stroma. “37. A corneal appliance, conprising: a lens

body shaped to have a desi red optical power to

d f
233?21[:? aigﬁd g%*ﬁ?h e%% ceqeﬁfl & e23¥e ov‘g]?e%%nan%@?l gitem

sur f @ed lef athecdlEns:ebbdyl befiore nt hetkersgdody is

pl aced in the eye, and derived fromcultured stem

cells. 38. The corneal appliance of claim 37, wherein
the cul tubéd sTleen metisi arfe abnedl, | ifnbaheﬁtemmﬁlsll&g a

obt ai fr e .subj_ec ei vi t.he

app! |S§% fogap lngor‘a‘negllFL appf i %ﬁ% crie njrﬁ“??‘t to the

wher diens t h:@dyul tm edfstﬂﬁtca&lel S armcdibkaineddtwvesh the
40. The corneal appliance

enbr
of c?égl?m ?d (\:A%erselar?d Ee '—fé}%hr%l y conpri ses

coll agen. 41. The corneal appliance of claim 37,

wher ei n gge I$QS b éh@d %facignthssiccgﬁégqgang a step of
forming the lens body from collagen in a mold to
create a synthetic stroma-like structure Thaving

specific optical properties.

54. The method of claim 47, wherein the lens
body is a hydrogel, and is structured to facilitate

attachment of the cells to the lens body.

55. A corneal appliance, comprising:
a lens body comprising a synthetic lens
material and dimensioned to be ©placed over a
deepithelialized cornea of an eye of a subject; and
a preformed layer of epithelial cells
obtained from the subject receiving the corneal
appliance, the preformed layer being disposed over an

anterior surface of the lens body.

56. The corneal appliance of claim 55, wherein

the lens body is configured to correct a refractive



42. The corneal appliance of claim 37, further

conprising a cellular attachnent el enent di sposed on
w@mpooat24883 or surface of the | ens body. WO 2004PORUSARB3/028657

PCT/ US2003/ 028657 43. The corneal appliance of claim

37, wherein the appliance is structured to inprove

nyopisrton t¥rleceld) efton 44he Tiggoupr meals iapphyarde wfopia,

claim @gﬁygggr eé&l#y%l Rpl acp eres%x tructur ed to

i mpro ropia’l e st Pi%he corneal
appl i ance of claim 37, wherei n the appl i ance i s

structured,to i.gpr Q he sub 46. .
The corneal apnga%\égng%f § Pl er &Rt whereln
appl itdreceléems sbpdyt Lﬁrsedcbmflgmredvetcastclogmattsm [ navéﬂﬁmt

SUDJ elorrdts off OPLIOLQf cpr oduging.a corneal

appl i ance, isin Re 3% ps o culturing stem
cells until at | east a fraction of the stemcells

have diffegent e 0 cor eal epithel.ial
and appl y?r%lg t?@éc% %ﬁ%aéld e8P JS‘_’lrtlfi/eer %\ eﬁ‘%mt 'f o‘?’l?ﬁraeln
| ayerthef louyneaddepinbbhdamm at481e§$ne nsatah@(f of mhatmocal
47, rein_t e ceIIs re_corneal Ilnb | ste

cel | \g?b%f hceoritcho * cfal mtéf’f Wher&H tﬁé’ngtsenqomed
cel | ylé;heuistemlueiﬂwnobt ained fromenbryonic or fetal
tissue. WD 2004/ 024035 PCT/ US2003/ 028657 50. The

met hod of claim47, wherein the stemcells are

cul tured GAti| Thdegofneal aabpytanad of claim 55, wherein

the lens body comprises recombinant collagen.

60. The corneal appliance of claim 55, wherein

the lens body comprises a synthetic polymeric

material.

61. The corneal appliance of claim 55, wherein
the lens body comprises a combination of a synthetic

material and collagen.

62. The corneal appliance of claim 61, wherein
the collagen is selected from a group consisting of
bovine collagen, porcine collagen, avian collagen,

murine collagen, and equine collagen.

63. The corneal appliance of claim 61, wherein

the collagen is recombinant collagen.

64. The corneal appliance of claim 55, wherein

the anterior surface of the lens body is treated to



epithelial cells that can be applied over the | ens

body. 51. The nethod of claim47, wherein the stem
w@edohm24se cultured in a fibrin matrix gel. 52PCT82003/028657

nmet hod of claim47, further conprising a step of

applying a cellular attachnment elenent to the |ens

body nuemogei | i aEtaChatenachnefit bdeweeprd frermegul t Gredr  of

cellgﬂﬁﬁgegggllggﬁupody 53. The nethod of claim47,

conpri'sing a step off formng the I ens body from

collagen in a rmld to create a synthetic stroma- I|ke

struct ure cQavi Lcal propenties 4.

net hod of6gla ﬁg%7%8mﬁere'n E%la?en 9 flpsfgé wdiein

hydr odel praddringdsiiayet upedepbtHeiciali tc&t]ﬂs dtst achmndr of

of t 5 ¢or neal

appl i ﬁ%gkhg%#éﬁégﬁhép%§o eﬁ%a ogﬁeggnﬁr?%ﬁhg a

synthetic lens material and di mensi oned to be placed

over a degpit iz cornea. of an_ey
subj ect ; 47 aﬁgére sFfigat ayero ep??héﬁaﬁ“ B sfurther

obtaﬂng@rﬁﬁcmg th@a$prQ&ms r&ﬁs@wslg t beecorteal anterior

appl i e p d ayer i.ng di spose
antersﬁ%r%gsur?ace&g Il]é’ngé bogl t %%r m‘ﬂ% O‘l:r g‘l“‘eng of
appl |tér¢ca>m‘fo¢h1adm15&emm eeplt}td’ﬂe.allenseb]mjytbs the lens
conf &%%{ed to correct a refractive WO 2004/ 024035

PCT/ 03/ 028657 error selected fromthe group

consi sting of nyopi a, hyper opi a astigmati sm and

presbyopi g, 575, Jhe cornea | ance_of _cl ai mp 55, .
wherein the | Bhe go elf agﬁgl Pited°to® &8?’?‘e£5’a wherein
maveﬁm@n@reébeme@tl@ﬂenfoﬂnep@@haﬁiaa patliientis a layer of
epithelium that remains attached to the epithelium of
the patient's eye when the lens body is being placed

over the cornea.

68. The corneal appliance of claim 55, wherein
the preformed layer of epithelial cells has a
temperature less than the temperature of the
epithelial cells that are on the eye before the
preformed layer of epithelial cells is placed over the

lens body.

69. The corneal appliance of claim 55, wherein
the preformed layer of epithelial cells is more
securely attached to the anterior surface of the lens
body than a layer of epithelium attached to a lens

body obtained from donor corneal tissue.



58. The corneal appliance of claimb55, wherein the

| ens body includes at |east one of a nultifocal zone,
W@2a000240370ne, and two or nore zones joi ned WETUS1003028657

junction. 59. The corneal appliance of claim 55,

wherein the | ens body conprises reconbi nant col |l agen.

60. The cdpneaA apptlante off cl aanuthytusiagei na t héorneal

Iensfﬁ%gxagg 5%?%f% nthetic polymeric material.

cor neal & of cl aim55, wherein the
| ens body conpa)sesfqrmmm@blaatspﬂtmétxt syatBeiaT into a

mat er c e cor i ance of
claim éh%f V\%er gjll‘en%g llélgl ?a B é‘éﬁ;apof“fe&rh gnd
group consi stilyg ofapﬁmydm@e Cébiﬁﬁyﬂialporiéﬂkﬁ over an
col | vi an i ne coll and e
co||§§§%r §§ S?ﬁeag%rn afugﬁpﬁ?%icéootﬁ%%aﬂHF%lepl helial
wher eigllst heltaddtagdn tbsthecosdy .nant col | agen. 64. The
corneal appliance of claimb55, wherein the anterior
surface of the lens body is treated to WD 2004/ 024035
PCT/USZOOBAOZS&&? mpthnﬁtenatbaahﬁenm,ofwﬁéﬁémﬁeEHé”ﬂ%ns
| ayer_ of |th cells. 65. The corneal appliance

of cfﬁmﬁ$%§ gﬁ'lﬁn ‘the preformed | ayer of

eplthellal ceIIs |s a Iayer of eplthellun1rennved

fromthe tie he caqrnea nce of
cl ai m 55, ‘furt %%Hﬁ¥ ﬁ#CeW g* 'g@%chﬁﬁﬂg
t he antermecmmsuﬁﬁaceomﬁag@@.Iens body that pr onot e
attachnment of the preforned |ayer of epithelial cells

to the lens body.
73. The method of claim 71, wherein the lens

comprises a combination of a synthetic material and

collagen.

74. The method of claim 70, further comprising a
step of:
modifying the surface of the 1lens before
applying the epithelial cells to promote attachment of
the epithelial cells to the lens.

75. The method of claim 70, further comprising a

step of:

adding stromal keratocytes to the lens.

76. The method of claim 70, further comprising a

step of:
culturing stem cells on the first surface of
the lens so that the stem cells differentiate into

corneal epithelial cells.



67. The corneal appliance of claimb55, wherein the

prefornmed | ayer of epithelial cells is a |ayer of
wepiotiozdoBiim t hat remai ns attached to the epit hetT/Us2003/028657

the patient's eye when the |l ens body is being placed

over the cornea. 68. The corneal appliance of claim

55, wherein the preforned |ayer of epithelial cells

has a tegperafure |&ss,{hag,t hecltaéﬁper?& “rexfrﬁ{;}réﬂ? the

epithelial cells thaft "are on the eye befdre

pr ef epiredel Bgler cellepiatieel prdvicddd sins pl acefoowet flager
| ens 9. .The cqrnea | i apce of. cl ai 5,

wher SRR b FEPE, o | Boufoly ' CBERRETI “oEhPL jeprnea
nor eappétamety attached to the anterior surface of the

| ens body than a | ayer of epitheliumattached to a

| ens body obtained fromdonor corneal tissue. WO

2004/ 024038. POHaUS20031O2866F 7d.aid nethod wherein  the

manuf rin rneal. appl.iance, caonprising:
for nPasTaradR, RaiRE"ar . PEPHIGHES, SR e fheg vy
havi sgpardesng edaoptdeoaliopowes amteb) repppeythyg corneal

epithel.ial,cells_qgver,an_ anterior surface qof e S
co t Aot oS PRl Ere" aatretlp i RBralR el (HE £ e
71. theatet hodleb dfaiepithelmr e¢hatt hemkéns attached to
conp%h%es gollagen. 72. The nethod of claim71,

wher €in ?He"collagen is a reconbinant coll agen. 73.

The nethod of claim 71, wherein the lens conprises a

combi natigg ofp,a Synthsgtic materi ab, a8d 160l | 980 ising a
step of applying an adhesive to facilitate securing

the corneal appliance over an eye of the subject.

80. The method of claim 70, wherein the
synthetic material is shaped to have a center
thickness between about 10 micrometers to about 300
micrometers, and an edge thickness between about 0

micrometers to about 120 micrometers.

81. A method for vision correction, comprising:
inserting a vision correcting ocular device
beneath an epithelium of a <cornea of an eye
substantiaily without uncovering an anterior surface

of the cornea located under the epithelium.

82. The method of claim 81, further comprising
forming an incision in the epithelium, and inserting

the ocular device through the incision.



74. The nethod of claim 70, further conprising a step
of : nodifying the surface of the I ens before applying
wao b@4epioshel i al cells to pronote attachnent ofPCT/I82003/028657

epithelial cells to the lens. 75. The nethod of claim
70, further conprising a step of: adding stronal
kerat ocyt 88.t oThdiem¢ el . cTdien ngt hoghdfeial an® ERep of

furt e conpri si, g & shgplpf: culturing stemcells on
the firsr SuPPadBCbiton HEGBHESsEOrRERT t#e StGhics) 0§ an
di f f eppmbiahete nt qasadr ngsdridpint hel hal @ldo$a1 WO portion,
2004/ 024035 PCT/ US2003/ 028657 77. The nethod of claim
70, WHEFEFRTt hBOEPITHel 1309/ 081 | DEFELIQF oPUdd G £ the
pref epiedel ayper obtained froma patient receiving the
corneal appliance. 78. The nmethod of claim 77,

wherein the preforned |ayer of epithelial cells is
formed bys4sepanatidghdl pof téindfsd, hayhatdiantths step . of
corn%gl .egitheLiun1fron1the Bownan' s nmenbrane of the
eye t0T"¢PdafB A FHEPTOrTEPCREI FAAT AL 2} ehhfifdon on an
at t achedokimatdeneyirl tdrt1bg BEt BRd 6hi€hadliin/Qo form a
further conprjsing a step of applying an adhesive to
faci 'ltrégep%kﬁ]ﬁ 3 h%e%ﬂwé%ic}‘&%pl FARR ePORARTE aiF 28 to

of thecswhpeste BQorthenn®t hadt afengl Bbay 70, wherein
the synthetic material is shaped to have a center
t hi ckness between about 10 microneters to about 300

m cronet ess, ange aneEH@e bhi rass et Weerr@oUtodbrising
deforming the ocular device prior to the inserting

step.

86. The method of claim 81, further comprising
removing the ocular device from the eye, and inserting
another vision correcting ocular device beneath the

epithelium of the eye.

87. The method of claim 81, wherein the ocular

device is a vision correcting lens.

88. The method of claim 81, wherein the ocular
device 1s a contact lens structured to be placed
between the epithelium and a Bowman's membrane of the

cornea.

89. The method of claim 81, wherein the ocular

device comprises a synthetic material.



m croneters to about 120 mcroneters. 81. A nethod for

vision correction, conprising: inserting a vision
w@oroneztshg ocul ar device beneath an epit hel i BOT/U82083/028657

cornea of an eye substantially w thout uncovering an

anterior surface of the cornea |ocated under the

epi t hel i ufD.82Thd heetiebédhodf oktlefmai B8l wHeuetherhe ocular

conprj_si.n form ng an_incisi.on_in the, epithelium and
nserEUAgS ERIPGITA BROTS ¥NPSICEHe THESPIN WO
2004/ 024035 PCT/ US2003/ 028657 83. The met hod of cl aim

82, whereipn the ste or m_.ng i ncision includes
form ng a%r‘ﬂi'nc?%?on%ggﬁ%é} Sbpr oxi gt e ﬁgSal “B6FE1on, the

a tenpseakipor titep, ostiperi Vitlpart i @8rmang/ ah | &feiHerial
portgﬂg_of the epithelium 84. The nmethod of claim

82, whéFéin the step of formng an incision includes
form ng an incision on an approximate nedial portion

of the epithel jumto form first pocket and a second
pocket , egéh p% ?e?mg?%édo?oCﬂgﬁgoﬁﬁdda?%réb?ﬁw??Qﬁfﬁﬁlng
t he lfersibhgdy.pBixralihe et irod sdfonel ahmBd, edithiehetim.
conprising deformng the ocular device prior to the

inserting step. 86. The nethod of claim81l, further
conpri si n@3.r ey i ngethed oculifar ¢kadince BILpmM thereye, the

encdt RSPt Joi el TOGT THE Gy 41 e HEEnoi e s

cl ai mh@l sunkiecei o tthe ocuhes bedrsitbeths SoMHR1G0m.
correcting lens. 88. The nethod of claim 81, wherein.
the ocular device is a contact lens structured to be

pl aced 94. The method of «claim 93, wherein the

inserting step occurs substantially without damaging a

Bowman's membrane of the cornea.

95. The method of claim 93, wherein the
inserting step occurs substantially without damaging a

portion of a stroma of the cornea of the eye.

96. The method of claim 81, further comprising
administering a healing agent to the eye in an amount

effective to promote healing of the epithelium.

87. The method of claim 81, wherein the
inserting step comprises 1lifting a portion of the
epithelium from the cornea, forming an incision in the
epithelium, and passing the ocular device through the

incision.



bet ween the epitheliumand a Bowran's nenbrane of the

cornea. 89. The nethod of claim 81, wherein the ocul ar
wa@lewiosiosdnpri ses a synthetic material. WO 200B¢DRED8%5028657

PCT/ US2003/ 028657 90. The net hod of claim 81, wherein

t he ocul ar device conprises a synthetic polyneric

material . 981. The netchaddof ofl aimbd Woefei Ankh8in  the

i nserti.n te ur thout form ng an epitheli al

flap ep&ﬁge's'r IR ﬁd&%&\g‘ EPHIMBY 28t her conpri si ng

formng a plurallty of incisions in the epithelium

93. The n@%hod f Clalﬂ]gl ere n the_ _inserting
step occur@ sub ?anfﬁ& Py wefhoutlddmagPhg tHerein the

surf apdtbblite tor nesrdensgatdeltiRerenit Beki i Séheahe the
met had . %F ?Ia|n193 wherein the inserting step occurs
substght 5 f&mMAthout damagi ng a Bowrans nenbrane of

t he cornea. 95 The net hod of claim 93, wherein the
|nsert|ng occurgpg¥ antlally W t hout danmmagi ng a

portion of H‘%nﬁle cGriéd it hBUESher ogompreing

met ha@bpdzfylﬁbal ran31, effﬁ‘dth.% COofAMdr NYoradminni SE@FiHd 1 um
heal |n% gent to.the eye in an_anmobunt effective to
prowgfgs EEFP AL B e E%?tQRﬁﬁhf&ﬁu@V The method of

cl ai m 81, mhereln the inserting step conprises

lifting a Bf on of the glthel|un1fron1the cornea,
form ng af thct st on®FHi%he EplFﬁéqunﬂognd PRSIPRY the
the eglikhel thevimeddivotighaddif- inkeLatona JAQ .

2004/ 024035 PCT/ US2003/ 028657 98. The nethod of claim

97, wherein the
102. The method of claim 100 wherein the

epithelium preserving agent comprises a component
selected from the group consisting of water soluble

polymeric materials, water swellable polymeric

materials and mixtures thereof.

103. The method of claim 100, wherein the
epithelium preserving agent includes at least one

cellulosic component.

104. The method of claim 103, wherein the
epithelium preserving agent includes

hydroxymethylcellulose.

105. The method of claim 82, wherein forming step

comprises using a sharp blade to slice through the

epithelium.



epitheliumis lifted using a vacuum 99. The net hod of
claim97, wherein the epitheliumis |ifted by
waledouwstodhg a fluid beneath the epithelium 1POr/UI1063/028657
met hod of claim 81, further conprising applying an
effective anount of an epithelium preserving agent to

the epithebé umnel Odetndie dretdiIedmofs Gl ainerbda, vMieririing
the epithelium preserving agent includes a gel. 102.
The FEEROFBPTLFEPF mUFdOIwter BIWPTE hdNSERIRIRS | Gf separate

presen¥i N@pagesl i GRNPELBSSarA i60MPONEAtthotel eeligdifig OMche
the group consisting of water soluble polyneric
mat eFPAFReLiMer swel | able polyneric materials and
m xtures thereof. 103. The nethod of claim 100,
wherein the e itheIiun1preservin%§§gent i ncl udes at
104.

| east onelOtelThf B b iforfdtim Wit et Hd§ derming

cl ai gxdf3conhrersisn utsl"dﬁi; £piithelkbuvat preser vi ng agent
i ncl udes hydroxynet hyl cel | ul ose. 105. The net hod of
claim 82, wherein formng step conprises using a

sharp bl agegt orisd | gechdd osghcihen epkl hgh¥Bin Wohe blunt
2004/ 024035 PCT/ US2003/ 028657 106. The nethod of

cl ai AP8RTURRR it & KR2EBFiHy 2steépSconpri ses using a
blunt instrument to separate the epithelium

substantially without slicing the epithelium 107,
The net hod0%f 2I%6HHS2 IOWhREISTHRE Fof iy CEPEpSLng:

conpri ses usi NgagsifLr akegta. $88. ad hepthBoguRf of a
claim 106, wherein the blunt
cornea of an eye away from a Bowman's membrane of the
cornea;
cutting a portion of the epithelium to
create an incision in the epithelium substantially
without damaging the Bowman's membrane; and
inserting a corrective ocular device through

the incision so that the ocular device is located

between the epithelium and the Bowman's membrane.

110. The method of claim 109, wherein the step of
raising a portion of the epithelium includes using a

vacuum on the epithelium.

111. The method of claim 109, wherein the step of
raising a portion of the epithelium includes applying

a liquid beneath the epithelium.

112. The method of claim 111, wherein the liquid

includes sodium chloride and/or other tonicity agent.



instrument is a spatula or a wwre. 109. A nethod for

correcting vision, conprising: raising a portion of
wa@eooap240Bel i um of a cornea of an eye away fr oPCHUS2003/028657

Bowrans nmenbrane of the cornea; cutting a portion of

the epitheliumto create an incision in the

epi t hel i urhlSub§henmieghby ofi thaith dahpgiwhgréhe Beswnhhguid

menbr : ' t) a_corrective ocul ar device

throdgﬂgfgﬁggfkgﬁg%d%ﬂ%§u hgfqﬁﬁ% ocul ar device is

| ocated between the epitheliumand the Bowrans

menbr ane. 0. e d of cl.ai 09, .whereip the

step of ﬁé%éiEégamgg%$?6ﬁ96FjFﬁbq@éVtMgﬁfﬁﬁ?iﬂ%?Lﬁﬁﬁ? of

usi nFE tivgec runportidre epi thel epithdililm Theelnelekodisahy a

cl ai ;109 In the step of raising a portion of
t he eﬁ%%%ﬁf¥%§§§%bludes applying a liquid beneath the
epithelium 112. The nethod of claim 111, wherein the

liquid inglud soqj hl or.i de_,and/ or. gt her toni.city
agent . \Aoq%(?oﬁg%o%'?%g&gﬁ 8500575986500 13 Wifgin  the
nmet hebidhedhiainm 4 1dyt wheheih fdweningqundepithélial flap.
hypertoni ¢ aqueous liquid. 114. The nethod of claim

109, wherein the step of cutting a portion of the
epi t hel i uhliencfhdes meshng aofm crleker atimee. Idtkereihe the

nmet h f [ 9 wherei n the itheliumis cut

it hactetr Rl G eAR el Pk 2118 W EheHF hindtfring
of clan mni6%ionhsuwciare bé tixs Bdwmag’ St APmOLE S
substantially w thout uncovering an anterior surface

of the Bowman's nenbrane 117. The nethod of claim 109,
further cd@dpri $hagmethod of claim 109, further comprising

applying an epithelial preserving agent to the

epithelium.

118. The method of claim 109, further comprising
removing the ocular device from beneath the
epithelium, and inserting another corrective ocular

device beneath the epithelium.

119. The method of claim 109, wherein the

corrective ocular device is a vision correcting lens.

120. The method of claim 109, further comprising
maintaining a stroma of the cornea substantially

intact or undamaged.

121. A method of correcting vision, comprising:
applying a liquid to the epithelium of a

cornea of an eye, the 1liquid being effective in



applying an epithelial preserving agent to the
epithelium 118. The nethod of claim 109, further

W@ ovpi2eB8hg renoving the ocul ar devi ce from bRCEES1903/028657
the epithelium and inserting another corrective
ocul ar device beneath the epithelium 119. The net hod
of cl’@o%erd99 kher ebathablue cyuhsdtaniéadiul dithewt celllsing

a Vi SéflﬁthqgggcgépgsJ ens. 120. The nethod of claim
109, rther conprising maintaining a stroma of the

cornea substantrapting i rbactepitheddamageed. pr2yida and/or
met hogh 10f 26 Qr Eﬁ@téﬁ]ﬂ:h\@lﬁhﬂnln CaO'H%rls%hE‘Q?ed applyd;ng a

liquid to the epitheliumof a cornea of an eye, the
liquid being efpéeii¥e ih WOXHGn024085 the loosened,

PCT/ %@Q§&92§§5éﬁﬂtﬁé’f’ﬁﬂd ngrduhes eQHEF&& ugk a cornea of

substantially without killing epit cells
t r eatdi’GyPhéoeprehdtdham the prritihed iamd/ or i nt ain

th t hel a t d ®
e epitheliumsiha,fy 095 Ughge r%tl%g p@ﬁell um ?rom th

portion of the |oosene noi sturi ze
a surdbdéiediuyg Emrhédleofsur’éapeaynaf ltheatednd®l ow t he

epi thel i um Se@éfﬂ{ﬁ@goé@eofg¢§§% PRLII N O I NG raised

epitheliumfromthe Surface e cornea; formng one
or noeEtiipei ef obke iqpittheliwhsehd portion of the

epi thel i um angné@ff%ﬁdrg)é%fy% E%QE'%EuQQH'aévﬁgy'ééheath

beneath the epith um t hrough the one or
i nci ﬁ%n@PlIQQll%ethr@@lﬁbdtm Qﬂ%lom mote Mme:lr@qmﬁ he
steps occur sequentially. 123. The nmethod of claim

121, further conpri sing,
122. The method of claim 121, wherein the steps

occur sequentially.

123. The method of claim 121, further comprising,
prior to the forming step, delivering a substance
beneath the raised portion of the epithelium to
maintain a spaced apart relationship between the

epithelium and the surface of the cornea.

124. The method of claim 121, wherein the liquid
that is applied includes sodium chloride and/or other

tonicity agent.

125. The method of claim 121 wherein the liquid

that is applied is a hypertonic aqueous liquid.

126. The method of claim 121, further comprising
scoring a portion of the epithelium to create an

epithelial defect prior to applying the liquid.



prior to the form ng step, delivering a substance

beneath the raised portion of the epitheliumto
woreioaozioss a spaced apart rel ati onship bet ween PEBEUS2003/028657

epi thelium and the surface of the cornea. 124. The

met hod of claim 121, wherein the liquid that is

applied includes sodium chl oride and/ or other

tonicity nt 25 nmet hod of .claim. 121 erein

the |iqui 3%t'hg?éi smaeggﬁgedog%s acq‘r?y}ﬁ'ert i a‘%‘tﬁﬁ‘ the

| i quitkeatieg Thdepet houhpafises ai app2¢ing urbhelgel to  the

conprd.si .gcoring a portion of the epitheliumto

cr eatégig%g}lég#ﬁf helial defect prior to applying the

l'iquid. WO 2004/024035 PCT/ US2003/ 028657 127. The

nmet hod of ai 2 rein the tr ing,ste
conpri ses 1?8& %%g}dft\é‘é? toofnt(ﬁ alnbp"r??{z]tel i%ﬁ?ﬁffeg’?&th‘?hegel“
met howpnghipliag mcbposihiorei cothe sgal -a cobhpbmémy selected

conposit co ise caonmponent selected. fromthe
gr ougf?gong%}?t i ﬁg&gﬁ \%8 TS0 uste Potsherptuble polymeric
mat emiagles 1ahat ervwaivest | adbled 1pbly mesd oymEatier | akSeasls and

m xt lﬁ{'&%ukggr@‘?&e&w. The nmet hod of claim 127,
wherel n the gel-"contai ning conposition conprises at
| east one cellulosic conponent. 130. The nethod of

claim 129 ergj | - .contai ni conposi tion
conpr | ses’ yd?fégygﬁl%t%ﬁyg/gcé’lfl u(FJoasl& 51]%&’ gﬁgr?ﬂsﬁ‘ h&beofel-
cl ai moh22 inwher ei condusistiep of conaiisieny aaporti®nstOf one
t he [ ' Lnocludes using a vacuum 132. The
net h?%lgpié%gﬁmr%%f%e\f\%ér ein the step of
130. The method of claim 129 wherein the gel-
containing composition comprises

hydroxymethylcellulose.

131. The method of claim 121, wherein the step of
raising a portion of the epithelium includes using a

vacuumn.

132. The method of claim 121, wherein the step of
separating the epithelium from the surface of the

cornea includes using a blunt dissection apparatus.

133. The method of claim 132, wherein the blunt

dissection apparatus comprises a spatula.

134. The method of claim 121, wherein the

substance that is delivered to beneath the raised



separating the epitheliumfromthe surface of the

cornea includes using a blunt dissection apparatus.
wa3B4/074085 met hod of claim 132, wherein the bl uPCT/US2003/028657

di ssection apparatus conprises a spatula. 134. The

nmet hod of claim 121, wherein the substance that is

del i veyrdd.omno befleattlhlet hesgiaiheéduD 2004/ 824Q@8 ~containing

PCT/L@%%?Q/ 8057 portion of the epitheliumis a

gel - contal ni ng ‘conposition. 135. The method of claim

134, wherein the geI containing conmposition conprises

a conponentsssekgcted  from group_consistin ~
wat er sol Ebl 6 lprgl(lé rreertlh(?d T erl a R\%/gten”’h&fﬁﬁﬂag{h@ gel

pol yrmcmt@waner |ca:ht@oamdlonn xbmp:essdshea eebmpd3ént Thelected

met h 134, mher .0 the g cont ai nj ng :
conpS% t1on co% escogs%:e 9 o= cwaE%ﬁp(?ﬁZH?iﬁSWl%eerlc
met hotktafriglai m #84er wheredilablbe pelymetnt aimaitBgials and

conpg%ii%%uqrglsi gﬁé%@e hydr oxynet hyl cel | ul ose. 138. The

nmet h claim wherein the one or nore
incisions are formed using a mcrokeratone. 139. The

net hod of ;¢lai 2 rej e. fo

pr oduces o%e orq}l%m%deet\gé?th%] are¥ aggl4 @er?gré FBEhSFL ™
of clcmrmalxzxingv\her@mmotsheldror M agnpsisys coOngpri sesllulosic
formng %Erality of incisions in the raised

portion ofn e epithelium 141. The nethod, of claim

140 wherein the form ng step produces two or nore

epi thelial sl a 14 The od 0 | ai
wherein the ocﬁ?‘ar %R?F‘ce ﬁg ?;]F&HH ghe gel-

| ens.containing comp031t10n includes

hydroxymethylcellulose.

138. The method of claim 121, wherein the one or

more incisions are formed using a microkeratome.

139. The method of claim 121, wherein the forming

step produces one or more epithelial flaps.

140. The method of claim 121, wherein the forming
step comprises forming a plurality of incisions in the

raised portion of the epithelium.

141. The method of claim 140 wherein the forming

step produces two or more epithelial flaps.

142. The method of c¢laim 121, wherein the ocular

device is a vision correcting lens.



WO 2004/ 024035 PCT/ US2003/ 028657 143. The met hod of
claim 142, wherein the ocular device is a contact

WO 20v8/02408%l. The net hod of claim 121, further cPOPUSBDIERS657
appl ying a healing agent to the epitheliumat the one
or nore incision. 145. A nethod of reversible vision
correction43.cGimpr imsithgdi nfecliaiy a42pr weeteie ol Gtular

devi cg q;équh [ um of a cornea of an eye
subst an‘{il al | é{;rﬁ%%t ggh}%gl ng a Bowrans nenbrane of
the cornea; and removi ng the corrective ocul ar device

from the gye. T%éGme'Engd Eh%ga% ‘ilz im 14%B?further.

conpri si ng |nsert| ng anot her —corr & r’ve 5EHPEr CHRRT LY
beneaadpiiag @puhdﬁélmgmagént heo cbhaeapiiHdl iukhethetheotbne

of cl&;r;q 6 n each of the ocular devices is a
Vi sion cgr%%e%fl%g{?ﬁe 148. The net hod of claim 145,

wherei n the ocul ar deV| ce is inserted beneath the

itheli it | fl
e ot hodad BOther gL LRY AL SR | He ot ot ion,

fl ap ofmpggdistthgl i al tissue, and inserting the ocular

devi ce beneath t hel i fl ap, 150 The net had of
clai m 145, fur tlhgfg glgll‘ i s‘lmnrgrect meni SP%?ane%lce Fereatn
noi stayr i 2eithelide efi tdhelcouned\D 040024035 substantially

PCT/ ffective N prowdln d/
mai ntdélzt%%% t%aqg)agm%t hel %ﬁ%man mj%’f%ﬂﬁgzgg t??t cornear
151. arlse net hod of cl ai m 150, vvher ein the

removing the corrective ocular device from

the eye.

146. The method of claim 145, further comprising
inserting another corrective ocular device beneath the

epithelium of the cornea.

147. The method of claim 146, wherein each of the

ocular devices is a vision correcting lens.

148. The method of claim 145, wherein the ocular
device 1s inserted beneath the epithelium without

forming an epithelial flap.

149. The method of claim 145, further comprising
forming a flap of epithelial tissue, and inserting the

ocular device beneath the epithelial flap.

150. The method of claim 145, further comprising

administering a moisturizer to the epithelium



noi sturizer is a gel-containing conposition. 152. The
met hod of claim 151, wherein the gel- containing

W@ 0vp0%ios3 on conpri ses a conponent sel ected fPONUS1903/028657
group consi sting of water soluble polyneric
materials, water swellable polynmeric materials and
mi xt fidSHhEPeof 1n 15RTOMHEIABt hodhdforc| amminbainkng ei rihe
the gelitneaAtAl DhNY ABRASLEdPtGQEPri ses at | east one
cellul osic conmponent. 154. The nethod of claim 153
wherein the gel - containing conposition includes
hydr oxynetilsyl, cehbul Qsenod 550 Theaehhod sof clajBld5, the
wherein the ocular device is inserted beneath the
epi t AQYSHREREBULh Aagel aeprsd BH Non comeoapttdrel i um
formed by a m crokeratonme. 156. The nmethod of claim
146, wherein the other ocular device is inserted

beneat h t R@%epFiferelihedt pfougtrian 1hki sibarébr medebygel-
a M RN AL AFE cohmpds it %Ms%fs | abﬁﬂtﬁ%ntf W NGt eq

conprising raising a portion of the epitheliuman
f or mgTanthg ngF Mo ncorsiidngpiathevatan sedbukdet i pdlymeric

Wi t hgyiir o rdafnggi n 0 : f.th |
VO 2004/ 554038 nggr%ﬁgz\gg%/ﬂ 6%%%%% SarTife Matforlor 2
cl ai MiELgrepuErdesOconpri sing separating a portion of
the epitheliumfroma Bowran's nenbrane of the cornea
usi ng bl unt dissection. 159. The nethod of cl ai m 145,
wher ei n t R@3octifar megdoficef scteipvddlf rerpudia eflee gel-

af t ercaatayhlihgi eNtomRIB UL of édnﬂﬁlts%st estyt helé’ak%. 0N one

correction provided b{ t he ocul ar device. 160.
nmet hGE 1168t £ e2RMGeREsi on, conpri si ng:

154. The method of claim 153 wherein the gel-
containing composition includes

hydroxymethylcellulose.

155. The method of claim 145, wherein the ocular
device 1is inserted beneath the epithelium through an

incision in the epithelium formed by a microkeratome.

156. The method of claim 146, wherein the other
ocular device is inserted beneath the epithelium

through an incision formed by a microkeratome.

157. The method of claim 145, further comprising
raising a portion of the epithelium and forming an
incision in the epithelium substantially without

damaging a Bowman's membrane of the cornea.



applying a liquid to the epitheliumof a cornea of an
eye, the liquid being effective in |o0osening the
wepiotiozdoBiim substantially without killing epiP¢EUSBIN3/028657
cells; raising a portion of the | oosened epithelium
froma surface of a cornea of an eye |ocated bel ow t he
epi t hel i unN%8 sep@r atdthgdt RE raissed 10t i Ttk rt Rémprising
epitheliumfromthe surface of the caornea; delivering ,
2 SUBSPERE orfe i CERB PAI 580 SPOHIT 0N o PRe™ bownan’s
epi t hehbtind @ ihat @bther SRaAGEAb 2PEE tdissekatéonshi p
between the epitheliumand the surface of the corneag;
form ng one or nore elongated incisions in the raised

porlti °”d°f59’ hel'bﬁpintehtﬁbbluhmf aﬂ@i}:]nnls__ﬂﬁt,i Iﬂ%e@eﬂlﬁr tﬁ@t b¥elar
ocul gr _devi ce beneat the epi theliumthrough t one
or ngFgl?%cils?’l ohTFOVES  TFAB HdthoBYDf At&Em alG(iu%flClent
wher amBuhbiecki qimé té haést StaPpvietbi neddesisadipbivided
chloride and/aor other tonicity agent. WO 2004/ 024035
PCT/ B%2663/ 79€{6% - The nethod of clai m 160,

wherein the liquid that is applied is a hypertonic
aqueous || g%JI d 19% . . The nethod of c|ajm 160, further
conpri si né; scort 303 DorEIT SN BV hEPIBRFEHRY
create an epidgpahiial def eetupdi alo t eha@ppipiiAglitie of a
liquid. 164. The nmethod of claim 160, wherein th%.st ep.
of FAFEFAg @ pditi 68Cof PR epitHE i Bt thcIUFES ddPng™™

a vaedyBhiddSthd hepimichadmofsugkabnt 160,y wWieheul Kheling
step of separati ngnthe epitheliumfromthe surface of
t he epithelial cells;
raising a portion of the loosened epithelium
from a surface of a cornea of an eye located below the
epithelium;
separating the raised portion of the
epithelium from the surface of the cornea;
delivering a substance beneath the raised
portion of the epithelium to maintain a spaced apart
relationship between the epithelium and the surface of
the cornea;
forming one or more elongated incisions in
the raised portion of the epithelium; and \
inserting a corrective ocular device beneath

the epithelium through the one or more incisions.

161. The method of claim 160, wherein the liquid
that 1is applied includes sodium chloride and/or other

tonicity agent.



cornea includes using a blunt dissection apparatus.

166. The nethod of cl aim 165, wherein the blunt
waele@seztsdN apparatus conprises a spatul a. 167pCTg82003/028657

met hod of claim 160, wherein the substance that is

delivered to beneath the raised portion of the

epitheliun@ZsﬂamgabthodtMfmdnalmcamposMhbeeln168e Theuid

nmet h of . cl ai n t he ge cont ai ni ng
Corpart i 1 BomiFR sy THER SHBAE B Bo IO ¢ he
group consi sting of mater soluble pol ymeric

material s ter swell abl e pal y.ner]j er aIs and

m xt ur es }ﬁifé%F.ﬁ%&?a%ﬂﬂ§rég%%%ii§b{3%ﬂ Lhhpg7 comprising
wher ecarihg gael poebhdiai Rigthenpasithediunonys | Sasasie an
| east _ope . cellulosjc co nent . VWO 2004/ 02403

por EBS00%} a8 55ck R S BbhiURd KNt ATTEs:

wherei n the gel containing conp05|t|on i ncl udes

hydr oxyne I c IIuI 171. . The of .claim 160
wher ei n tigX %ﬁBPe %ngﬁg?%n qFﬁFﬁEd%hgiﬁgeg of
m cr gkesahene. pb221loefn&mbodqﬁ&heuamﬂ11661ummfresnng a
the form ng step produces one or nore epithelial

fl apd2°E?8: The method of claim 160, wherein the
formng step conprises formng a plurality of

174, "Tho AEEnoN o ePREmeL73 s P (TS PR EFBpT

produegsarhvwondr tmer eeﬁ:Dli:Hd]!ﬁJuhnw fhbpsthel 75ur faee netthodhe

of claim 160, wherein, the device is a vision
corr OFPREY LArdides7BS 19 3@fﬁ§d AL St f??arﬁﬁ%?ein

t he ocul ar
166. The method of claim 165, wherein the blunt

dissection apparatus comprises a spatula.

167. The method of claim 160, wherein the
substance that is delivered to beneath the raised
portion of the epithelium is a gel-containing

composition.

168. The method of claim 167, wherein the gel-
containing composition comprises a component selected
from the group consisting of water soluble polymeric
materials, water swellable polymeric materials and

mixtures thereof.

169. The method of claim 167, wherein the gel-
containing composition comprises at least one

cellulosic component.



device is a contact lens. 177. The method of claim
160, further conprising applying a healing agent to
wo b@4epioshel i um at the one or nore incisions.PCT/US2003/028657

170. The method of claim 169, wherein the gel-
containing composition includes

hydroxymethylcellulose.

171. The method of claim 160, wherein the one or

more incisions are formed using a microkeratome.

172. The method of claim 160, wherein the forming

step produces one or more epithelial flaps.

173. The method of claim 160, wherein the forming
step comprises forming,a plurality of incisions in the

raised portion of the epithelium.

174. The method of claim 173 wherein the forming

step produces two or more epithelial flaps.

175. The method of claim 160, wherein the ocular

device 1s a vision correcting lens.

176. The method of claim 175, wherein the ocular

device is a contact lens.

177. The method of claim 160, further comprising
applying a healing agent to the epithelium at the one

or more incisions.



