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No. 60/ 410, Y ICES |20 MBBHEDS IMPRA
di scl osures of aII of mhlch are hereby |ncorporated by
ref erence. BACKGRCUND OF THE INVENTION 15 1. Fleld of
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apd net hods of |nprOV|ng a patlent S Vi sion. In 20
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a preformed epithélial cell |ayer secure over

Hevi Be- whéR/ALlackd .on Bhlale Bépeemhmy ent3, Th@002, the
bref ar e SRLNCk! ah1 Cok | Wk AP hdILrSY %9&&50&%%@ by
vitro or the preformed epithelial cell ayer 30
i ncl ¥RfEe%ANdeeast a portion of the patient's corneal
epithelium 2. Description of related art 12 Nhrch

2007
BACKGROUND OF THE INVENTION
15
i, 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 Ilayer 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 Ilayer may

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

epitheliun.

2. Description of related art
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human eye provi des between approxi mately 60 and 70
wpaneenio3sf the focusing power of the eye. ASpcr/us2003/028657

understood in the art, |enses may be 5 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 npl ant ed™ % t KICAPERe ¢br fdg, kwiaealyYdn| BYRVidgs chebween

pl acsgppaﬁmatﬂéqycq;on%qmafvtoerpetﬂa@nepuﬁh%hlgu%Baﬁlbgeeﬁower

10 renoved, and contact |enses, which are placed over
t he °€ofthtaFYepi t el iunderesperdain oblraydrii f tersds gmy be

coNt gehod@nsies bRokhRitFoLRealnONlAYaear e SORIGEANPY the
an epithelial cell layer conpared to contact |enses

t hat fafFesHlhceaprahiditipne e8r hbal e¥pi t hERpURLeg 50of vision

Becayse, &OIneAl 10ALQYS 13bEudd AC8UnOM Ainlays, which are
deepithelialized cornea, it is necessary for the

epi t AEPiamRed Wehispithicegosner, terrnealapniaypr evigh are
dam?@a@éﬂj bptecthonchentheaeye. ERLUBELERL LR [1$:2Gbeen

develop fromthe corneal |inbus and mgrate over the
dfe. reRP Rt Uikl GpntagRy LARSRT i Aoy gFewRilafed over the

exi SbbPge£0T NG& t1Nlia%s ar € drpLhact Upedyd r om ff N0t rron
effectively pronote epithelial cell grom%h and
m gr 8PRERCoveRnEdRe Bl Bt 250 RARE AR sSImverrEEd by

madeaho £fi@akeiSPr RRaL 1Y ScdpRtredt tPLod O diPIGYS s
the migration of epithelial cells over the onlay. For

exanpPat ayssplapgtepyeng:hes ceynes grjitbetddds t he use
@f fibronectin 30 disposed over the surface of an

onlay to facilitate cell mgration over the onlay and
att achmerfe%8!5€he corneal onlays are placed on a

deepithelialized cornea, it is 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.5. Patent No. 5,713,957 discloses non-~

biodegradable non-hydrogel corneal onlays having large
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bi odegr adabl e non- hydr ogel corneal onl ays having | arge
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pores in the periphery of the on%ay, whi ch are

intended to facilitate securenent of the onlay to the

t | t
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2001/3991216'62103twsuﬁ sef osedlagrmebd ombayee weehl suifagkeion
i ndeptati gps t SYPPOL 1., at t me r at.i 3
t he eplét he?‘?‘al cells o%ir t'he gjri:%aynEt S%I(EP c?l cgfgg%oh
No. wgm&l@@%@@@@llose@lay@or rf@étfl@ﬂt%xy déréwedvirbons

15 ng? é?gr%ﬁﬁttﬁ ggiéiogei 93/8§§f$%e over

appears to di scl ose an eplt el I al
Rayethpl acwdagver théJ cﬁnl ayPaWtet epPuhéi¢attiarel | NpayerUs

may Beo PR30 10T ARNQAL LT $3YReaBUGH1 455 £ ) Qﬁrface

embryonic tissue, or autologous tissue biopsies of
cor népfleris tiieasi #hatesuBPoTHe rarkaEnbn laaglsmwar@fﬁton of

requiche @Biﬁﬁl&lzﬂaﬁ' &8lilss otv%rmt%abﬁlwer BBe %B@Xcatlon
surface fail to provide satisfactory coverage of

onl ajfowi V@ @10 &8H3t WdlsicdaseFor evctmsile, Ofwarﬁnderlve(i from

%9”&%6@' Elrdedar %1%@9&' red $0 MEALen0VefhoCohPPessss
25 onlays, the epithelial cells may not differentiate

full yppWSeoWr, erlose ephe hatspalokeRhs enigmldal cell
thereg pay be@d eRdenthel hithe apl tdhaldnemib® LW 1aver

may be obtained f£from donor tissue, such as fetal or
embryonic tissue, or autologous tissue Dbiopsies 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 omnlays, 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.
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the onlay to be dislodged or encapsul ated. In 30
weadii2eo3s t he recovery tine for the epitheliabcg®kiodsiozsss?

to grow and migrate over the onlay is prohibitive and

contributes to the undesirability of these approaches.
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Wil e WO 02/06883 di scl oses the use of cultured

epi t FEHtERLER] | et chrateeatd @y ckawstc of tamdithediwhathat

My BRywsed 19eq0ver v NgalcoRRLAY . ohiafd0€9tN0dces not

di scl 0Se using cultured stemceils to create™a |layer 5

of eptitRéPPanPsirgecnltetnd ustaly celn cd | srearerdatlayer

asColgrealpi@Rbi el unirt&%don'c)alesffﬂrg 'éécé?@%aﬁépltef %Qeate

(e.g., see Han et al "A’fibrin-based bi oengi neered

ocul & <RifFeRde %lttﬁe%%nhéér wady gsicerbly abespemrplored

cell e, o00rnead, wah(e 205, 5 (f%QQQmﬂé@i %l%enaéhsgied
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ref ePEHEBE  HBAEs e wdtiRt ukRAR c@oﬁéaﬁl ep?RJH?éle\lalalst ahem

cel | £ch@svr epajfefdamnged . 0%5%1@“(5(%32%3, aAkt BOYIhpatent
corrpllcatlons di d not appear to be too significant for

d8r r EoPLagatRmdie SBUIZI02<QPRALES At )- %6t &g feRgRces
15 i tqiReYobe RRARLEI®Y | GokAekSe e%qkhgim stemCeldiSs to
Wth corrective | enses. SUWARY OF THE | NVENTI ON 20

The PEREdRAt i FEATREN | LWPECct e 2g6or neal Although

appl icRRpeeat R AiddeviCapblat 5 5 rild WigthilF@cant for
nprove a ]E_)atl ent's vision, and nethods, of i'nproving

or cé’rolréﬁF H@gadﬁ‘i%ﬁqeé‘ntocéﬂ@irs@é‘ﬁfa% ctf néag noted “that

appl ii@neRynae proBiSmHFid tENidLUhe 2Bl acbayer10d with
25 epithelial cells disposed over the lens. In one

aspeCOITERELEHIHCREFPal cells may be

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 zppliance.

In another aspect, the epithelial cells may

include at least a portion of the patient's corneal
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fromstemcells obtained fromthe patient receiving
wOoQoadre403er neal appliance. I n anot her aspect, pPO®WS2003/028657

epithelial cells may include at 5l east a portion of

the patient's corneal 12 March 2007 WD 2004/024035

PCT/ e1820@3A08866Hatc Ieymi t th@lehumstepatahm b€ Bowman's

and/ or the stroma of
e L b b e o e Pl arlelS SHERTE.

invented that 5 addresses the problens associ ated

with current corneal _onla and the use aof

epi t hel | a?‘ Olmeail B u:'hcrtci on T8 t PEM aydivepied  that
addi taiCk,ﬂIESBEB hobs pfol:[ﬂmrrlsecatslsbglate@aﬁritﬁﬂtc:‘:_tx\dcle$1lt0I&:orneal
have n |nve t that | clu ert -
cor rec%' &0l ?19% Pberte: lt"ﬁ #%dﬁhé%ﬂnjuncuon
epi t helthunemfayshe pani anditAoaor m@dhoatapldﬂaneeriétadmgs a
stru I to be, Iac d gver a dee allz eye

i ncl E’%&s%gltl ensv%fh aé’)?er Fnepr h? I%Clude
fi xedingeposngi omedcmmereﬂmet hechesas. Jétetcezpl lbl&e.btaah the

clgl I %Og‘%ﬁwe Iéﬁgr%eol Bhe ké))le ggékved fromstem

I OWn or nmay be
ep| t hel i al cel I S of the patient receiving the cor neal
appl i ance, T m cel ] s _used i ncl.ude corn
limbal steém !cgzg afi p%%lart)ce EBaexc UsPVELGHEST egP be

| i mhaltasednoeet| 5. d@méahlap@ilma,ncaﬁdds sal nsesl and
her ei A .}_ bgf Q.Hg f{ﬂ equeP.'Ys IQ_r ggfsfgégf onecpgover

steps 0 cultur em cel TS Un
flpacttihen lefnst.he ’IZ@ s&temh@éh.hs kavyés doEf ehenhpglttalnémtmay

cor n%@' QE:U}%& azjfro Celst%m glfgpl ywhl%h pltré: Ialglzr’t\x of

cel | s obtai ne from t Re “Cul ture over an an
surf stétofea lognsmayo Per mpithelial cells of the patient

receiving the corneal appliance. The stem cells used
may include corneal 1limbal stem cells, or may be

20 exclusively corneal limbal stem cells.

A corneal appliance, as disclosed herhein, 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 secured2 March 2007
over the lens before the lens is placed on an eye. 30

wbnosagdidsson, a corneal appliance may be obtai pefyshvaiiesss7
process of inserting a | ens undegneath an epithelium

of an eye substantially w thout exposing or 4 12 March

2007 ,n\¥0,20044 0@&93&%913@&09849%?@5 ueaddh SR =1 28uing
the underlying corneal sdrface and allow ng e

epi t e gritEloe bt iteele yEiadlvedeoveed tdwed ¢hs. 1dim

| ens of the corneal appliance may include 5 coll agen,

i ncl udi ng reconbi nant coll agen. The lens nay be a

synt het i c Ther okatshaof ndhe dexinead oapplidncepowey , ioplude

the 1803 .5BY bﬁn@?ﬁiﬁ%?%éoﬂﬂﬂﬁ&ﬂ?' c8L1A0LL hvdf}%ehens
material Suitable for Vvision correction enses. e
| ens M7y PR &t rettihegdcot gtragn| ihaniegl 02 ateathegnppbical

the celhs, t8rtPRe! 8O% 9 bexagagefr&f(y? c%f&tcgg%g or non-

i ndentations in the‘ ens. Alternatlve 0 _
addi tiverogehe apperimce switabdel udera celdiginar correction

at t aghpeet, el emppt digposed het ! dEdLnEo i Ll ate

epithelial cells. 15 The cells e appliance may be
déri wédarhpant caft ghedcsibin kel ket Rgnsar dogr ewample, by

Vi VO QLa®Xn¥i YAdenFica%2NR! &net hepcel | SAf@iﬂnQ@ively, or
cultured in"a culture dish, and then transferred to

t he Ii&nsadfhelqmwl | $hanyarrd ipacer aray edpsduflp 2 cellular

SUSP@RSLEANeRE 83cRedt?YElsiRfsedCld SreclN&ice! 1 chdB¥hPeLRe
cultured on a surface of the Iens. For exanple, the

cel | erdapebeat faldded on a lens positioned in a lens
ngl d adapted to provide

The cells of the appliance may be derived from
cultured stem cells that are grown in vive 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 sultable for culturing cells. @ 0Ox, 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
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cells may be cultured on the lens when the lens is
wolzeemd4o3ser an eye. The cells that are appli epct@stdigozses?

| ens may be stemcells, a mxture of stemcells and

differentiated epithelial cells, or differentiated

epi t Bel kakp CoE | SoMHNQUhL 8k ePRE A 1Bien?O nkReePkbetddlby
cells of t%e corneal appliance may also be part of a
| ayePeRRr2lorealtbepi eREMIIHUBf £RE™ pdts erforfiggei 9f nghe

t he ?Qeié@m.ce- THOL Iag, b8 bé¥sTetkd WHeGRvEE0froRhe
2004/ 024035 PCT/ US2003/ 028657 7 or flap of epithelium

of tFRerpRdi eP¥ WAy be EpehidblbyrenRPesr dtq ngredte & flap

epi t Beht UehE oM t Rercordlear O thbe reRaLhERY - ofDENd BYRN of
may be conpletely renoved fromthe cornea, or_may bell
ce S

pa‘\r/t the| Patéppved tBrecriames 04| 5% ehaerikhat

attaghedihent Be rAHBEAI Bde£PLhdICl biin Bhay tHE PALT 88ineal
The layer or flap of epithelial cells may then

| be .
pl ac@8BPbiACe -he P Gpodinete ddthddyerapsl ierathelial

- I'n operesbadi nBRtoudRd aver apta@pi thel il 16851 Bob§ by
encouraged to attach to the | ens body%]kgz5 10 providin

a0 suBpehkidif of STUSRCEELPR GFershse F p8y. the Iens

addi bbap, the £8aihd,akneekpstrEuife 2108l hayObe tH&art
epitheliumthat is separated from Bownan's _nenbrane, |
but PRatthe SELtPatHtBf RAteptt hASPRFaFPp. fXqpr Bowman's

exanpbgbrihe epit hedddl iLaldes gy e anPediicas1041 16iap.
an epithelial_ pocket, such_as, a fortl on of a = .
pr ef 6PReBXPEDEF, of e fRITERLEAT t ARLls sP3BCht ed PRATtion of

- REOXhAl t ¥pb ehahefe theKedyer s@ént hgs gpi dhepbradiegioss a
to separate fromthe Bowran' s nenbrane or strqma of )
t he Eygformed layer of epithelium that 1is located in

proximity to where the layer of the epithelium begins
t.o 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.
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herein are included within the scope of the present
wonvemkiss provided that the features incl udedpéTyusiigsiozses?
such conbination are not nutually inconsistent as wll
25 be apparent fromthe context, this specification,

and the know edge of one of ordinary skill in the
art. In addition, any feat onbi nati on of
feat ures BRYEF RESCRIFTIQ BRES f r om any

enbodi nent of the present invention. 30 Additional
advant ages _and aspects of the present invention are
appar ent ARGt hé fHF| Gwi Apdremaitled? Festippeiorvies ©f a
Mg Chy2RQ7evd0 2004/ 024035 PCT/ US2003/ 028657 8 BRI EF
DESCRI PTI (]\F(]: THE FIGURES FIG 1 is a diagramof a
sectional viewof a 5 human eye. FIG 2 is a diagram
of a magnikgedasest s oagh MW Af nhBR: BOENCHR A1 dnAE view
human eye of FIG 1. 10%IG 3A is a diagramof a
frontfHplthn GPEWDOLatheohweall exgpPfaft®, las descri bed
herein. FIG 3B is a sectional view of the corneal

aﬁ)pl iance of FIG 3A. 15 FIG 4A is a diagramof a

f¥ont pl aRlGi eRPoflsSa 2 | RIGFFe®h P afEUithertan view of a
appl iRe.a1 asppiestidebeds Nes £iMpedFhée4B is a

sectional view of the lens of FIG 20 4A

¥IG. 3B 1is a sectional wview 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.
290 4A.
FIG. 5A is a diagram of a magnified sectional
view of a deepithelialized cornea.
25 FIG. BB 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.



FIG 5A is a diagramof a magnified sectional viewi@&March 2007

a deepithelialized cornea. 25 FIG 5B is a diagram of
wohenageapst hel i al i zed cornea of FIG 5A wth Bcrosnmesblses?

appl i ance placed over the cornep. FIG 6A is an

illustration of a front plan view 30 of an eye in

whi ch a pgef ordged; epht hekbkabngel Lidrysf ths koemed asic.
a flap. 12 March 2007 WD 2004/ 024035

PCT/ 652003/ 028657 9 FIG 6B is a sectional view of

the eye of FIG 6A. FIG 6Cis a sectional view
simlar to FIG 6B in 5 which a |ens has been_pl aced ,
on the de®si-t P& L&l iazé&ctéwjan‘ﬂlefﬂhélﬁ?-%$’6r,%de%ye§B 1n

of ephidel hurLhgs theﬁbeegl ¥edeqven ithe |RRpitheGalifed

is an illustration of a front plan view 10, of an eye

i n wA¥eh a&@dpridicor ReRtepiachel 2¥8 T cef| sPafRpliym fgphpen

as apPeekelovel! Che 7TRiss @ sectional view of the eye of
FIG™ 7A. 15 FIG 7Cis a sectional viewsimlar to

FIG 7B in which a |lens has been placed in the

pocket. Ffg, 8A iSsafni khuséttion Qff & ffat Pk view
view 20 of an eye with a relatively | arge, incisjon.

P G °BE2Ps ¥PnilParMiGhriaG PERAORE SP&RRFHE: cell laver

I NCi $50formdl EEG: etk Simlar to FIG BE with a
~smaller incision. FIG 9A is an illustration of a
front plan view

FIG. 7B is a sectional view of the eye of FIG.
7A.
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. 8B is similar to FIG. 8A with a smaller

incision.

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

incision.

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

30 epithelium.
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wo&Cl4da393/ 028657 10 FIG 9B is a view sim | geT/1192003/028657
FIG 9A in which a fluid injectpgy is inserted into
the incision in the epitheliumto deliver fluid

t her ebeneairh. d9pFhk&G 29Giks @ai5€¢Liopal e f i hgney
of FIG 9BI aftgr th(ae1 f|lUI d F}Las %Jéeggdg ?v\gezgd lE)enléatlﬁ @

the WEptitheltifftor| és orgesrtgdseattioontie virwission | the

to Flite1htn &P Mhiehraclens dhas-Destinserted
beneath a preforned epithelial cell layer. FIG 10A

is a front plan view of an eye having an epitheli al

flsap withgap, syperd of |diaeahedyiLposs p RQLL 'an FIG. 9B
FIG 10Bis a front plan view of an eye having a

cent radfite&pi ttﬁ@l i dLuidici BR®Nn. boen I delieeeds depeahk the
pl an adieWe@huan e€ye having an offset epithelial
incision. FIG 10D is a front plan viewsinilar to

FIG 10C in which an offset incision is used to form

two flapspréd whtds Oa[fs%ﬂitl%hagev@%téﬂﬁﬁarﬂt@ FE‘E | §cain
front plan viewsimlar to n whi ch

dént rAILCBpi @ héPRal bRficiReBh F%S%*@Ptéelﬁ%ﬁftﬁ# @wrﬁfaﬁrged

Wi th ofifseti 18l n@a1pesyeens. 30 FIG 11A is an
~illustration of a front plan view of an eye having an

of fset epithelial incision. 12 March 2007 WO
2004/ 02403’56?@(&#&2@%/%§5§1an view of an eye having an

epithelial flap with an superiorly located hinge

15 portion.

FIG. 10B is 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.
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11A. FIG 11Cis an illustration of a perspective view
wb 2064/024d38! ded | ens configured to be inserted poT/@B2003/028657
epithelial incision. FIG 11D isqan illustration of a

perspective view of a folded lens in which the Iens

is fol ded ml@naidg sis 0 sdHiongs RiGy LeAths %p»e of FIG.
iIIus{%ation of a front plan view of a corneal onlay

| ens. * FIG 12B is a sectional view of the |ens of

FIG 12A. FIG 12Cis a magnified sectional view of

an edge of an onlay lens_in which the edge is

rounded. Z0%I &1C12p PR ALHRRfHFien sécei Bpuspattdweofview

ars edge =0f randanl aunk ennisAgbigh M"ebgdgﬁlseriﬁlebid% Aan
rounded, .anterior portion, and an apex on the

post ee?F?J(ﬁhelﬁéllt tBRLSIPB-FI G 12E is a magnified

sectional view of an edge of an onlay Iens in which
the edge is simlar to a,_knife edge. 30 FIG 13A is
an il lust fdG-oft15f ig F?oh%lltﬁ%tepémpfoﬁ BRTIRAGL vRedew

St r UGl fIrLded1eONEASt i @Nurdd @t ey 12 My &y 2004y its
WD 2004/ 024035 PCT/ US2003/ 028657 12 FIG 13B is a

s¥ct iHIGirew of an onlay lens sinmilar to FIG 13A
in which the posterior surface of the |lens includes a

torus.
FIG. 1l2A is an illustration of a front plan view

of a corneal onlay lens.

15 FIG. 12B 1is 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.




5 FIG 13Cis a sectional view of an onlay |ens 12 March 2007

simlar to FIG 13A in which the anterior surface of
wbhevdoanssi ncl udes a torus. DETAI LED DESCRI PTI g¥rudfRofe2s657
illustrated in FIG 1, a typical 1human eye 10 has a
lens 12 and an iris 14. Posterior chanber 16 is
| ocat ed pasieripIpt @si bl Ssektidndlanti@ll Wr CHAMGRAY8 1ens
is located anterior to iris 14. Eye 10 has a cornea 15
20 1 g H S5 fi%e iPayBieh kbegpestmsiar HundrRe of
One ofhd henlsayeesudéedrneakuepi thel ium 22, lines the '
anterior exterior surface of cornea 20. Cornea
epithelium22 is a stratified squanous epitheliumthat
ext ends | atrerali3c t ost he ddd¥BURa82.vi8l |dsmOus 32122010ns
corneal .epithelium 22 becones thicker and | ess regul ar
to detiHethe T onjUncti? & 4highg the jantenipat syriace of
magnitteed evisenOfuddie af k¥eus ) ayers of cornea 20.
Typically, cornea 20 conprises 25 corneal epithelium
22, Bowman's nenbrane 24, stroma 26, Descenet's
menbr ane P&TaaneD eyxhuiiteriown 30.  Corneal epithelium
usually is about 5-6 celT layers thick
((approxi mately 50 m croneters thick), and generally

regener at as heasthecapriteatcs i1 W adpi3@108608R! eye 10
epi thel i um.22 pg viggs a Jelativelﬁ snooth refractive

surf &8 and°Ra| BRevEhtL5ir déri oROBFeTiRF chpgber 16 is

Bowmaricatsenipoaner2dr | tesibes ween sepi hebiror 22namidh 18
t he §E£Epa 6 .and.is,beljeved to protect the 12 -March
2007 FR03RESEIPCTIUSHBt/ b8655Y2 310 cBrRed FPEMRA

i8] u2p. CartneminsikELMBL26ive Bayewd NadLdyi fdusdehUnBrOin .
[ [ 1 h
CO"%%%”<%P'%QeCQQ§SEQ§ ggrnéglségﬁtégiium 22, lines the

anterior exterior surface of cornea 20. Corneal

epithelium 22 is a stratified squamous epithelium that
extends 1laterally 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




fibroblasts and keratocytes, dispersed therein. 12 March 2007
Stroma 26 constitutes about 90% of the corneal 5

wolosdrass. Corneal endothelium 30 typically i ﬁCﬁU82003/028657
nmonol ayer of |ow cuboidal or squagjous cells

dehydrates the cornea by renovi ng wat er fromthe

COr Nerrl adh! sAYTRY. COEDERLS JOUMCAIeY PO B0 4o

pm (0.5 t hi ck s typica evoi
vesseﬂtéfuCEPﬁBuyfszcolthmm i whikhG cqgutalensa ¢adgison gich as

tr anSﬂltblr%Bia%@r N neq{eggw%gge;cl eEt@FngQ%I oinersin.

conj unctiva. Linbus contai ms stem ce
15 capdsre of26d| ffomsthtiees ngpkotto CdBnealt equtehelqoaheal

ce) | hidkndesCr i b%ﬁ@g@l Nenddeh g%f@ﬁ" @Opltg,pgsglﬁg has a

been i nvented, as il ustrate
str ué‘tciﬁlPééY?B bet 2@‘@ FEbaidader o deapbnbes | atdlded that

eye mgaaategen@ﬁ@ Iabxa@gprwesreal&ﬁga Ha and %éoﬁyel&he
of epithelium70, or a layer of epit cell
| ocat®dnGder e ARHE. humapnearnefpls a?lﬂélC@les about 500

str Ucﬁuﬂr edl. 5 @l t @hithe adoCisi pg, capaky) | Jié\lr&ﬁj 0b£8p100d
patient's eye, and 25 preferably,” the corneal

afpl i¥&F€€LPs structured to inprove vision of a

patient. Corneal appliance 60 is intended to be

pl aced over a deepithelialized cornea of an eye, and
accor di ngFy™Pedr ntal  8pPVR aride BEGmayls bdsa eor¥radon of

onl aybraQek Beshs apPihance QQrhBs! UdBS: Gl |3§(’ﬂrer9f and
epi theli,um 70 which reduces the healing tine of

pat i &PPIPBGE YRd abiERuss Fgsrptadns cobpuret kso which are

cer nelpagnkayss Wi chedepengt oty t Rerbegenenai orb;ﬁrtﬂehal
m gration of eé)lthel ial cel|ls over the corneal onlay
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A corneal appliance 60 has been invented, as
illustrated in FIG. 3A, 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 is 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



after it is placed over the eye. In addition, the 12March 2007

prefornmed | ayer of epithelium 70 provides nore uniform
wepbidekiozal coverage over the cornea as conpar edriu82003/028657

conventional corneal onlays. 5 Ag disclosed herein,

the epithelial cells located over the |l ens may be

obt aixped: f ReMilshep PALdENbve s €6RE VEDE. t herCokB@Btion, the
appllance and may be derived fromstemcells of the

pat i BRETORIRGh LYY (AfaloRetBA e GHl [REOVHEE RS BBl forn

cul t lé[:)@ﬂhéIlLa\m t eevipagief Lert R | 3Y@e0f agPidddlairdd to
of the appliance. Autol ogous stem cells contribute to

r eduCEBAVEHMATSde APENEF. SiPé¥Senced by the pati ent

recei ving the appliance as conpared to corneal onlays
that utilize non-autol ogoys sources, of 15 epi thelia

cel s, suth @59 Bt Mergonr cthy $RttdeliplsSgdls| pocated

addi bivep, tis€ OfeAl iRt - BRECLHLLI FdEMEeRl | $heedysesent
t he amount, of bjopsy tissue required for cornea

onl aySCEsYHY nkber £ogpeat f F@Péh?‘?%ﬂ'edan‘épf"laﬁelﬁeal derived

cel | $roR0 shbherRalV sy, thdepd e, Ofsuepl el 1 ahnel sem
be. formed by detaching a portion of a patient's

31 t FEEHom FBLEh eBPE BF CPIHEPRAlT [THETPhd® Rt the

r eseghgdr agfl éﬁﬂh@l@ﬁGbe@ﬁK BMET i hceQl Ned@lto®BLaYs 25tem
.. after the onl ay _has been pl aced over the eye. The

i nci SPOHS aPORIA RS i GPirefe IHRIRRIPTHFSE Yt REPERISCed

as dbgcynsedabeset NretoiViigtidien dpbeightayas ncampared to
desired 03|t|on over the e e The preforned | ayer of

epi t FBFPSAL cePfaytmbhalt sEEbhine POPTPBECPIRHR agprces of

pat i epttlsex::mnealelw; t hﬁidhu mak hatrdiasehBeyorfiepabat egetal
fron1the under£¥|n %ynan S nmenbrane, Qr corneg

strofaSS%he pr L8%er Y8y Pe §@Eé?%ﬁeﬁ??9%ﬁH%tﬁ¢em

cells reduces the amount of bicpsy 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 £flap 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 alse 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



underlying corneal structures with or w thout making2 March 2007
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weopbddnehozal fl ap, depending on the particul ar peT/us2003/028657
enbodi nent of the invention. Forigxanple, an incision
may be nmade in the epitheliumto provide access to the

regi omn beép\sﬂreltlhe egilbpel i dEpangiRBowe' &H@nbﬁ@ftqcuiar
The e dﬁl iu an be s ‘gar ated from Bowran's menbr ane

by in I?bo &R 3 SE}b%rJa? P RPoug O h8X R i ot T sion

separsdprbarmadee ia suegepﬁ&hﬂquooprgaydé i@ o the
subst ance t at can %pct ed .t hrough the incision.

The SapaiAt of° BFFEcty eride £1%h EAPIdh &l |“&ﬁﬂbf@ne
f rsom mmmemmrm m t fpdraSieanickbg aﬁédnyard@%nm

Bowma}o i er, the separator may als
enabl'& If‘ejiogfl Q?%gy sﬁﬁP?r% Tt ke dee ﬁnléﬁ/ﬁ% s The
nenbrﬁp@,ramthmy ebsd astitgd dan d@éﬁ@dengor_B Nifclude a

menbrape, which may facilitat acenent of the lens,
is ovel%nb "RECE FB% SR8 msy H?Jcﬁ‘f%eél rreuphpitdeanidcision.

sat i sftect mepah&m:r ngaﬁfectli]eefye seE’éﬁa&@é I eed Ve&pithelium
ul dev syc a_corneal onlay,, may then be
.Olﬁ’se &d becf We8n>t ﬁ‘&m%ﬁ??%er"fLEh?%dS%wrﬁdﬁagtﬂ@nﬁ@&ﬁgm
Advargageals| yenbpahdi s emdadictentshd heempidthel ikky i S1so
20 not %SgUIde to,be reall i nsertign of the

ed af
ocul aFeavi Ce FoARGTRESAI P ?1 ?wbr{')?)l Bfisgfiet kB Gotmap's
devi m@n@nraneeduweﬂhowmongubﬁta{tﬂallllpgs ,datBgihgnS Bélman's

IS ed subst i xed S|t|on on an
eyemr?rleeﬁﬁD | ge t ogéc efigy 8?3‘23(%%5? epl"’hc Bt £t i Hrg ylens
25 | dometri cahel esisyorzhatanids pzbgceﬁrmbtaan e¥@eSOrhpad and

t he Is [iumi wredt egenerate nd m grate,
over S%m' EQ?%%%W ?Lerr’ig i TY80or nedl eap;ﬂ aRckive

60 rm:y:uber device, .such as a corneal onlay, may then be
inserted between the epithelium and Bowman's membrane.
Advantageously, in this enﬂaodiment,' the epithelium is

20 not required to be realigned after insertion of the
ocular device, and misalignment problems of the ocular
device are reduced. mong 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




30 fabricated fromany suitable material that is 12 March 2007
optically clear to permt light to be transmtted to
wolzeowrtessa of the eye when corneal appliance BOTiU$2003/028657
pl aced over the eye wi thout conpnem sing the ocul ar 4k
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physi BhYRicloigyt hef eywhe Lems% 40 Hﬁsam@mfi%{pslhg?gl aexatgeé:ior
surfage, osf eriQr rface , a per _
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4B. .Qr..surf 42,1 s _typi 93' convex an
postéﬁsg{élgﬁrrf %{ﬁ%%i §4fy6igc§1]1 _ SEgﬁE%e}nhgﬁé%er 4A and
. tthe {Post er Rokesinyd aserfiage also BCl thge: dagg%,og?&glrele;y and
| angl, QrLiQns rfaces rrrage_susal
BI angéo. Létrr}gg4os"9rf{f3?%§l s%ci ﬁél &cVé’lﬁ%‘l Bt i ©FGRE. 48 uiRaST
10 a.lperi phet@tiozonslﬁaceTyxp%pathyp Q@bt ELGdéor&?;gg%f Smore
boun ' al zonf?1 or in other wo , )
opt i @%&%& ﬁ%ﬂé:g?g% alfy sr}lgcn FSF‘fyOFoé‘E'tYeobe_ab%‘ﬁHSthallY
~opt i ¢dlanaxi.s, LenshdGsnay celstor a.hccl_mpﬂé caﬂa %Xﬂti&; b et lzj?sand
l;@ns ;Aan ' r ong, 50 i i spose ween an 15
edge ofg%gﬁ%@}gnzéozfé aﬁ% permlsyﬁ%&ag??’ Edé’é’%&%. zone is
Addi tiogmdiedz dres panipliers. coofie guoat i ﬂﬂs imiayqt!@e]r r words,
- proviged wi t 4,4 hesl ens depepding . on,the particu ar
vi sual defi cﬁncgse eri gncgd qoe)% fcﬁ_% PatiERESS | peout an
addi OPsAcathexfiensescays have:gphnall gptb@&l z;a‘mm,l, l@ﬂg{rﬂhe
20 aghuwo Qiq MBLE:ARNES t%wozg panat ve a visual ly
optically %{et ggt aBE.i € j unction. the Sz ohe®Fe Retween an
fens€dofay oBe SpbbEh 20RrE Coff i mmijs,peaﬁqbthéh&lll e8s§s 46.
may Req9pticA |y i mged t,q correct..not_only b
refractive errors, but also other Opt ilgmé%%’ﬁ’étl dHy of°e
provided with the 1lens depending on the particular
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 Fjunction. The zones of the
lenses may be smooth and continucus, 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




25 the eye and/or the optical device independently dm March 2007

in conbination with correcting refractive errors.
wondevesssd by persons skilled in the art, | enpct@simdy023657

be structured to correct visual deficiencies

including, and not limted to, nyopia, hyperopia, 30

ast i gamlismcefaméb Pﬁ@gsby@pé am%ﬁds@daﬁ_nsw&v. &:@{é el focal

i mproye visua ficiencies by either optical means or

physi ié%?s’neéﬂgllf‘ ed" gt Be SISAELER, t e Rifocadr lgns.

conbi Trat kdaithet,eobr Ehusrndtheehons t4Q ofer@OrfifahadZve a
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appl | BHCE 60 ey SHERadfrohdt otHls | ridissraheduin i Fifsal 133,

| ens, 13mclardi nBc .wi tisutexanplé At £08), 1éndi PGy | 8R8ude a

I n addition, ar _al ternat'vely,Pthe l.ens, 40 ma

[

. déj ric re 4 c Y b%_ a
toric Ters, "SR 45 tHhacPeaYi PRusffasktVs iisraplagsg, on
5 13Byn aage 1&@811%!11 ?@aﬁghﬁti@?tbe&&régﬁﬁam: %Liggs 2he
toric i,on ich may he effective when placed on
an eyeeft\?\ne%ttﬁ 5’% gggl gty ltSB"corT?‘SctleB? ‘i‘%o‘gﬁé infdude a
ef f ecteriaf tdipiaastigmatdamedTha RS Gosd@Y ol-NGhdgca 44
t ricO{e i on 4I?Sa4 cated on the posterior surface 44

of %t he'T el %0 Cras S HEWY™ FFIEEC- 1388/ 0Tt fiBe| dREs 40
40 mmy incllude a torie refioan 48Blbegat@b®tid@nterior

ant erj or surléace as shown_in FI
ce

- Hea 42, ,8s Sh G, 13C,
Advantagesus! 37/ B8r it oPBnsEs Fb§: bé3Gsed RFYHBtAgeously,
requitrdmig dldslelsastay the nBsdd abitHy@pefeqikeAyaki ®A10Est

the l,ens an.the eye 15 since the |ens be held in a
G QI P Ra PEGBET « PEIF B AR 831 LREI 8RS 0PNt Fae ove

relatively Tixed
dppl isimce. toseens maypabkasiermyibe Drovidedvely fixed

G SR R T R S—
one & heitkatthi nagd R0 pegrics], Sfichiedirode Of THOKRrtain
i nf erein@)%dgﬂgégsr,, Sgggr'gﬂs 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 concentrie, 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



thin zones. In I enses configured to correct 12 March 2007

presbyobi a, the |l ens may include one or nore designs,
woudh/egoisoncentri c, aspheric (either w th posetTNg2003/028657

and/ or negative spherical aberragion), diffractive,

25 and/or nmulti-zone refractive. In certain

enbioment 52 Ofmt he pe&fgalbigppldnencdiattert hef | €ns mays
have an optical power rarllgi ng fron}) a@oﬁ -10. Ql‘& 1
di optidrls o PEEBEED +3PWo Ui BpeBRs2PIR” att HBtgh Bth&Pt*¢
opt i fRle pOREtheMBYehte pYpViLad, addthesSUEBodt R@out 5 to
optical powers are within the scope of the  present

i nvetaven L ITyB c A7y PrETRERRI T scdzﬁ?g‘alaboﬁgp i Tk
W | ladraiee 8 dirgnetar deinseen. abourhet optind zbdeMaiph be
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mm  BeFtedrdnqr %@edﬁ. At PP EFIPRe QrenROstfor furtace

bet weerrhabaghs/ mm and about 10 mm The optic zone of
the lens typically ranges fromabout 5 to about 11

mm and preferably ranges fromabout 6 mMmmto 5 about 8
mm in ditget GostBreoept isurzoBe MBY bechepr oMérded oh  is

either the anterior qr posterior surface..of the |ens
Fhe Wéﬁ?&ﬁ%ur?"é‘cfe‘g&?eah 9 ofEbRET ALY §0fgn *Nen
spectid calderieentugoses 40 £ubsipdrhedldyiadd gryen t IThus,
the anterior surface of a _e%Bi tgel ialized eye. .T us, o
t he PEStRIT G100 FREE36R Phe TPENSSRS Ry cIUtFe "SRe

or nef endfhaiphealicel asphsslicrdlcadi aenehaitmaniviitha abasse
curve that, ranges from about 5,0 to about 12.

b it Caseoraary PR Sulite e MReES dgan ™
9 0 inmii=ardeiDr erptefaslablairoababbul. 6. drmut ocabxnsut8 950
mm  The thickness q_,f s 4 or .near. the

cent®r 1" 9 S (‘n'ir%gf:}’l ?ncéUtc&n‘ta&ermf M iarssd) 8- mm-
typi ™ I9hickness of the lens 40 at or near the center of
the lens (i.e., the center thickness) is typically
greater than about 10 mnicrometers and is 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




greater than about 10 microneters and is |ess than 22 March 2007
about 300 mcroneters. Preferably, the center
wohlbekmess i s between about 30 microneters andpeb®yio03028657
200 micronmeters. The exact or spggific thickness of
the central region may be determ ned on a case-by-case
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posterlglr surface 44 ﬁiﬁshown at in FIG 12D. O, 15
S

the 1%nd%Bdg2 FHR e ed"%t a knife edge, such as

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, lens 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 c¢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




at 46B as shown in FIG 12E. Lens 40 may conprise 12 March 2007
synthetic or non-synthetic materials, and

woaoniinaissons t hereof . As used herein, 20 thepohi8s83/028657
synthetic materials refers to maggrials that are not
obt ai ned, for exanple, are not obtained directly,

f 1 om il sublepis. Powsinsyntdetdqen, Mbefdd! So1lagen,
speci fically exclude donor corneal tissue. 25 In one
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described in these PCT publications may readily be
adapted so as to produce many different types of
20 c¢ollagens, 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, using
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




Alternatively, or in addition, reconbinant coll agen fbMarch 2007
may be prepared and obtai ned using the nethods

woizeelinsesd i n PCT Publication No. WO 93/ 07889 eetN€r003/028657
94/ 16570. The reconbi nant producty on techni ques
described in these PCT publications may readily be
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12 Vapphi206F, WO 2004/ BR4EI5mPGT/ WER0§SH 2 865ur 2l As
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t he cellLagebtbyned| fuom ngeregarsipe nsiwnesf megr ateedy ttes be
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not gepgrate gl | %&%éh%éﬁonso% O&ex%%%%ri% € aanfm N MRlne
I mrune response. Accordingly, the cell’'s nay be from
an alkkeegense. soundeermalivedy, anot hembpdigents awhere the
lens is placed over a Bowman's membrane that has one
or more openings, keratocytes from the patient®s own
20 stroma may populate the collagen lens, and the
integration between 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 lens, and will produce a collagen matrix

30 similar to a normal stroma in vive. 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.




10 aut ol ogous source, such as the patient receiVvingq12 March 2007
the appliance, or may be from a xenogeni c source.

wondeveised by persons of ordinary skill in thecpibi003/028657
cell s obtained from xenogeni c sogpces nay need to be

nodi fied to reduce the antigenicity or inmmunogenicity
15 of the cells when adm nistered to the patient to
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hycr sgel o ae EE AR BRGS BFBRLS S rinD Al Pike <cper-
itA the art. A pol yrrerl c hydr ogel 5 includes a
D ool gL, PO BUEY, R LS L e
swol hatewials water . c@uﬁ:qrmaltsc by¥dr atel s disclosed 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.
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corneal onlays, typically have about 30%to about 80%
woQodwo2wess ght wat er, but may have about 20% t opeb®osioes/o28657

90% by weight water, or about 5% to about 95% by

wei ght water, and have refractive indices between
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Pat elptarbbcuiﬁaﬁl% b hon-donor corneal tissue material. In
one embodiment, the lens 1is made entirely from a
synthetic material. In certain embodiments, the lens

20 1is 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/ozr
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



5 Exanpl es of non-hydrogel materials include, and ark? March 2007

not limted to, acrylics, polyolefins, fluoropolyners,
woiizbo4ma403s, styrenics, vinyls, polyesters, PCT/US2003/028657

pol yur et hanes, pol ycarbonates, eegllulosics, or

proteins including collagen based materials. 10

Furt beF i, deRBBsAQuABYOLOMIREe Bi6Rhhi8EOMd corneal
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distance between a real light wave front of a central
spot of light 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 iImage wavefront and an ideal
25 reference wavefront centered at an image peoint, 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 WNader, N., Ocular

Surgery News, "Learning a new language: understanding

the terminology of wavefront-guided ablation"”

(February 1, 2003}, an aberrometer {e.g., an



epithelial cell sheet grafts fromlinbal stem cells 12 March 2007
expanded ex vivo on a tenperature-responsive cell

woutbdumesssur f ace”, ARVO Annual Meeting, Fort SpcT/us2003/028657
Lauderdal e, FL, May 4-9, 2003. Jgsh accordance with the
present invention, the polyni pam conponent facilitates

the ;i0 YiVohat tRghMeRL sQfed henepidRekhimine biie diengye)
at substantially normal body tenperatures, angagaﬁﬁgses

hel plewl ben usedc&quireasire whai cbeHEteghdmaget &

remyyed Lr opt heyeye, ubya coolidiz et e eeupar ofi ssyeid
The cor_rﬁ{eal appl 1ance di scl osed herein rm% grovi dSr
vi sicoeiecke@ctdme t ha siRljidét i n Bfded ®XgRRleof YhiyS 2

ger&:%it@. gprbadi ne$hath8gC Y Nedbw 1onapP! kasael ! efikakson
esi gneg to correct or reduce wavefront aberrations b
of dagaetent? stRRAEivaRLYaverEsHt 1PRBEr L@StEn He&M Y Pe

thrfcﬂ]r%l:\?@é?isjﬁmgrpf@{é |fp%pCifL bhe rébsdancmetteenetina

-real light wave front of a central spot, of |ight and
a refferidic @aderhde, e¥egto SANPERIA DOPIPHerigHt source

shapg, @s $ReWHal N ThE 1igf W PerPatedd fom the retina
6, 585, 375, and as described in Merdel et al., "Der

Whtheaiknthegesh fee BUPilgg ARdAtREy ERY SO &Y dtifortiobt
may he ipderstaodntoche an pRéi&dlcpad hwavdfimnaensor.
bet ween an actual inmge wavefront  and an .i.deal ch‘fe

r ef kenveloxglert ony E%]Fﬁ‘é}sed’fatorghn?’fﬁég"g‘ i CIA
poi nf i dydfenRUREh ®b @RreNed ALtRogsroicaremsiy idupnects
wave-front aberration are well known tg‘ggersons

f
or di Helr yFiadid IPitshePardn S BAEPLEPS TN VaY® that are
- gescidped shynbadesm N 1iddulsdireSUr gehy Negis; rays leave

“Learni ng a new | anguage: understandin toq_;e ses that

t er n¥hfol By 1 vBRET POTR - BEWEE &9 &5ToN" O FEBYAry

1, 2803ctsarndbergRoeteys ( @ldgriatdtnl2 Bhe cCRa2OrbntWW@ets

2004/ 024035 PCT/ US2003/ 028657 . - .
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, f[or example.

25 The wavefront is then typically reconstructed and
the deviations are described mathematically in three
dimensions. The wavefront deviations may Dbe
calculated, at least in part, by analyzing the
direction of the 1l1light 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.
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eye) may be used to neasure an aberrated i nage that

wbheamar403an eye, or may be used to neasure thepgh@aR®osbzses7
agrid projected onto the retina For exanple, while
a 5 patient is maintaining a view on a visual fixation
target, a relatively narrow i nput |aser beam may be
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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 be 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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For example, a single layer of ep:r.thellal 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 layer 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 fri‘nge 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

i
i
:
H
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provi ded on either the anterior surface, the posterior

woeunisRg3sor both the anterior and posterior spEb@ass%3028657
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Thus, in certain enbodi nents, the present |enses
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cells may also be derived from any type of stem cell

20 that can differentlate 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 c¢ells 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 basenent membrane
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patléht Ll gorn 1? 8 aprotonin &%gma? in "a buffer,
such as Tris Buffer, 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 lens. Thus, when epithelial layer 70 and lens
40 are fixedly joined 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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epithelial linbal stemcells may be harvested,

woubdsuzeds and prepared according to the nethpgsus2003/028657
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epithelial, stemcel]s", .Cornea, 21(5): 505-510, _2002.
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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. 5,9%94,133. 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 corxneal enhancer molecule that specifically

binds to a molecule present on the extracellular

surface of an epithelial cell. Examples of suitable
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material. The lens of corneal appllance 60 may be
produced accerding 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 c¢ells 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
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| ayer to the lens. For exanple, the indentations may
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cohancer BRhERU £ kel C! 058, P B Mhbggyrea
m gr #ssevtéplline asermest@ibed 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

cbtained by culturing immortalized human corneal




As indicated above, |ens 40 of corneal appliance 5|%March2007
60 may be nade fromcollagen to mmc a native corne
wotnerm4e3a hydrogel , or a bi oconpati bl e non- hygea@geioosiozsss7
material. The lens of corneal appdiance 60 may be
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or composites that promote cellular attachment, it may
not be necessary to include a surface treatment on the

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 is 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

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

lens body, and the stem cells encourage attachment and




10 mold. If shaped in a conventional nold, the |ens 12 March 2007
may then be subsequently placed in a culture di sh
woOavisgslds desired shape to preserve the shapepetukivesnsss7
| ens, where the culture dish is3gtructured to
facilitate the culturing of the epithelial cells. 15
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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 wused, sterile . cocaine may be applied to the
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cornea, as described herein. Thespreforned | ayer of
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part of the separator can then be used to cut the
portion of the epithelium that is being lifted from
the cornea to create a flap, or to completely remove
20 that portion of the epithelium +that is being
manipulated. Alternatively, or in addition, the
separator can include 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 heen
30 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




S5 to the lens body. In a further enbodiment, cornealq42 March 2007
appliance 60 may be manufactured by nDIdlng a
weyenidietoss naterial, such as reconbi nant col | pgems2doiozsss7
a lens nold having a 10 desiredssructure to correct a
vi sual deficiency. The collagen |ens may be popul at ed
Wt htabtoBe ckeIiPGitesnlBaprbaided Qv @ilvedeBhel fidyy of

or i eni ¢ ty The col |l agen | ens may be nodifie
on iaitngu ?IF%C(’% fo eﬁﬁ&ﬁ%i”ew?:elgf’ulté}e att g ' h

15 emhbh@obab,ngebksslumg ﬂﬂﬁﬁ@ﬁﬁl@lﬁll lwr Eh@}‘ c@Dl%/m hehdtl are
ste cellsrm ced on t col l agen | ens ere

t hey Eéﬂggr‘%ﬂﬁy E E‘?c?f EPEREY attg‘ i RRapt phePrgredure.
cel I whape rele&@r&ﬁﬁg’iﬁ&h.ca!éﬂbkgﬁcﬁs 6Qsaay abe tpkacpdtpyeial
an eye e the desired, vision correctlo

Becaﬁgél’&%rng‘a’l%pl iHncd3go Phcl G§araP ]r%lyeif'O ofuse an
epi t bebtupoma@fetdes @nckgyd RuLREBADRWEh ids 15 Uesdd abltch

tore t | east rtion of the itheliumfrom
he BABPERE s 8 JReLaEaBLY | (M9t hESHIA Y aRBEEeNnEo  help
deepirthetéal ¢ezm11aaor;tnﬁn~ys haui:i:hg:lt dheasprdswa&re For
égpr OoXIl g di nensions as t € COr nea

pl Fﬁﬁ?&‘%ie'A dEJeLb‘ﬂ hEPFRI 3 el tdr it 3540y uE‘ﬂ’a‘?‘éd“sed

in Fit B&énjat-tike epitihel them myedaeom@gmycﬁd: bgnafyy to
~convent.ional . net For exanp br asi deV| ce
can BEYHERd tl‘tegmf’gn&%‘a?ﬁe céaﬁsteﬁell?%mt% %ﬁ romagnetic
r ot atanaggpr us Iwnaay refi€vitRedshesSt@rne@lc @paktnel imy, hiec may
appl 0, 12tl\/arch 2007 WD 2004/ 0240g+5 . £
PCT/ /163 837535 7CHPTE ndRT uff 4R72I EBRGT RAEHOPS ©

_ sslchBasman £t hambtavgshas ﬁamb@tatseﬂeﬁénnet@r fefilitate

conbi nati on wi.t SOur G ctromagnetic ener .
on t R8*8piER&T Eﬁ?aljsri?cho astq}ﬁ i3 QTRYNE! ' CuENSY s A0

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 1lens of the.
appliance is made from collagen, the lens may make a
natural bond with the Bowman's membrane that holds the

25 lens in place on the eye. However, additional
adhesive mechanisms may be used to facilitate securing
the appliance 6n 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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a patient's cornea, such as TLASEK and LASIK

20 procedures. In that regard, the corneal appliance may
be easily removed from the patient if complications
develop or the patient's wvision 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 wvisiting 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 lab,
the cells are seeded and cultured in a fibrin matrix,

as described above, and are applied to the anterior




36 that the cooling not only provides a convenient 412 March 2007
way of attaching the epitheliumto the separator, but
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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, incision,
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 underneath the
epithelium, as shown in FIGs. 7A, 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
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bis a patient with a visi on defect visiting a

physi ci an InTheaBQXJ%agn@é] he}v \VL_%StS the San}?leghoé Co&lscilosed
hereinabove, a method of correcting or improving
vision idincludes a step of inserting a vision
correcting ocular device, for example, a corrective
20 lens oxr lens Dbody, beneath 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 EBowman's membrane, the ocular device is

effectively substantially fixedly positioned with
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the sanple of cells to a lab for culturing. In the

wbabos/021d38 cells are seeded and cultured in a pé&Bukinos2ses7
matri x, as described above, andsgare applied to the
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as destr pbetkmibdye formdye tnsepztoavddentmtbpeugﬂgthm the
slit éﬂl%%%ﬂfﬁﬁ'1 tESr 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. B8A 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.
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inserted intc 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 Dblunt 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
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or more incisions can be made in the epithelium to

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

cornea.
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By formng incisions of different sizes, the
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ocular device so that the device can fit threough 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.
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underd;%i0g COHNGS LRPAU afjbl.pi"a %chgg%e%prggs,%hg hgody of
surface of the cornea to obtain a Vvoi J™ Sl zed 0
accorfsd&veiageodesécevmapchbapldesiicén 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 agueous 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




15 In certain enbodi ments, only one incision is nade2 March 2007

in the epithelium but in additional enbodinents, two
wonreimRe3snNci sions can be made in the epithelipdre2003/028657

permt insertion of the ocular dewice. When nmultiple

20 incisions are made, the incisions may be parall el

to emetstot hewoner mayehunsditogonabmpén&@eh ot hfoh I N 45

cert od| ... two incisiqgns be made t hat
i nt e?lll ek{{‘?{‘&? OPPapRndf %é‘ﬁi ?ﬁ%’f‘?'al apfdefhe. Op or
As drmscsdlelrervat@,r tdraubtyl ar daveceswayl1ds a polymeric
Vi Si orrltacorr_e[ctl ng f ens, such as .a corneal onlay. The

ocul arFETFER may bonBPPs SRS iChetTIROTEES Y ol the  fluid
| ric| uchupgriaesy haélc Ay rey | GENBRET | gbl &Y dcm&%%n,
aboveDulI ril__hceéAw n enbodi nents, the ocular device nmay
30 be & Cont lens that is structured to be placed
bet ween the epitheliumand Bowran's nmenbrane of the

. 12 March 2007 2004/ 024035
g?:rwn Egzoo§P0ﬁ€§7r&%g g\D ﬁ?éit{“etﬁgﬂ ot atngetiin | ff an

accoratariee wievlcet ha faekcegaimge MRidiotkhea ﬂwdﬁﬁfi@ntheﬁem
t epi t hel i um nmay Lifted or spacod apart fromthe
c@?ne‘gl?‘ﬁﬁseghc”g oﬁj%ﬁglets% RROWY Sofhe dReIraTiam agent
af t emayheb® poplieh bbd epit helituel has Beerréghlf:becteﬁllular
spac cision_is_prefera made._in. t

r ai s:%‘ﬁpc%l FPfiegga{: Of t FB%; FRoRESRTE VS ﬁ:%erelpél thelium in a
enbodiimddes, st@td.nci ston pmayebsetrraﬁdagezmt ama=9Qi 88t Ofas  a
t he that is__locat ed asite aced apart
fro ltstagluh%r;% oxﬁ-‘m ty"PONT R a e af W’ﬁ‘%ﬁ a
e1|§| t rwl:usmnrbmﬂ nstabe be spheecpiapal tud r @ﬁfbsemrg S agent

rn%ﬁr% 3'91%1888' %r ge VI Caendna'l:l t(.t.]eer ag.% Ien %Eit:i.tengnts, the
eplthellum preserving agent comprises a component
selected from the group consisting of water soluble
polymeric materials, water swelliable 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




the incision. The ocul ar device nmay be inserted by 1SMarch 2007
using forceps, or other simlar device. O, the ocul ar

woeauidme4038y be inserted by using an inserter pEfiust®3/028657
configured to deformat |east a pgrtion of the ocular

device so that the device can fit through the

I nci stlmmudhor tiexadpkbesidhr eghtBa® MhkerodiNGrSi gBvibat 55
20 V\Di,chcg t%‘él ne essaréhif t he. ocul ar devi ce was not
o) )

def or Ned For G A &%t FELERE1 M (3R4 cBOWRAR e Membrane.
f ol detb orndickked abowur |k pithal iivh Smey 055 - SLddONAling

area_ js ced while jt is _being inserted beneath the
epithéel i‘%%%%'s §i s h@?e‘%r h8Fei 3Py ACERPhedibAbhy Zpvice.

i fserlifipri.ddeviised meyo beradssyr inge %ﬂi&aed%hcemwi Ghhciude
i ncl ugds bofgi/ with a i/st al end di nensi oned to pass
the I'ens Under ¥HEScoPrRB4AP” eGHPREI | LRI tan &gentsyn  In

cer t adertsiithuatambosimédres cor agal ank@yds NS@kki OERMIeR:c
may baec{}\lmiorﬁisl a5 QL at | east somewhat, simlar, to well

30 knowt and publiry avdt | &5Fe FRETHICUI gFPPdiRent, the
ins/erJtieIUsd/ 12s N@mcha@ﬂ@ius V‘@o?.ﬁ@fbﬁﬂ%&aéning abo?ut 5%
P L{%,QS 28657 44 . The epithelium my be raise

ulgiTng ang ggi?oa(ﬁuén “PLehHi%ue that permts the
epitheliumto be separated  from Bowran's nenbrane

pr ef er abl }{mgvi thoutmorsubst anti,ally damagi ng Bowman' s
nmenbrane of -t he 5 T3t heat St GRS, PAYcePPai H3de 1in the
enbodipithedjum postngn af dhietieR t hetddsduks r adsedplunt
usi ngys The vacuum may be proyjded with a

m cr ol&é’lrsétgg#%ﬁn such %S AWFER” t he a%epar%]tsé:rusélegcl osé@fove.

i1A UISpoPbemtlty,Pubhi cidtison abipsct 20034801884#%1dn, the
POOSGRNAR g oy e ] Y010 S BRI
epi t Bal irdAihign bete focedaby ddeiteetd nthswrted 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

}
H



fluid beneath a portion of the epithelium as shown 12March 2007
FIGs. 9A, 9B, 9C, and 9D. For exanple, a small

wWOnoigi2e3572 may be nade in the epithelium of apTR¥S03/028657
15 as shown in FIG 9A A syringerdevice 80 having a
di stal end 82 and a fluid 84 located in the body of

t he ssoinme dHewiiosl maglde mhace@bﬂﬁheph&@jﬁhmsiﬁsaﬁ:ﬁtiw the
e

eye so_ i t he .di stal .end 82 can pass t uid 84
b)éneaf%l%%{e Bpi v el iO%mtglre t??étg?g,lu%"ts EERBwWiEN SpréRce0 oL
9B. Ttlee f¢tenba4 foanses bthe ﬁEEfnef:'gEﬁlbﬁge%e Qifncfisions in
epit |um.70 1 q be.separated fromthe stroma of an,
eye, hlglsé s o:b\%edlt r‘looﬁl%(j'fn 9&% %\EFeﬁQlﬁBeW't R p@serting a
plsacetbunsddivepi tohalatm Meyviasd asercBenf| Whd 84pithelium

decr i n | une, the epithelium 70 is placed over

' 25 tﬁe §1i nstﬁg N4 fogrrr[hoﬁ%r‘?é%ga&ﬁplw%%’ém@e, as shown
i'n FIG 9D. The delivery of fluid causefs th_eth o
Fssuo thaps et ot K40 FrdhitiBoimtt s Mnpekigering

tissue that 1S spactt apatq _ _
as i i catleskaraieov den®ath suithabl eafibelid pBytidc! Ude the

di : | oride, for, exanmpl e, an aqueous sodi um .
?%I o:a.B Z&egg{“ﬁtitg"n.mi\%%‘f%le‘} A uFRPRRY EReFhderelajarnship
The duitwemny the epiyehelihat dmrluitessairdeeast ltmef Wk8éa,
solu 0 ..swellabl.e .polyneric material, for
exa Ig,o'ratE Oi\g&%gfl h*2007 ls\?ﬁ“z%&)[“%%ﬁ%‘é%e“um'

PCT/ US2003/ 028657 45 | east one cell ul os: c conpog/ent,
such as t c¢ellulose .and the Iike, and/or_,
one or n§¥g£%%(%%f l&é#‘e‘%so Ul & EPeRAPEr éﬁel |SRpEEe1itm
B8l ywditheut maderitdsizing ore spediifing erdpddhe®nil theils

fl ui I a |..spl d _as, GENTEAL gel .b
G bagﬁng%g%gp SB%?%T he %&.1 n apﬁdzﬁgr i NG Ehe oé‘ﬂﬂcf\{ﬁ%l PARREs,
for ife¥eerhoplef ¥mn aqueous sclutions. In one embodiment,

the liquid is a hypertonic aqueous liquid.

20 The methods disclosed herein 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, or




ocul ar device in accordance with the invention hereif2 March 2007
10 di scl osed, an effective anpbunt of a preserving

woegento2nsy be applied to the epitheliumto redpefus2003/028657
cellular injury and death, and 4g preserve the
epitheliumin a viable state. The preserving agent

My aetheas apprepisiatiel mv1tc@hnaaﬂa a’ﬁn?t ReieRLING | MY be
in a turjzed state Teeplt el i um preserving

agent;ép ybzelnc e aaq@é'] ghdseqtiert gewice, such as a
enbodipEntls, todre wdpkt hellmm Pr &SEBFOLrIG i AagaRt composition

t | ected fromthe grou
consi ST T3PS PSB! 8 L5PolYmfpe LHatad | BPBsath the

vvaﬁterr@ﬁ@ld abbbtlp@hyﬁer t6 2QiRaen ﬁtrse %‘tbﬁtlﬂbﬁt&iﬁ €Sn. a
t her her. .enmbodi t he epithelium

pr es:%u g aB {_’ ?%%ﬁtl}&%hl%tpqoé’a?f’wﬂﬁ%p%é"relnﬁ’lré%c
component. In still further embodinents, the

t hel rving agent i.nc|udes
ﬁ)eldf Oiylrfgglﬁlyrgsﬁ 4 gg eguﬁt%bpéa‘ébjrﬂfé?f i th#5method

pr esemmqrg aganx:rpketmtﬁm&l\ﬁﬂlcfgel o;g ﬁﬁm%ﬁél leeﬁe%ggore
for ED%rrec ?ﬁgggtr ?9 etro%’il%‘ 3?‘%“olnn:/na‘ud@%a‘:trjﬁlé‘gngtﬁls
port mmthoﬁ,amnepﬁ%dsmd EVe ﬁi{adianﬁﬁr Bﬁar@]}‘zzé’ﬁ{bqlf%%nte)t% 2Wa¥te
L1 omBOUIRA, S 305, GULLLOLA PO AL S e
epu t poiritdans ulss ceitlellyaWi thoshe damagi rGnt e Beywed Sor
N S e N ISR TR R
t1r oy Fehe |0rfc:|tileonccsnmehhat Iﬂeoﬁeule&bodﬁwsxmwlbfars]éngle
ne | rar aten Epobate LS REHICR R P ateen Aimng’0
a vaefumepathe i, ti-ratan)inomeéssmtabir&;emevipeuetl&l 76
Li qu'l@éa’dégd I:otﬁgl Bgrlpl'heryplotfh%l urgyg?y InsLown 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) Iﬁay 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




sodi um chl oride and/or other tonicity agents. In 12 March 2007
certain enbodi nents, the |iquids are hypertonic
weqoenzsoski qui ds. I n one specific enbodi nent, pOeUS2003/028657
liquid is an aqueous sol ution codsgai ni ng about 5% 10
(w v) of sodiumchloride. One or nore incisions may be
made forn e plepialbiéli o dSampy iﬂlaﬂ:utdainn@alahobﬁdlﬁbﬁdéiis back
bl unt, . dj [ cedures, _as.di scuss above.
Inpor%%n%%é?g%ngﬁhgégggggﬁ?go?u¥%%“?n%én?gﬁnFofﬁﬁa' For
epi t hexdmphs,s acubsitehobig 1 fyo rveztg cam &ﬂbigﬁ%ﬂ adarf Ih@phmade
in adgitjon he .ocul ar device is inserte eneath t
epi t héejjfcl;ﬂL??n %B%s?}a\ln%ﬁilglel y°€vi ERGut S frc o BRI Yy éPbStantlae‘Lly
exposhaory zomtandt efnoisisur f ame obe Bawabn' soedtanesct20 the

The Yy racticed by applying one or mor ,
epi t %ﬁ%g?els%?ﬁ&ﬁg agents 16 ﬁ%’éﬁep‘%t%eﬁ \Qim SPhihelial

practticiswg-t hi s nmethod of the invention, the stroma of
the cornea is preferably maintained in a substantially
i ntact or undamaged state. 25 In yet another aspect of
t he presedftenvéhei dncialonmetadredmbde, canr ectiiay ddvice is

I ygr o I4Si incl udes pplying.a liquid tq the
e a1t o SRR 5 RssB R g ] | Serace,
epi t d urhsubbarmt o4l tyssud ot Béplddeld nyear the ocular
ot heryi,sedevitalizing epithelial cells, treating the
epitheliumto provide and/or naintain the epithelium

in a noisturized state, raising a portion of the

| oosened i tsnedsi r S Lf .t 3 12 .March .
2007 WO %%041?’ ?ﬁ%%ép%%%éz 83/ %e Stey device
| Bcatied arslifewabhe apiinbdn wprreepanat iemst hend in certain

embodiments, the ocular device 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 cnlay.
20
In c¢ne 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




rai sed portion of the epitheliumfromthe surface of12 March 2007
the cornea, formng one or nore elongate incisions in

Wé%mpﬁj;@?d portion of the epithelium and i n:féfrh%nﬁozsﬁﬂ

corrective ocular device beneath the epithelum
t hrough the one or nore el ongate incisions. The nethod

may al 50 ddaclided Sk8Ra8he d?l)!lt.%gériQQanc?/.o%u LR0CE o 1uble

beneath the raised portion o 10 epitheliumto
mai NtRGYVRerSpacadd apbacussedat floviehi p béneeesxdanle of a

epi t hglidgmand theysurfage ef the jcornea, GEI&H& to gel
formng an incision in the epithelium Suitable

| i qui thrderynebelieid ulhseeplt Bled | UBABALS Visieout Duluth,
deyi t@dyi zing or killing epithelial cells include

sodi um chl oride and/ or other tonicity agents, for
exanpl e, in aqueous solutions. In one enbodi nent, the
l'iquid isaa maen ' q ol d. h

di scl osedAher ein ]{tﬁggtg[rﬁoggg%& a%'ﬁgge%%gyag%érls%g%ggced
por t i Y vfthehd-igbusherndnrentexade sverakbgpicolabhal While

def ectnePrd¥sshieeaBR! )‘.h@ge%@eisl bapidy, g“%ﬁartﬁlﬁg! 3¢ other
step of the foregojng nethod nmay i ncl udeq};{)c? ying a

gl tRD'UHe ShFEPeriUim deVéReas(® M5 gak t comt atastel
a Watmieci@hbh| esuQ)ivaRT | endBhREhal, mpial ebisye! Ishl esq
polymeric materjal, or conbinations__or m xtures .

t her 6194 Oh8 sBFHRDIRRPMON B¢ dedadd  LéB@ar ofpithelial

cel | WeFeict, CRONASEharS eaN14S sthydr ex¥mifivheeibtl esels,
and E;‘EDS: like agd m xtures, 30 ,thereof. Simlar to the
met h di SEASLEd ey ei FRIFEFE1aY hetekhi t hRYSTm masinse 2
rai setpatullatisgl’ Ug baudBC UdiEscRtidrd ME@thidR@] WWorhe
2004/ 024035 PCT/ US2003/ 028657 48 ot her appropri ate

devi (B'CARB (H&%ept h&VPiGHHEy pRplied for' less than 30

seconds, and not more than twice for a given
procedure. The epithelium is 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 epithe_lial “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



separated using a blunt dissection device, such as a2 March 2007
spatula or wire. The gel -containing conposition
wodengo2idzed above may al so be del i vered beneat Boife2003/028657
rai sed epitheliumto maintain theiepitheliumin a
spaced apart relationship from Bowran's nenbrane.
| nci st@risiradeviioe nethé ngqll aedyi Gengihbeéd sRdNoi #ISidGhA st

m cr oker-at t or slice one_or nore .10 portions
of théé&é%ﬁltgggl  Shdtle, oPRERE oI FGOERt s Dot 5d, Bamage  the
‘i nci stirtdediel metleetn t itheepidit@lkilinl t 0ageLat AayOkhen be
form r pi.t helial flaps ich are hjinged

por t 1 SASst BRPFnalits Prestie TRA Uih K@FBFHLES oocular
rd | etbi@mek, Ghepepithehnsh tayexpesebanconsesd YAy okb may
surf t cornea. In one enbodinent, a._single

i nci grlc e%r?%% %gl e %n PRE g‘&a?ﬁ’é?i RIS o rEER é“af%’l apcigde
of epinthieficuvobidiat dompbudess a i ngeshdiay t heB178g of the
Iocate\‘/eéﬁit%l{L peri phery of the eye, as shown in FIG

10A, ere e hinged portion is located in a superior
20 region of an eye. As shown in FIG 10B, a nedi al

inci sion e forned nd two flaps 70a.,and 70
e ot h i phTetth Th ArissdiPaoaithrtoie Fhich the
of f sedpitthebiam nedsal rpdsedii oanaf bvhe eye. lidre elongate
addi ti . shown_jn FIG,10C _an jncision 72 may, be
25 foj?n%legalgﬁms/aygg?orrrha?%e”ﬁeal?%l Al OPhe%Eﬁe,Step of
such trgeting athenmppiidielkieg do plothde eyd/ckhirsiefthsat the

i nci s h e o for wo_flaps 70a.an

705 SETERER 16, L RE e Ry B, o7 tEFfscpnd
fisomtaenediedhodeginen ofinthedeyen |stepr efcd r @@138ering a
enbodj t i.nel si.an is _faornmed offset from.t. .
pupi ;@u%‘é@%ﬁcée e€%1%%%r 2%%‘05 %6t ennlg]é lc‘fnnj“.fjttr % Hshelium
cor né® atovdatihe pupbhced napaot heeletbosiignt between the

bl Ul ok ke Ol S tRBS S A dPUE Lo 'Ot hel Tum to

12 March 2007

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 embodimehts,
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 c¢ell growth, and/or reduces
cellular death.



WD 2004/ 024035 PCT/ US2003/ 028657 49 form a plurali 12 March 2007
of flaps that can each be fol ded back to expose an

wone@iwssg surface of the cornea. For exanpl gg1/@s2003/028657
substantially vertical incision gan be nmade along the

m dline of the eye, and a substantially 5 horizontal

i nci si on cailbe fdd@et0 it QFS66datde wYEK k6l invention
incision.to create four flaps of epithelial tissue.
A t er LT GRE SPGRE Ar Aad&SVaRSERIR ar ViRAATte FRrTergion

| nserpetbetirtheaexposed undeiew.ng €08 NRaLnSHT factudes a
and tsnze flaps,of ti.ssue are replaced over the ocul ar

devi c®;“FAs® nﬁ?%eﬁteldlgel%eﬁﬂ’é?%’q%é’reei‘?ﬁ“@ﬁe d5vidicgr beneath
devi cen  BpitBepief eoabl ¥ a%d&ir@iaoroﬁogarﬁs:teyeg | @RSse3Rd v,
in certain  _enpodinents, the ocular device is a

cont act t@ﬁgl?nﬁa}f Wilghgt‘?ucq%&nﬂo RRmsPagedhefRigne  of
the el hebinwa,of afd f‘é)rﬁgappfoﬂnrgﬂ[&fidc_ﬁ @Fldl t?&r@c&:&vs
enbodi nents,. the ocular device is a corneal onlay. 2

In ond écfiﬁ?’ﬁc%n‘gﬁ?}?n@?ﬁ,eﬁwetm%f“h&& 8enphg of 2
i Npr Quitrignvi $inds i ﬂh@%ceh@laafa@&é/&dﬁigret l&%ulaﬂvae?%@@ is or
i.scl.osed hergin y.be perforned by scoring  the
o5 HETRlRP L o R L 8RR 1o | PREYATY 1 3P0 9oRAASE viaion
epi t hedvraktded ect ,oxsi mikar - beh&vsingl | §§§§ﬁﬁ§fdd{§}§w in

~epithelium Next, a tonicity cqQnponent, such as 0
sodi HETCRIBRTIR, 9% SEPEPEL f JT°10 OSBLBRdsITS® t kgn  be

ent i nemoordpaandhehtofpatibyt COMPOHRIH & ehé eebiyendd® to
stiffiecré and | oosen the epithelial cells wthout: 30

ki l1i'ng EHeM “The® 1 -ci tyF*¢onPoRBht S Hay FhéiHseience an
risns dehpamaymerfthe iepi rheldnimsimikept 4i $hat'Sigkhbvdded by

o SUNAZGE fadl 0L AABEES YA S XUR 050 tne
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 is preferably a vision
correcting lens, however, other suitable devices that

may augment the focusing capabilities of the eye may



suitabl e noisturizers or epithelial preservatives 1212 March 2007
March 2007 WD 2004/ 024035 PCT/ US2003/ 028657 50
WDR4(24035at er swel | abl e pol yners and/ or wat er peoiUsSEdogo28657
pol ymers, as di scussed above. Ows exanple of a
sui tabl e noisturizer is GENTEAL gel

(hydbexyreathyege! | thosecOL3Nad:iBA Wiasi &R iRdbutbd ubder
@A) . tﬁ m cr okerat ome _suction ring may then be placed._.
ont o “tfie FP U §PE e nt TR DV 8PSt heT cdF9Hsa. Swhthelial

the @lepsyr @rorbyt hfo¥érg Sad ai8€0sich SPAtHthA OFc iRy an
10 bl ur.1%J djsfﬁ ectjon device (e.g., .as sold by Mstel )
Pr ecFE5RS S‘]gi APPY nsEF urfti S OsRepi #eyey,  SBp i sertain
usedetbodihgnid)r oagmditavsiakl |dneapiepeihgl | pheserving
def ect nd _nechani,cal | s%ri ;F)) of f epit hfl ial cells,
for 8%89% &Sarf WIPLARTTH tR1 PTPEYET, 2Bd( ¢y meimtain the
" spakplahénYim 0inbldinfodsBsEiGIdONst £EANI qUEhe TRithelial
suction ring is typically applied for Iess than 30 .
secoRG§%SY gnota%%fte t‘i%\‘h tﬁ?cea'f or3&tdifgn composition
pr gceddlﬁdiﬂljﬂea ?ﬁétehﬁ édv[m}d'lﬁ lt;!'&ﬁ.@rm_fairﬁ.b eﬂaiﬁ\éiniahla r:ll _ T?zs'tte:v:
stance to raise the epitheliuminto a gundrop-|ike
3 S RABS o ST O B WRAHE L7 Ly /T RSGERESS o EReTeot
subshanes sicd o SEINTEAvegel . ThieXtinc@sVersi 0 @het BRithelium
buttgrfly LASE& t%chni que. r.ra)éhbe erforned, for
exanpfe F ndRPRg ¥n FREFEHDN S5 SEHEiRYg| BSbRg 2
t he mpctédedistionegurtsanilaanihptiahicngst hert 9 Bab¥esting
asid If one.cut s nat sufficient to_ expose .
Bowrin®s |5%/3 e;ﬁaitor%&@c?&ﬁnod%tém the %%Yjﬁé‘gﬁz%ag the
otul apidesiizd, wimeues suocle axidey iwdlialy a BUugtOASsS&BtorY,
be de.in the epjthelial sheet to form30 nultiple
quagggnfbés?]éo.sge.d, g%%‘ﬁer’) of epithelial tissue.

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.




The flaps or quadrants of epithelial tissue may them2 March 2007

be | aid back over the |inbus, out of the way of the
wO6Gsll4baodevi ce to be |nsertegi4 Bef ore inserti ngcd§2085028657

March 2007 WD 2004/ 024035 PCT/ US2003/ 028657 51

ocul ar device, the gel may be rinsed away with a noi st

cel | gh@seispPeNO6ePLNg careful not to danage the

epithelial sheet. The epithelial l|ayers nmay then be

fol ded back into place over the corrective ocul ar 5

device. The epitholdddin apy fheR, b%oﬁﬁilfé .and/ or

receive one or nore healing ag ents, nay |nclude

antim crobi al 2orE8RemEsYt aﬁﬁ@ﬁ‘ot@ héaﬁﬂﬁﬂgoxbf sgpace, a

epi t Bl ol Ogth P UAC LG ngEPEpﬁ@faﬁlg%db% &t RO4SnkRure

whi t he eplthellumls rai sed and one or nore

el ong’ét ethe nngisgierarandragestarigie rsairdegepor tangh, being

the stepcefired’ et 'b%g diRee@Pihhel | agégpcm%u%e@n%saﬁea

mai ntai n the c5tplt heliumin a noisturized state may be

oni t P&danafve 1% th@akeehed 38y i ncl ude a step of

delivering a gybstange beneat hliéma; %oiﬁ‘h%é&' 8% Pl the
the epithelium to maintain a space

rel atPEREAPD BBEHREN ‘?%eth%pi?%lb‘a%{a @If?% Ehp flaedy 1s

of theaeeaned =2QickhetheieaciRa n&iheds Jmyad! éﬂa of the
~include a step of applélng a healing agent to

epi t ReLi8RTFL 0 FPBnot@ithekibtle raptts anﬂr%ffééﬁ‘(/%i from

heal ipg+@atel her&pidchesi um after insertion of the
lens. In certain enbodinents, the healing agent

i ncludes an antimcrobial, for 25 exanple, selected

from suchznat efhal SowhéLh aﬁfllmeetl nlimang/ O'i'rahereln
wel | known for use in_ophth | ications,

r educ?’é‘epoﬁ%ﬁheélla&orﬂeéﬂ’ﬁnétreond%‘ﬁd’e nfEM | Sﬁltqif?éi stem
heal id2g1896Pt$idRRY R6mafe Paictiahte

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 c¢laim 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.



opht hal m ¢ conposi tion which pronotes cellul ar grow4® march 2007

30 such as epithelial cell growh, and/or reduces
wobdduhassdeath. 12 March 209y WO 2004/ 024035pcr/ys2003/028657

PCT/ US2003/ 028657 52 Still further in accordance with

the invention disclosed herein, a reversible vision

correctiorg. pr Qﬁ@dlﬁcﬁrd%% té%%‘ilhﬂc\f@ntoefd cT&, Mgt h%ereln

i ncl es a . p of inserting a corrective ocul ar
devi c& et l?raén cepilehertent ofver cobameanifrinr eyuface
pr ef ercaling, pesipsdant 'e@bleyof\ﬂﬂﬂéo‘ifeng ,ng Bowman's

menbrane of the cornea, and a step of renoving the
corrective ocular device fromthe eye. Anong ot her

things, ifr.a maél eftrrfebdsppabnte 43or Lech) ve oqmearrem
devi Ctz}fls or. (1 Z mii insufficient to provide'the
desir 4 PoRXLEHD | QVYE helsu dRterior surface
unsatdsftaﬂat dieyrsi AndpRElefdanee pyrl@ﬁeﬁaltedg&%p%ﬂéﬂlens
devi ée an be renoved, and the patient's vision can

be r rfed to its previous state. Thus, a patient

can experience an 15 inprovement in vision simlar to

t hat prow ded g% current LASLK and LASEK procedures,

but with fhe ParfPAg&20t WBLAGREDI &%t oC+e Rt ole tierein
pat i enie sultiisedrstidn ideelpadieNimpll PHYSH e si.S Nnot
conpletely satisfied with the vision correction. 20

The nmethod may al so i ncl ude another step of inserting
anot her c@rrecThee cocnkal @h@p’&ﬁ@nﬁét e;rf t&eainf i LSt wherein

ocul gn, devi I gnoy qﬁ For exa L f the

cor r ecti onb%?re'%%li ad bf/e"t frFst 95 ‘ﬂ‘?ar”&lev‘fjc"er‘:l s °fot the

25 sunftecient stofagequiatbd Yidnspbodg.t he patient's

vision, a second ocular device with different vision

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.

1i. 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 attachmenﬁ of the
epithelial cells to the lens body.




correcting properties may be inserted to obtain the 12 March 2007
desired vision correction. 30 In practicing the

wbonm@ing net hods, the cors@ective ocul ar devpCERUE®03/028657
preferably a vision correcting |ens, however, other
suitabl e devices that may augnent the focusing

capabilitiigs ofhéhecenealupd?i MLho20@1aiM012, wherein
2004/ 024035 PCT/ US2003/.028657 53 be utilized. The

ocul &t deVTRE nmeS®e Phseffed BhbERlithe @bi t hefertrippns

f or mi cighpetieesr ameict ceRixtRBHLA tHiARG e DN OMEAI from
an incision without formng an epithelial flap, as

di scl'0¥edP560vR° FH ISR APntEe SNS58FBRL Rurface.

moi sturizer or epithelial preserving agent is
adm ni st er%d tghgnr)ovi de-and/or, mai ntain the .
epi thel i uth®'n COrOrRLe@PBidance THE SpRiWelllal wherein

pr eseths nge ADENHr NBY thehderGe! elddehiCOBPASH{d a polymer

i ncl \Ll%l ng a wat rgr sol uble polynmeric material, a water
10 sweldtafiEPHGIEy nBAPEsHR Pt atle aeridicldiatt Gedds to the
t her eledns badydi scl osed above. The incisions in the
epithelium can ,be nmade by cutting the epithelium by
using a mcrokeratone or simlar instrunents, or by
separ ati ng5s.t henepicobabhnl appBEitR-aM dhout aghgVvilhal iwdHdi@in
- the ]t epi t hel. al t%gs%gﬂ such_as by using a blunt
di ssedor S HE AT sBFbREHSovRLeRARY eCPMREL S et i GFReal
has kednandeschodbsd, Wi th respect to various specific
exanpl es and enbodi nents, 20 it is to be understood
that the invention is not limted thereto and ot her

enbodi mentLs. ar ehavi thiched heapsTpeeofof helhDw entsi ORsheein
nunb rheOfchUbI i.cati.ons and patents have been 25 cited

her eiecnabover.neéétc [FHPICRE &Otlggypﬁﬁfef%gﬁw ahtpds 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 molety 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 claim 1, wherein

the corneal appliance is a corneal onlay.



patents are hereby incorporated by reference in theif2 March 2007
entireties. 12 March 2007 WD 2004/ 024035 54

wOGHI4d32393/ 028657 What is ckained is: 1. A COP@?/@EZU(B/OZSGST’
appl i ance, conprising: a |lens body having an anterior
surface, a posterior surface, and a peripheral edge

at a junckore Tid thenagi erdpphiiAnek Pest efifm SU f 3RS ein
and be n% sfructured to be placed, on_a
| F"é’FJr%J:]d’

deepiHé &drined the carrefelnrdepnidtrdinliagd.
epithelial cells fixedly positioned over the anterior
surface of the_ |ens body before the body is placed on,
a deepit hélt al TBRd “R&RARA GPPaRARSR Bf tFH&imatli erherein

the afiet hehs Bodieldotpdl eslesdiM@dehl OM cul tured stem
cells. 2. The corneal appliance of claim1l, wherein

the epithelial cells are derived fromcultured stem

cel |'s obt apnedrid oBbihea PabpTiancd oectmeah, wherein
appliiance of claim1, wherein the cultured stemcells
ar e aFAEPIFohSe RBEGIREE fon pBt UMM ssue. 4. The
~corneal appliance of claim1l1, wherein the |ens body

i's structgaed to ingrove the vision of the patient.
5. The cofteal "ppPrameel ofPRMEDFRL, o fwnetath 2¢ne Whegein

body thenpslBefernd sORbEEmBONGtARpaoqesddpheral  zone,
.~ the optic zone being bounded by the peripheral zone.
12 March 2007 WD 2004/024035 55 PCT/ US2003/ 028657 6.

The corneat. apiid aneen@dl Clapblidncahefeidlaim 1, wherein

the lens body is a stroma-like structure.

25. The corneal appliance of claim 24, wherein
the lens body is 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 until 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




the epithelial cells extend over the anterior surfage March 2007

to the peripheral edge of the lens body. 7. The .
wooonmalozappl i ance of claim4gg wherein the eppéhekioadozsesy

cells extend over the anterior surface of the |ens

-and beyond the peripheral edge of the lens body. 8.

The coledly appluradCerdf tigd abftdriMes@ithcd NG the lens

cul tééeéj tEm cells _are |inbal stemcells. 9. The

cor ned ya%’ﬁ PERH D SBEaPRTY , 15vRdeerd or Hé%egivehel i al

cells are grown in vitro on the anterior surface of
the | ens ?ﬁdy. 10. The corneal , appliance_of claiml, )
wher ei n e eptt hEPFRPatePPRIEA Yy ohnclain| 28s amprein

are w@ppl cerhaeda Jwyer cofiLebls bRedNeBNELHL Ok patient
surface of , t ens body. 11. The corneal appliance

. Lhe | :
of clHIHYIPY P &PTREpFPRIIAGC8 cel | ul ar att achment
el enent di sposed between the anterior surface of the
| ens body epithelial_cells. 12. The corneal

gnd %he ( [ _
appl i ance 38t cTBf nfPinethepBPRa%9%e k| Fi@HR 28, wherein

attawmneunimantsmmp&b§3§ arBl Widlalih¥d Ofrom fetal or
mdenﬁtg@jtl ons in the anterior surface of the |l ens body

that FREPIEat'e &% ul ar attachnment of the epitheli al
cells to the Il ens body. 12 March 2007 WD 2004/ 024035
56 PCT/ US%%S/ 28657 13.. The corneal appliance of )
clai m 12, “wherBih Cate%EhstPRIRNSE (He platml PBy oherein

i ndertihat ic@N3s €BAPr hee€Sapphde extendi it hbeughrrhge of
| ens %dxiaéqmi'the anterior surface to the posterior

& EEPnedrPhAteEnEel B+ ¢l ai m 11,

_ \?\Eg Zi n the cellular attachment el enent conprises a

pol ymer 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.



that supports adhesion of the epithelial cells to the March 2007
| ens body. 15. The corneal appliance of claim11,

wohen@bdnzst he cel lul ar attachorent el ement conppeBeS2083/028657
corneal enhancer noiety. 16. The corneal appliance of
clai m 15, wherein the corneal enhancer nviety
speci fi cal35y birhes coonaal agpiiandal oBDIEEYnPRESeNfhedddin

t he cel lular surface of an epithelial cell so
t hat e%i{#’ a'Léaal iﬁ?%ﬁa(fom%i*é?? CELf¥%eCi-ent |y binds to the

corneal enhancer noiety to prevent the epithelial

cells from.bei E]g%di sl od%gd from the surface of the .
| ens body.”"17. “The “BbPH Iaﬁﬁgﬁ%ﬁi"ce"%f cépinmegs, wherein

wher dile lehe bodyneminpeNBascersyiRhetycComses an
extracellular matrix protein. 18. The corneal

appliance of claiml, wherein the epithelial cells

are provi 88d i~ eodmwer appTiantid)g coppbibidgp matrix.

19. The cor nea‘lzl fé)rfl [ ar%els%% claiml, wherein the
corneal appliafce 1 X Worh@RPdofiPalava 22 Matiesoeptical
WO 2@04k024035c6dmREEESIOR30286071 28 £ heney! B€akn eye
appl ic&nges%.&lz aim %1 wherein substantially all of

the Corfhed rs-ddefffhelialized. 21. The corneal

appl i ance of cémitheliabhetsils EbBeuntads ckedy HONMRHESeSor

col | 2. he, corneal liance of claim?21, )
wher %i%%@a%: %e ol e o%?‘g‘{ ng’a’%f)?:%miﬁ’r‘? anfRRl Posly s
The ®deped| Ippthancyepl ashdi Me2iyedher@mn chil@ired stem
col I agep i s reconbi nantly produced. 24. The corneal
appliance of claim 1, wherein the lens body is a
stroma-1ike structure.

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.



25. The corneal appliance of claim 24, wherein theq2March 2007
| ens body is a stroma-like structure grown in vitro.
w@8eo4HBp3gor neal appliance oboclai m1, wherei npct/b€003/028657
| ens body is a hydrogel. 27. The corneal appliance of
claim1, wherein the I ens body conprises a
non- hydrogel material. 28. A corneal appliance
nanufactu&g? b* a process conprising steps of: ‘
cul turi ng “stentBBI ICTORTT | 2BPL1T3RR] af rdadni &/ ofvwherein
st emiged | spplalemcdi fifserarucaheddi BbO 1np@bheahyopia in the
epitheli.al .cells; and applying a plurality of cells
obt ai¥d%FFom the stemcell culture on an anterior
surface of a lens body to forma |ayer of epithelial
cells that, ,are éZ March 2007 WO 2004/ 024035 58 .
PCT/ US2003/02868% £PiRewy aretiareoncf heladedior wherein
surf ate ofpphimricensis betyndeie the ilnFE§v@0ﬂ bSopia in
pl ac onuhhe eye. 29. The corneal appliance of claim
28, wher &RJISPhe cultured stemcells are obtained from
a patient receiving the corneal appliance. 30. The
cor neal agglia@ce of C|%}ﬁ128 . Wherein the cultured
stem cel | $ ar e* 3Bt SPHERFY r PR Hde RT 6hpHYoRTe wherein
ti ssuwhe HpplikeceorisealtrappliradCeoofinphrad) 28es¥PE5EL Nin
t he %%nggghgéﬁare applied to the anterior surface of
the I'éns”"body are linbal stemcells. 32. The cornea
appliance of claim28, wherein the plurality of cells
applied tg.the_ anterior surface of the |lens are )
epi t hel i afS¢ol TS dEPTHIHy PR eofopc‘éf-??} 37, wherein

the appliance 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 c¢ells over a lens to

form a layer of corneal epithelium.

48. The method of c¢laim 47, wherein the stem

cells are corneal limbal stem cells.

49. The method of c¢laim 47, wherein the stem

cells are stem cells obtained from embryonic or fetal

tissue,

E
i



33. The corneal appliance of claim28, wherein the 12 March 2007
process further conprises a step of: culturing the

wohorsabidsy of cells on the a@nterior surface opctMe€2003/028657
| ens body to forma layer of cells that extends over

the anterior lens surface. 34. The corneal appliance

of clai m2®,. wreeeinethidie ¢ oeessmf urt,hepheadmi i $88 &tem
step of Egorowdln ceIIuIar attachnment el enent_ on
the apteri or-iSur fFHEEUSEdt hentihs tPFhcid i thaver of

at t acimigite1db1t heellsur ehdd ycoh ®el | Spg1gddheqsdi f @68 Afens
the l.ens body. 12 March 2007 WO 2004/024035 59

PCTI 03/ 028657 35. The corneal appliance of claim
28, wherein the lens body conprises collagen. 36. The

corneal appliapce of 8, . wherein the |ens body
conprlses%g syﬂg g%gﬁ cé?”“A430rh%%ﬁr%ﬁﬁnF%%cétem

conprdesilsgara tmﬂwﬂynsa aﬁﬂﬂcltno mA@¥ex agétesi r ed

optical power to accommodate for a visual deficiency

of an eye of a subject; and epithelial cells secured

over an anieri Dhe sati@areOfcibhf Mepsfbﬁﬂyeﬁe%&ﬁ;ﬁrltsﬁﬁg a

| ens Iaced int and derived from

cul © o oA RITARY 5 ShEtE p i s ewenty to the

cl ai hed3, \ihelwei ntot hEaC:LUl:EIﬂalted Hiachekhs anRtweERNeakhe

[inb n1ce| t the subj ect receiving
Lo ThEP G LR andl thagfen,

the cornear og¥r neal appl i ance of
claim 37, wherein the cultured stemcells are

. . i
obt ai ned 1‘559m ‘Fh”’é’ﬁ)(&%% %rf c&gg.rgl 41} Scomprlslng a step of
forming the lens body from collagen in a mold to
create a  synthetic stroma-like structure having

specific optical properties.

54. The method of claim 47, wherein the 1lens
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



40. The corneal appliance of claim37, wherein the 42 March 2007
| ens body conprises collagen. 41. The corneal

wenRm4doanse of claim 37, whergin the |ens bodypéfugonsio2ssss
synthetic stroma. 42. The corneal appliance of claim

37, further conprising a cellular attachnent el enent

di sposexbonsebeciant efkof sHel ageupl ddidilsensqbedy. nddia,
Mar chh2007 WD 20041024035 60 PCT/ US2003/ 028657 43.

The cOMESFEpphP ot OrTe| R PERSOYRRBLGI N t he

appliance is structured to inprove nmyopia in the

subj ect . %ﬁ? Tliu, car neal aggl I ance of claim 37, .
wherein tHe angi SREEPE SPPULRRTRdOF o GifpRoRS, wherein
hyperidps alens tloeysuly eebnfidurelhets0ideabcaPR | RRGErFront
of claabierlr:]r%%i wherein the agpl iance Is structured to

i npr ove predBYopt &1 FY% RE SUMEERE-46. The corneal

appl i ance of claim 37, wherein the appliance is
structuredgto gg%r ove as‘{:i gma%i smin _the subject. 47.
A nethod o ci“Ng 83t oPRBAF AL PANGE 2T Avpr i HraFgin
t he sttepsleafs body ulhogusdemicelésstinbhe ale | £agh1#@ focal
fractg on of thi% stemcells have differentiated into

el

corneal’ épi ThelTdc c8PTY: &RE 4P yPRg BN cGPREf edioined

cel | svihentaal dmsctieon.f orm.a | ayer of corneal
~epithelium 48. The nethod of claim47, wherein the

stem cells are corneal linbal stemcells. 49. The

met hod of 56l ai #hel7 cowhesaki apphearsdeemnd e cellhsmang, StBrein

cel | Sch%b&ghgelgog& ocrgm%r}?.ggg n:':ecco?niai];lgrttle | collagen.

60. The corneal appliance of claim 55, wherein
the lens - body comprises a synthetic polymeric

material.

6l. The corneal appliance of claim 55, wherein

the lens body comprises a combination of a synthetic

material and coliagen,

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



tissue. 12 March 2007 WD 2004/ 024035 61 12 March 2007
PCT/ US2003/ 028657 50. The nethod of claim47, wherei

woheambpas cells are culturegguntil they for mﬂj’i‘[ggﬁb3/028657
of epithelial cells that can be applied over the |ens

body. 51. The nethod of claim47, wherein the stem

cel | spzam&:teul t & egbHnterd fi BFi N ﬂmt M Yr&ed rmeol. Ig§er of
net h %fh lllm 47 further conprising a step of
g

app! yl%l 81 GFr°-att achment el ement to the |ens

body to faC| litate attachnment between the cultured
cells and 6t5he 1tD ns bod¥ 53. The nethod qof claim47,
conpri si n§~a stap SPTIFRFnPRYLEMRCY efE 538y f 5m wherein

col | agen prrefarnreﬁdlhgerCbﬁabﬁlﬂléillﬁl’;hllh@ellg.ssﬁ.%o@a myié% of
structur avin S Cc optica roperties. 54. "The
met hod 1t$1 cﬁ%?r#%f“fvp%gmﬁ“n %@qtéﬁgt'go%l%ﬁ'is a

hydrogel , and is structured to facilitate attachnent
of the celsl S t,i;xhthe Iensl bodg1 55. A corneal
appl i ance 2®conp?t st RHPEA" | BREI DR cBhpFiléifg 58, further
synt hetrpeibéng stedrer i @dlland c’d_lsprB§¢1 ongeget 0 e plagedio
over q} fgcep'otfhel iallzed %or nea of an eye of a
subj 6CE5Rd %% it ol RBY PRY¥r thRt éirf’ﬁ‘@lt?alat&élcp@ent of
obt altﬁned prafivrmiele Isiykjrecdf r esLinE1A@ 1t ea10@r el the 1ens
appll &e the preformed | ayer being di sposed over an
anterl or ‘surface of the lens body. 56. The corneal
appl i ance of claimb55, wherein the | ens body is
configureg% orr ect a efr Ilve 1 ch 2007 WO

62

2004/ 0240 a:Lm 55, wherein
the preformed layer of eplthela.al cells is 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 1layer 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.




error selected fromthe group consisting of nyopia, 12 March 2007
hyperopi a, astigmati sm and presbyopia. 57. The

woaommalossppl i ance of claimpgh, wherein the |posubndyorsesy
is configured to correct a wavefront aberration of an

eye of a patient. 58. The corneal appliance of claim

55, wherei?0. the lLeashdapdy dincl wdgsradtdr@agt ofe Ofg@heay
rrultlfoc:Jvih zone, a.taric zone, and two or nore zones
i oi nePPWAPRBut SEH I Y. 59. The corneal appliance

of cl ai m 55, \Nherelfbrntlh]ﬁ_;|@nSspﬂQNeiﬁQﬂ'pfab’é§§lal into a

reco | nant .col 60. The corneal appliance of
cl ai wﬁfe?ejr thﬁé('lflgn% ‘E%ﬁ’yrer?oﬁﬁ s PPVt ABEi C

pol ymerl c matlarl alap;ﬁ:ylnljhe @ﬁmﬁallaappldequ%e Obver an
cl ai A% ; ! t he s bo conprl ses a

conbina |oﬁr fsu5 8§t 19t | |§P dhatcAheagapitiplial
The amldsah1bprﬂﬂt&rm;eteft§éaléﬁs6.1 wherein the
collagen is selected froma group consisting of

bovi ne col | agen, porcine collagen, avian coll agen,

muri ne coIﬂlagerhe amgdtRgdi nee cehgﬂgeno,G%heyaqncow@allens
appl i %nc%lof cI m 61, wherein the collagen is

reconbl mant - cotd 3‘5&‘? "64. The corneal appliance of

cl ai m55, vvherel n the anterior surface of the |ens

PCT] Us20087 02007 IOHEL € a(TAcRTaNt BRoTHE pri Grrdagen

| ayerisofa repomhiglanél cokldgen 65. The cor neal appl i ance

of claim55, wherein the preforned |ayer of :
epithelial cells is a |ayer of epitheliumrenoved
fromthe @ati efiteé smeyleod of claim 71, wherein the  lens

comprises a combination of a syathetic material and

collagen.

74. The method of claim 70, further comprising a
step of:
modifying the surface of the lens 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.




66. The corneal appliance of claimb55, further 12 March 2007
conprising stemcells disposed over the anterior
wouodsmamsef the lens body thags pronote attachneiugioosv2ses?
the prefornmed | ayer of epithelial cells to the |l ens
body. 67. The corneal appliance of claimb55, wherein
the prefornmed | ayer of epithelial cells is a | ayer of
epi theliuppth remains atta hedtqthe epi t hel i um of
the pati egb‘sa’éﬁz V\ﬂ%ﬂ‘? % i s’%bei ngh Ydbg the
over elplil&héDtdilEaceﬁBs Hre Cpfcﬁlﬁaiecﬁpmhl ancprefoahead Mayer
\M%%reln [11 reformed,_| ayer of elthellala cells
has SPCEEBRr atGPR | &s PRAHThe FBAPEFRretldF ¢ FETReal
epi t hgbllabneel | s that are on the eye before the
preformed | ayer of epithelial cells is placed over the
| ens body. 69. The corneal appliance of claimb55,
wherein whe prief ormﬂzdcayebfof (ﬁ,@ilt'nhe|"j'ﬂ| Cﬁﬂxéﬁe:flrs the
nor e gcure% attache to erio surfaceft d €
| ens PTE68™¢ nlaé’elrayg ofP¥ etltJré‘?‘Iluf‘"ﬁa 1% acfed P58 bY
| ens sebadyt b ai aed dar@odonasr coeneal phitsshe's 12 corneal
March_2007. . 004/ 024035 64 PCT/ US2003/ 0286
ik v OB g < r%‘@ 8RR ea%ﬁ??eaneg the' ey to
conprcire'ang aa)flker Mfngem SNt hat thamatrefhbahs | Atdached to
shap% 5 | ens having a desired optical power; and b)
appl yi ng pithel ial cells over an anterior surface of
the lens so that the epithelial <cells will attach to
e L ens 780 | THE pEehiad o8 LB SIS BohBEiLES o
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 0O

micrometers te about 120 micrometers.

81. A method for vision correction, comprising:
inserting a wvision 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.




72. The nethod of claim 71, wherein the collagen isq
reconbi nant col |l agen. 73. The nethod of claim 71, 2March 2007

wohessanqsshe | ens conprisesg@a conbi nati on of BCTAIS2003/028657
synthetic material and collagen. 74. The nethod of

claim 70, further conprising a step of: nodifying the

surface ofg.hethgnacbRIOrer PP igW theRAK Rl Altep of
cells . to pronote attachnent of the epithelial cells
to t heTERY. 275 InphaloRet It ioesSc EarmiTD, at yindierion on an

conprdpim&ifatst emhadkl adghig oo, r ongl te ;
the |ens. [ 76. The pet hodd%? cl ai.m %,_ ?%H?Egrgx Poftion,
conpri®SFgeE EPEPIY: ARYGE ndndeEre el bertdwn hof the
firstepmithicagamof the lens so that the stemcells
differentiate into corneal epithelial cells. 12 March
2007 WD 2004/ 024035 65 PCT/ US2003/ 028657 77. The

met hod of gal.ai Whd Omettht &b &Nfim &g, RAldr@linCehLS (BEB . of
provided.in a preformed | ayer. obtained froma patient

r ecei VIR Phé c dPhtaton dijsiiidRee foysingmn fgidigdonf on an
cl ai mpptoxihetei Redirg gorefienned Lay eépgéh&a'thﬁﬁh ebl 3brm a

cells_is fornmed b separating a_portion of e
pat i éniesE POFReE| Xn%p“i‘t‘f?éﬂﬂﬂn%ﬁfit headavierite sized to

menbrarenebdhbe £y rtdonCsLair achkapo@®f, epithelium
~that remains attached to the eye. 79. The nethod of

claim 70, further conprising a step of applying an
adhesi ve 86.farhéi hatiRo®esdr idl@im 81, further comprising

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 is 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.




the corneal appliance over an eye of the subject. 8012 March 2007
The nmethod of claim 70, wherein the synthetic

worb@y#3si S shaped to have g center thi cknespohetweseses7
about 10 microneters to about 300 mcroneters, and an

edge thickness between about O mcroneters to about

120 mi crommet.er $he 8hethodebhod1ban 1S YheGREAETHhEODeular
conprjsi.ng: inserting a vision correcting ocul ar

dovi CEVI6EnEaTRELEFS 6 EHRF IS POLYESF he Ao ran Loy o
substantially w thout uncovering an anterior surface

of the cornea cat ed un%er the epithelium 82. The

met hod of °¢lai M81, "FEPPRer ®fonpridithg 8%or nivhgrain  the
i nci Sineeritinyhestep t beddsm wafwows%ﬁ.w% bhe QoW ial
devi%nghrough the incision. 12 March 2007 WO
2004/°02%035 66 PCT/ US2003/ 028657 83. The nethod of
claim82, wherein the step of form ng an incision

i ncl udes fqrmi an inpcisign qQn.,an _approximate nasal
porti on, a?%l‘en%g?apeﬁﬁ??i 8%, C%*?&E‘erﬁ]or Porthedn, comRFAsing
I nf erdeamipgr &i pouedlitheos epiditdlondminSdhe Epa tRBL DG, Of
claim 82, wherein the step. of formng an incision

i ncludes form ng an incision on an approximte nedi al

portion ofo3therrpi t dekhedn t @ff ordnaain fi g8 paskedim@ndine
~a second pocket, each pocket :sized  to. accombdate a .

por t i oW G Phe T8RS %CSV.S gEbsirntial A8 d "BiherL; fegpging
furt e campacsisg thdetormes padnkatacuharerdaneaeunl i or

to the inserting step. 86. The nmethod of claim81,
further conprising renoving the ocular device from

the eye, add iwmsertmaghodnoblier ¢l8imON €3 r eqhéfgin  the
OCU|%EE%%¥EEE ggggaggbggyasubstantially 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 c¢laim 81, further comprising
administering a healing agent to the eye in an amount

effective to promote healing of the epithelium.

9%7. The method of claim 81, wherein  the
inserting step comprises lifting a portion of the
epithelium from the cornea, forming an incision in the
epithelium, and passing the ocdular device through the

incision.



epitheliumof the eye. 87. The nethod of claim8l, 12mMarch 2007
wherein the ocular device is a vision correcting

wbheom/ 02885 The nethod of cl aggn 81, wherein. thpcpeyledsiozses?
device is a contact |lens structured to be pl aced
bet ween the epitheliumand a Bowran's nenbrane of the

cornea. 8%8.Thenaet hednefi clgi m §jailg(\he@9i’ n QJE%r%ﬁI Al e
devi ce_, rrises a synthetic material. 12 Marc 7

VO 2&?&%@3@ 87 b(%?e@s?%%g R8FSAUBE. The net hod of
claim 81, wherein the ocular device conprises a

synthetic 9%(” ynEri c material. 91. The nethod of claim
81, wherei’r ‘t hé2® nd&thPAg Sfep ot s Wt howhereimi nghe

an epmgielellalm fibapirOed PhhadBERRGLOT 2 CERLR 8onecath the
furtl?aer. Oﬁl_‘ﬁrl sing formng a plurality of 1ncisions

in thé’lé%ﬁe Bf'tum 93. The nethod of ciaim81, wherein
the inserting step occurs substantially w thout

damagi ng tDBe %Hrface of the cornea beneath the
epit hel i uh°Y94Th9hBefBed 08T orcl@i® Ale3, fuidieal noapeising

I Nserpplgiagep HCcuestsalsbantindddt W Lhout,da Q1 @y

- Bowman' s _nepbrane of the cornea. 95. The nethod o

cl ai MTG3SWHEY 1 FPthé° Fhramiithgldmep occurs

substantially w thout damaging a portion of a stromm

of the cocpnea of the eye, 96. The method of claim81,

further cgﬁ‘gri@?‘%g m‘éﬁ#l‘?%i steri A2 hedlPng shereino the

t he epdthalim aymseirvind fepdntvenkouds &Pt 1heal i ng of

the epithelium 97. The nethod of claim 81, wherein

the inserting step conprises lifting a portion of the
102. The method of claim 100 wherein the

epithelium preserving agent comprises a component
selected from the group conslsting of water soluble
polymeric materials, water swellable polymeric

materials and mixtures thereof.

103. The method of c¢laim 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.




epitheliumfromthe cornea, formng an incision in tBemarch 2007
epi thelium and passing the ocul ar device through the-

wWOoNHieess 12 March 2007 WO.2004/ 024035 68 PCT/US2003/028657
PCT/ US2003/ 028657 98. The mgfhod of claim 97, v%er ein

the epitheliumis lifted using a vacuum 99. The

met hod of ai 7 erein the jtheliumis.lifted.
by del i verli%Eg gﬂl Kilgs cE)Ccrenoe{]atchlz':’tlrrfleegoéépi"E e %lﬁm%hfoéorglng
The rdelRodcwe rhlsaism Blingf ur t hbuntorpstsument appl yEepgrate
an effecti of epi.t I um, . preservi.ng.agen
Co theoopi TR tnih, o o Bty | G BPERN $gg@iRe e tne
wher &P thRélwepi t hel i um preserving agent includes a

gel. 102. The net hod of claim 100 wherein the

epi thel i um_preserving agent conprises a conponent

sel ected £Pém The ¥p cOhststithBof wietierins diheblforming

pol ny_QEFCcBﬁéﬂé@sl s 1R &mSWRIKe3RLEmPOl yneri C
materials and m xtures thereof. 103. The net hod of
cl ai m 100, wherein the epithelium preserving agent

i ncludes abgl east pBEnogeblubesif G0BPONSRLeiAO04ne TR unt
nmet haod of claim 103, wherein the epithelium

pr eseFEAYERents ihEPadeka Ay dr Htyhet hyl cel | ul ose.
105. The nethod of claim 82, wherein formng step
conprises_using a sharp blade to slice through the
epi t hel i udP? 122 NBgt P2 AE07 cWITFIRR0TE9B%R sgFomprising:

PCT/ US2003/ 02565i(s 1436 . aThsormldaodoef &l aie@iggelﬂ\{ﬁ@r QN a
the formn
€ c%rneagof an eye away from a2 Bowman's membrane of the

cornea;

cutting a portion of the epithelium to
create an dincision in the epithelium substantially
without damaging the Bowman's membrane; and

inserting a corrective ocular device through
the incision so that the ocular device 1is 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.




step conprises using a blunt instrunent to separate 12 March 2007
the epithelium substantially w thout slicing the

wepodsvetazssm 107. The net hod7@f claim 8z, whergiPubiveso2ses?
formng step conprises using a mcrokeratonme. 108.
The nethod of claim 106, wherein the blunt instrunent
is a spatulld.oiThe Wettodl108. chaiit bod, f Qhe 8K €€hd NMiquid

Vi sio c rising. _raising,a rtion of an
epitréhi%;ﬁg§ raonggr?ﬁﬁfqyﬁ ghq%%ﬁQ away from a Bowman's
menbrane of the cornea; cutting a portion of the
epi t hel i um.t,0 reate an ipncisi.on_in the epjthelium
subst ant i Ejﬁy T\%let HISEPO%a%Eg?%dmt ﬁé’gBomﬁﬁe%n nEtfbree, of
and i eErmong apeotiwctof etioe ubpitigkeMivee 1dyiel JshRg a
i nci sj. t he ocul ar device is |located between

t he Z%??ﬁ%%?hﬁ?%ﬁd t he Bowman' s menbrane. 110. The

nmet hod of claim 109, wherein the step of raising a
ortion of,.t-he itheliumincludes using a . vacuum on

?he epithgﬁ%UnFE§11FE$h8 nmefhod & 1@Iaﬂ%@109}”ﬁﬁ@ﬂ%inthe

the stEfgheflivmaisiag aipbott ofoafinghanepbithdliium flap.

i ncludes applying a liquid beneath the epithelium

112. The method of claim 111, wherein the liquid

i ncl udes d4di. ufhehl oeicded andfor cath/r 00, Ci twheageAt . the

12 r 2004/ 024035 .70, PCTL US2003/ 028657 ,
113%1‘%%15?2%08\{% gFSPrrr? 13 ,S*ﬁﬁl&ﬁg Yt RECRHui requering
hy peranogint eagoe cesrldcgubd. tHd Kowkka’ sehdastofe cl ai m

109, wherein the step of cutting a portion of the

epitheliumincludes using a mcrokeratone.
117. The method 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 liquid being effective in




115, The nethod of claim 109, ' wherein the 12 March 2007
epitheliumis cut wthout formng an epithelial flap.

wo2604/0Ess et hod of clai m 109, wherein the inspetigRihosioasesT
step occurs substantially w thout uncovering an
anterior surface of the Bowman's nenbrane 117. The
met hotPferding rhhk0®pifthel han sdrprandiinglyapptiony khlling

epi t hglialoRLeSaLY agent to the epithelium 118.
The %hoc{ia ofa cl(e'ély%ggog, further conprising renoving

the ocul ar devitgeatinm Bdreatiithed iumpi thelgnomidandand/ox
I nsergdng ARoLALT - SO |,V€, O ..., d¢yL ce_beneat h
t he epilt hel 1 um 1?[% lﬂeﬁghﬁe$%o%%§gsglughzne O@t,aet erein

the correctiv&agghar devi gertdoa vi sifon ther eclodgened,

| ens.yo1ldQ-1 708 ARt ckal 0 he
corrprr?osli ngrﬁai nt g?nitegglg&%t#%énng] %f gPﬁég%éorﬁ%aa cornea of
substamtaysl Lpcated dealoyw thadapigediu@2l. A nmet hod of
correcting visig g@ﬂ;g[is' : Lying a.liquidto
the epithelium o’fgag C _ne{éﬂ%f g%gg)?e, ?%"e“ﬁ"glui do£ the
bei nFrfhedtimpetrom haViancfaOOE WO 2004024035 71

' PCT/ US2003/ 028657} @9seni ng. the. epitheld um . .
substantial ly Wi thou ki I%gﬁg%epi Jf%‘%‘l%léfllfllscéllnl e raised
t r eatRAFF ioReCE pHtertiviel bupr awidde and/ or  mai ntai n

~the ?p'thel'Un&thfEiH&5%lﬁdﬁé%@t%&Qtgéuig%saégké% beneath
portion of the |oosened, noisturized epitheliumfrom
a surf&ceréthaltgt féwoush the oye bucacre hreliswonhe
epithelium separating the raised portion of the
epitheliumfromthe surface of the cornea; form ng one
or nore i A€Psi BR8 Mathe@ phj sddim 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 liguid
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.




portion of the epithelium and inserting a correctiV$ March 2007

ocul ar device beneath the epitheliumthrough the one
wonromm2essnci si ons. 122. The iTEt hod of cl ai m 1Bd1/us2003/028657

wherein the steps occur sequentially. 123. The nethod

of claim 121, further conprising, prior to the

formng step, delivering a substance beneath the

rai sed porfj-pon.of the epitheljumto maintain a spaced

apart rel ationship BSWEEn e F@ihel 14im andhetrin  the
sur f ageeafinghe sonmeacorkitseihe agpthogy of acl @ 121, 1pe
whereééﬁgﬂgi. L,quid that is applied includes sodium
chl-ori‘de of other tonicity agent. 125. The net hod
of claim 121 wherein the liquid that is applied is a
hyper t oni qu s |iquid. 126, The_ nethod of claim

121, furt%ﬁ'cg%ri%ﬁ% T HorFig™h pert i ghespirhghe gel-
epi t edntaintogcreatesanioepootetisals def 8ehpdd Ldecteq
appl yi t?% I%g#& .12 h@gch 2007 WD 2004/ 024035 72
PCT/ US20037028 2TONTHE- e Hfd BRERY affduile polymeric
wher giatertielsir evdteny ShellabDPr i sESmaRBkyi Ngt&r0els t Qng

‘the 2Rt hek Hﬂéreléﬁ- The nmet hod of claim 127, wherein
the gel - containing ‘conposition conprises a conponent

selected fromthe group consisting of water sol uble

. polynericgatgria ter. swel.l abl e polynerjc
materials g%g @frlnéx [jé}“é\fc’f@tr? F eof 2 .Tfrh@t\‘/?l’é‘?%dtﬁ? gel-

cl ai opzaingher ei sondvsigebn cotin@iriisag COAPOSi1dF  one
conprd le cel lul osi c conmponent. 130. The
TP BrLt s iR |

met ho alrm ein the gel -

130. The method of claim 123 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

vacuum.

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 «clainm 121, wherein the

substance that is delivered to beneath the raised




contai ni ng conposition conprises 12 March 2007
hydr oxynet hyl cel | ul ose. 131. The nethod of claim 121,

wohengissshe step of raising;a portion of thepcrus2003/028657
epi theliumincludes using a vacuum 132. The nethod
of claim 121, wherein the step of separating the
epi t hebriiordf r oottt heehsur f@eiecneflitde iGOr nga igealu@gSaining
usi ng, d \rllv}jl di ssection apparatus. 133. The net hod of
claim ) Sfain the blunt dissection appar at us
conprises a spatula. 134. The nethod of claim 121,
wherein t sybst an that_is. delivered to beneath
the rai segejfz %E‘recﬁ“ D SHOHY 034685 whgrein the gel-
PCTI US200G3/0 286 ookt t 06k Obohiei 3 thekbrpbhentd selected
gel _Cv#;n?l pLDg gonposi tion. 135, The nethod of claim
134, Whererd t HECHRI COPHISNG iy cBRLOSI FPowtonprhaisic
a conporeniialsel eehtdr fH@NlbbRe Or PGS ShhB8rd1s  andg
wat ermf}géu%glsetggI.% ric materials, water swell able
pol yneri ¢ nat 6rrars and mxtures thereof. 136. The
nmet hod -of claim 134, wherein the gel- containing
conposi ti coppri ses.a cel) ulpsic nponent 137, The
net hod of cic %ai %stffe WhEr & ‘l’]r?e"“beﬂggtof’fpﬁ?:ﬁ%gthe gel-
conpoxitiadmingcl udempobytiiaxy metdndieldsul ose. 188i1ulibeic
- methog of claim121, wherein the one or nore
incisions are formed using a m crokeratone. 139. The
met hod of claim 121, wherein the formng step
roduces 0 re It hel i fla 140. The net hod
gf claim %?? \/\ﬂgfé[}eﬁ:%gﬁe orfmhg" P51, HiRerdli¥ URS gel-
containing composition 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 claim 121, wherein the ocular

device is a vision correcting lens.




step conprises formng a plurality of incisions in t{March 2007
rai sed portion of the epithelium 141. The nethod, of

WO heugoedpd® wherein the form g step produces PoRUSI03/028657
nore epithelial flaps. 142. The nethod of claim 121,
wherein the ocular device is a vision correcting
l ens. 12 MAZTh TR@0HetWE 2604£021035474 wherein the ocular

PCT/ 10] 8657 143.. The met hod of cl aim 142,
mheré&%pjt%eq%cgl 5?nt%cetvi-£885i’s a contact |ens. 144. The

met hod of claim 121, further conprising applying a

heal i ng agent t he it helium at e Qne . or nore ,

i nci si on. Qﬂ?l{%% &ﬁen&eﬁggdo %r é:\E/dS:rLréli &Itzg’vgg?ﬁé}ﬁer comprising
cor r expplyring conpralinggapaser to ngha 691 tRaliive a8C Whal one
devi c Q&[]Iga. . pi thelium of a cornea of an eye
subst(g]?]tl a ;Lgc\%vlg?%lg'ut damagi ng a Bowran' s nenbr ane of
the cornea; and renoving the corrective ocul ar device
from the e. ,146...Th thod of .claim.2145, further ,
conpri si ngl%i'néer ?%%OdghS hexfevgé:rsf'éll’:?i VE-SIO afOteRAEEn
beneatdmpti@ingpi t hel i um of the cornea. 147. The net hod

of cl ai m 146, in each of the ocular devices.is a
vi si on correctﬁﬁggﬁéjhnﬁ ;s y 7R ﬁS'df‘?)Jf $49i9h Pegeath
wher éim ebétbellwr odevd ceorseanserted bereabhbituhtially

epi t hel. Wi . formng an epi t%g]lrial fla 149. .
The @t h%?tof&%%glrrﬁgl %?ur?%eﬁ TS n‘é Eg?mcﬁﬁnﬁa'
flap asfd epi thelial tissue, and inserting the ocular

devi ce beneat hrgﬁgvﬁ% tpl%i %L)rgegwpive 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 1is 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




150. The met hod of claim 145, further conprising 12 March 2007
adm nistering a noisturizer to the epithelium 12 March

w@6b4/024085 2004/ 024035 75 PCTA4IS2003/ 028657 ef fmeisiyRodirsss
providing and/or maintaining the epitheliumin a
noi sturized state. 151. The nethod of claim 150,
wher etffad¥d venoi $hur ipmvidéng gekndhmt ai madgtaining  the
COMPg iR 1uhS2n JETELPOLLPsralal m 151, wherein the

gel - contali ning composition conprisés a component
selected fromthe group consisting of water sol uble

pol yneric siat ghial G 4a4 er peveld '@gg fllgoy”e“%el " the

mat eri al s and mxtures t hereof. e’ met

cl ai moiBkugheesi s teh@edetonbuimniaion cngpesitpiasi.t i on
conprises at |east one cellulosic conponent. 154. The
met hod of claim 153 wherein the gel- containing

conmposi ti /2 n&hedasthby diodx yrietiny | T#l | ukvbsesinl S56he Thel-

met h%r& 1?15.?1 cv])ﬁgosm%r ei t%%l'” ar rr%e\ﬂe%% 1S lﬁacted

i nserted bene e eplt rough a fici §
i n t HeoEpi tirel gncmrf o¢¢rmj-5¢y-na mfcrmmxatmﬂmbl%ﬁ:olﬁrerlc

met hogh+Qb-i6hal mv]’f‘% V"@%Ef!].?lﬁi% @(ﬁtﬁrlgc%aatrerla ice and

is inserted beneath the epi rough an
i nci SHigvuresnelernota ni croker atorre 157. The met hod of
- claim 145, further conprising raising a portion of
the epithel i um and form ng an incision in the
epi t hel i umPSub%hanteahey Wit helaim dafdgiwipraiBowen' gel-

menbrarg 9hihhe c Mar 004/ 035_,
e P Sadbhdll Saed s i Mo Cherddds VRED Y %é
f ur t FEL LEAAPEF sFmgponent.

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

hydroxymethylcellulose.

155. The method of claim 145, wherein the ocular
device is 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.




separating a portion of the epitheliumfroma Bowrary$march 2007
menbr ane of the cornea using blunt dissection. 159.

woBevseiod9d of claim 145, whegrein the ocul ar geMisRocsesT
renmoved fromthe eye after a sufficient anount of

time to test the vision correction provided by the

ocul ar deykge. rhkbQyetholBtdI0d- | imcoffft']Se,thd}Qﬁg}:,sicgﬂprising
conprising: applying a liquidto the epitheliumof a
cor né§PaFaiPE e Partéoni gfi dheerpithdlfiam: ifyemj g Bowman's

| 00s gBhBBaRdI& LRUENSSIAUY SMhSEART b | SUEROME . Ki l i ng
epithelial cells; raising a portion of the | oosened

epithelium froma surface of a cornea of an eye

| ocated bebow #ite nRRblheld WilkiseRasat idrti¥e £8¢ S66ular
portion of the epitheliumfromthe surface of the
cor n8§Vige| idfer FAOEES uBsPANdRShefBRt RIERE ran sudficient

port eBuRt bhet®Rdt el LM t endBL DL Al &b e edn apablidea
rel ati onship between the epitheliumand the surface of

t he B¥r RRR; °FWdH AGVHPR- or nore el ongated incisions in
the raised portion of the epithelium and inserting a
~corrective ocul ar device beneath the epithelium,

t hr ough t he0 orfe MGthASr of | FRYTHGARI 1HHLONFh ECHRT HOR DT
claim 160, whesgiigihhe diaubBiat R t8c aRphitRShium of a
i ncl udes sodi um chl ori de and/or, other tonicity agent. .
12 M&EPERS2009T \AO 2688/ 02835 HAavpdr) PB?E&)S/G(?’S%G’G?V@ in

162. 15B8eABEN OhOf efil taleM: HRA0 suBLE Rt Th1tike Wik 8UlE kiDh8ding
is applied is a hgpertonlc aqueous liquid. 163. The
nmet hG8isretiat Feldd; further conprising

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 c¢ornea;

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.

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

tonicity agent.



Scoring a portion of the epitheliumto create an
epithelial defect prior to applying the |iquid. 164.12 March 2007

w(jlmmm;da@d of cl ai m 160, v\,hg,lr ein the st ep of pdPUSIoH028657
a portion of the epitheliumincludes using a vacuum

165. The nethod of claim 160, wherein the step of

separ at i nget herPiddtdbiaunmd ramikhe dur taee.ph the 1iquid
cornea includes using a blunt dissection apparatus.

166. TPRE HBtIRPdI6E EF A MYPSTtoRkeraaieorie LbuH -

di ssection apparatus conprises a spatula. 167. The

met hod of _c¢laim 160, wherein the substance that is

del i ver ed1fd bEfedtathofe i gedn pidri dmrdpethgomprising
epi t kebiriify i % apseti1&ONtcl NikRY  SOMMRIE KO0 168 cathe an
met hod ,of c|aim 167, wherein the_gel- containjng
conp&ELERBht Eo ASERSE SPHL D HE0ABRL Y 1T e diTWIdm t he
group consisting of water sol uble polyneric

materials, water swellable polyneric material s and

m xtures thér SOre mEEHOATRE RheHBALGR, GibgiTRinehe step of
wher @izRsiHe eloreOhh abRi RGeCAUMORLILGN CRMIdSLSudlng a
| east one cellulosic conponent. 12 March 2007 WO
2004328885 78 PCT/ US2003/ 028657 170. The net hod of
cl ai m 169, wherein the gel- containing conposition

~includes hgﬂr oxynet hyl cel | ul ose. 171. The nethod of :
cl ai m 1601 %%hetisi MEHE%RE G1atipt @04 fiesedfs ThRestep of

for medplshBoh@ Mher oiereidlRm 1f2om Theenethothf olrai fhe
160, whereip the formn step. propduces one or nore
epi t KPS +1Epdes1931ng 1R Hgpfhodt dfeigrnfRRRTatus.-

wherein the form ng
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 o©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.

16%. The method of claim 167, wherein the gel-
containing composition comprises at least one

cellulosic component.



step conprises formng a plurality of incisions in tfig

rai sed portion of the epithelium 174. The net hod of March 2007
wghauimdods wherein the formyg_ step produces p¢RUI003/028657

nore epithelial flaps. 175. The nethod of claim 160,

wherein the ocular device is a vision correcting

| ens. 17617Fhereethechaf &F aicihld5.160hengidreife el ge1-
device is,a contact lens. 177. The met hod of clai m

160, SPRFERE T onpri si ng aFPIRASAG L&  heal i ng agentPFéudes
the @puirbgindiNyatelleise or nore incisions. 12 March
2007 0 79 178. A corneal appliance, conprising: a

| ens body conprising a synthetic |ens material and

di mensi onedh | atke na¥haeedovahia deepi vhetéal | @84 one or
cornea of ,an eye of a subiect and a preforned | ayer

of eB‘|°trﬁeH1%1t318é‘Fl 8rdpt upiBeh ¢ ﬁ@%%ﬁéﬁi’-ome
receiving the corneal appliance, the preforned | ayer
bei ng disggsed over .an anterior surface of A the |lens

body. 17917 TheMComedardappl FaRtR 180 cl'disheing thnépemning
the Isgap peshudes epafbHmAd potROITAC 18bs| €ast one

of nyopia, hyperopia, astignatism presbyopia, and a
wavefront aberration of an eye of thesubject. 180.

The corneab3apMd aredocal ol alfid 7860 WideRicAnt Reel €B8ming
body includes at |east one of a nultifocal ,zone, a

tori GEEBNETRAF WS OFPLRBr 8 PORERL Y 9dd IRCLAGHRS a1n the
j unctragBed i8drt ibheo€ Ot e alpiappiiance of claim 178,
wherein the I ens body conprises a material selected
fromthe group consisting of collagen, a synthetic

pol yrmeri c1va! eredlmethddd o cOEinal7Bomhtheifothe 183rming
The corneal éﬁﬂé nce of claim 181, wherein the

col | &gER PE°CEECTED °F M= eBFBﬁﬁi%ﬁJn&léPPng of
recombi nant col | agen, bovine col | agen, porC|ne
ol agen. 178V GR3AYe LA 198, | 3HEMes N EhSTULOEL,

device is 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.




183. The corneal appliance of claim 178, wherein thejs March 2007
anterior surface of the lens body is treated to

pronote attachnent of the preformed | ayer of

epithelial cells. 184. The cornegl appliance of claim

178, wherein the prefornmed | ayer of epithelial cells

is a layer of epitheliumrenoved fromthe subject's

eyel7885A chinscat apphieade, apppriginge of claim 178, wherein

the preforned |Layer of epitheli cells is ,a |ayer of

epi thel i B B e M%%J&deqscmetﬁ@@ﬁﬁ@H@?I}Stﬂﬂeeﬁo be

plaBed SWPL QLD 1ﬁleﬁM?zeW3§H165 Bead @}%@% k8 aR@! N9 pl aced
over the cornea 86. The coarneal ppllance of claim

178, when giefornied lpyeebﬁ epititlibiagedls obfained pﬁronrhéleusa!bjeciebdmvmg
[ f t
eyl i Bt S i e R SAT S~ R Aebl Srlagof

theder@odeal appllance conprising: a) formng a | ens
havi ng a desired optical power, the |l ens conprising a

syni H&t i Ehegaraeal apphaéaﬁ@iOBylaJ@pM&.w%@r@@meHems bydydependigured

to QYR 8RR Gy i pOBFoRl, BB TR, BEOYPR b Hpvgfront
ab&ﬂﬁ%noﬂmﬁ@mcﬂ&&cmﬁh&tnethod of claim 187, wherein the
| ens_co i ses a terial elected from.the group
coni%t :nrﬁée gArgpl ap taﬁlé? Pﬁcmé’r’% avhesgiy thed g l%q%%de@fat
1ea§t<e4nl:; %9%@@1%0@ zopd,ADRL k&ne'Tﬁﬁ(fM@ér mTL%%OHJ gsln%&wtglggp;

claim 187, wherein the epit I's are provi
junctora  pr ef or med I ayer obt ai ned from a subj ect
rec 'V|n the c

|
C aTh 1o 7he nfRrinet PEAEREE. a'dkin B e kodnoagbrisos a
ma%ﬁy\&@é&teﬂ% tﬂea%;rﬂhﬁ EQUERHE 5f LlA00u sgﬁ&@h@b&lﬁrﬁféﬁ& @fSorial,

and an edge th ness between out m croneters to
- andgpeumbing@nhetcohet ers. 191. A cor neal appllance as

cl aj gged 41‘%' @c%ﬁeéa?fé]aﬁl a%cggf a4 18 %%refl ﬁa%en i§ pefected,

medi canmen a~cor neal” app ance

fromm @oyp ednsttiag dbretdBbimani@blafar, bbhide colkipehaoirtine c@fagen,
nedlcanent for ﬁlSlon correction. 193. A cornea
avigiellageiy dnyine e dpgrBd i dedie @flagimai ns 178 to 186 for

use gp arnIBFh&AIEMantObt G B WHBrelh BleQMterior surface of the
lens body is treated to promote attachment of the preformed layer of epithelial cells.

184.  The corneal appliance of claim 178, wherein the preformed layer of
epithelial cells is a layer of epitheliwm removed from the subject's eye.

185.  The corneal appliance of claim 178, wherein the preformed layer of
epithelial cells is a layer of epithelium that remains attached to the epithelium of a
subject's eye when the lens body is being placed over the cornea.

186. The corneal appliance of claim 178, wherein the preformed layer of
epithelial cells is a layer of epithelium that is separate and apart from a subject's eve.
187. A method of manufacturing a corneal appliance, comprising:

a) forming a lens having a desired optical power, the lens
comprising a synthetic material; and
b) applying epithelial cells over an anterior surface of the lens so

that the epithelial cells will attach to the lens.




194. A corneal onlay, conprising: a |ens body 12 March 2007
conprising a corneal epitheliumcontactable anterior
surface and a Bowran's nenbrane-cont act abl e posteri or
surface, the |ens body having an goptical power from
about -10 diopters to about +8® diopters, an optic
zone dianeter fromabout 5 mMmto about 11 mm a base
cur V&8.f r 6he mbtimtl of clamm 187 ,abhnneinﬂib leng camproses b eraterial sclected
t hi ckness fr out nlcro about ., 3
fromipf EEP epes ! R e e ElHEL OB Ab 3 A0 geen and a
synflcic RS to about 120 m croneters. 195. The cornea
onlay of claim 194, wherein the |lens body has a | ens
bodi89. di dhemethofl 0 Alaith d§7, veharein tlee epfithelial tellnare proéded in a

| erein.t | ens body

prefdlfhe B35 Bua AP M o R Bt MR s6Pimef o or 3.

1971 o0TheTkomagdt ofBlag 187, wheadimtAOns M6y Rhfer Higknegns
IS structured to correct a visual defici ency

betgf@%@@& ¢ wmﬁ@r@mtrsufcmgn@mm@eréf angypgsilge thickness

berPRAPLER! & g SRl ARSI WA, 2 104, wner i n

t hel?lensAlotheal sppiieh@cisethifiedm ardyhd chrimup78 ank86sfot 0 as a
&f toric | enses and wavefront aberration correcting
medieyuend. 199, The corneal onlay of claim 194, wherein

t herdensyhogy, Hagead a@ﬁfaﬁf:e asccqmr{%ﬁtm Eﬁﬁ 5t @lgidh 7@0{8 ti@? for the
about 95% 12 March he corneal

lnm@ﬂh@W@KﬁﬁI@ﬂhﬂmhﬂﬂéﬁﬂﬂ$h@CMEm$Ohody has a refractive

onl 3 of REPRIH pphniaiB LAY MEiat e aBay €A Goteds

me@pﬁm@ﬂlfbyc&ﬂee@ﬂgﬂgﬁﬁonpat| ble material that does not
n§)0n1se t he ocul ar physiology of an eye when the
| ens?4poddy cPBICRlEBA: GOBRTiIFiIESEN t he corneal epithel i um of

e ove s AR BB LOF s o rc

andcaorrwiaass meadonid-oandctabdd lpagerior ﬁ.&ﬁice Tthe lens medy having an
of _ cl ai n119ﬂ#QMMere n.the Iegs body conpri ses
1

onl a
oPtiZg) P PAYENTYR| Betled U dighictsnte PrBup! ¢ giwies. iangorife zone diameter
ﬁorﬁodlbb@tg@ Bheh Y Sbdut ltlyrﬂlen Ialﬂase LYRE floMr aloliPS nYm tolabBE ¥ hm, a

and conbi nations theréo
center thickness from about 10 mlcrometers to about 300 micrometers, and an edge

thickness from about 0 micrometers to about 120 micrometers.

195. The corneal onlay of claim 194, wherein the lens body has a lens body
diameter from about 6 mm to about 12 mm.

196. The comneal onlay of claim 194, wherein the lens body has an edge
thickness less than about 60 micrometers.

197.  The corneal onlay of claim 194, wherein the lens body is structured to
correct a visual deficiency selected from the group consisting of myopia, hyperopia,
astigmatism, presbyopia, and combinations thereof.

198.  The corneal onlay of claim 194, wherein the lens body is selected from
the group consisting of toric lenses and wavefront aberration correcting lenses.

199.  The corneal onlay of claim 194, wherein the lens body has a water

content from about 5% to about 95%.




204. The corneal onlay of claim 194, which conprisesj®@March 2007

synthetic polyneric material. 205. The corneal onl ay

of claim 194 which is free of donor corneal tissue.

206. The corneal onlay of claim 194, wherein the |ens
body conprises collagen and &l synthetic nmaterial.

207. The corneal onlay of claim 194, wherein the |ens
bod?o@onﬁhé sesieal onpayt ¢f Hlaiins b, oplydreinrtlyd bemis dedly has a refractive

. 8., Th orneal onlay of claim 194,
%gﬁ% % é%q lgouﬁgdi conprises a surface treatnent.
20920ﬂ_heTﬁ@chﬁ1%hI SilhpYof @fail BIMyiRAein WhE 18Ik rboﬁ'ﬁecohﬁﬁﬁes an
body nErl ses an agent sel ecfed fromthe group
¥

Optwﬂgucgqa ipcompgiéie nessial that deesaidt gbmproveise the q@ubtr ehm@logy

h
of SRRAE S BlR el hGof 1 Spef R BT U PR MATRERLr Bty anc

thel Bovaghreéciebfahe BF tHeltgegr oup consi sting of ol ded | ens
bodi es, spin-casted | ens bodies, |athed | ens bodies,

abl 8%%d Tnsopsal @alayapk clsmbl Har verising fer kas bogly 1comprises
recyi‘lﬁm‘éﬁf&?ﬁgeﬂml ay of claim 194, wherein the | ens body
conpri ses adhesive effective in securing the |ens
bodf0bn @he epmeal oalyi oidiclabdusd4, RideinThe kas redy compnses
194 in conbination with a corpeal onla

I f
col 3%512 o 'fff %@@ tReLo4R coRyistingiof callagsh 4vrsi InbRs dnzac 1Y% e V,

typgq,qg ahggoﬂngﬁﬁhmqﬂergmer the corneal epitheliumof an
eye. . A nethod of producing a corneal onlay,

con%@4 SI Tﬁlge caraealmnbty AQ0ym 48 ¥hidhosommesa sptbetivophiymeric
ma polymeric material, the lens body conprising a
Neal epithelium cont actabl e anterior surface and a

Bommm SThéedThéA ARG @A tRGH Abk &/ hRdSE Blek OF dSidr kagRal tihee.
| ens bod¥ havi ng an optical power from about -10
di opfter sThe capwat orlpy off elsiar 594, awhwpini hezlsae boidanesmenrises

ngndﬁg about 11 mm a base curve from
COILagout é’%ﬂ?eg%%ﬁ} 112 nun, a center thickness from
abo27.10The comeslt exilsy tod cdinut 94 00hereiar hoEbey Sody@kemArses a
e t hickne ?s from about 0 mcronmeters to about 120

e
pol TOREPESTYIFRAC) ROIRWE or use as a vision _
cors@et | fige @@Pﬁbﬁeoﬂﬁf Bl AR 184 LRerBinCRENEA body comprises a

surface treatment.

maten

209.  The corneal onlay of claim 194, wherein the lens body comprises an
agent selected from the group consisting of peptides, extracellular matrix proteins,
corneal growth factors, and combinations thereof.

210.  The corneal onlay of claim 194, wherein the lens body is selected from
the group consisting of molded lens bodies, spin-casted lens bodies, lathed lens bodies,
ablated lens bodies, and combinations thereof.

211.  The corneal onlay of claim 194, wherein the lens body comprises an
adhesive effective in securing the lens body on an eye of an individual.

212, The corneal onlay of claim 194 in combination with a corneal onlay
insertion device having a distal end dimensioned to pass the lens body under the
corneal epithelium of an eye.

213. A method of producing a comeal onlay, comprising:




epi thelial pocket created between a corneal epithelijMarch 2007

of an eye and Bowman's nenbrane of the eye. 215. Use

of a lens-formng material in the manufacture of a

vision correcting lens for placgrent in a corneal

epi thelial pocket created betd&en a corneal epithelium

of an eye and Bowman's nenbrane of the eye. 216. A

rret hod f farmingizoderorbodgt from, ac @nbflrimicnglatérmhelthei epsa body

err11si ntoca cke reateg g‘\wf‘a L .2 cor d

oIRGBt o e e CaB A E e Age. 814 (hBowman's
mefib@aneZcbhtacttbR potdtog sﬁffaé‘é @aMedd BodyisFifs An topBcdl GoSver From

secured to the eye with an adhesive.
about -10 diopters to about +10 diopters, an optic zone diameter from about 5 mm to
about 11 mm, a base curve from about 5 mm to about 12 mm, a center thickness from
about 10 micrometers to about 300 micrometers, and an edge thickness from about 0
micrometers to about 120 micrometers.

214, Alens for use as a vision correcting device when inserted in a corneal
epithelial pocket created between a corneal epithelium of an eye and Bowman's
membrane of the eye.

215.  Use of a lens-forming material in the manufacture of a vision correcting
lens for placement in a comneal epithelial pocket created between a comeal epithelium
of an eye and Bowman's membrane of the eye.

216. A method for vision correction, comprising:

nserting a lens into a pocket created between a corneal epithelium of an
eye and Bowman's membrane of the eye.

217.  The method of claim 216, wherein the lens is secured to the eye with an

adhesive.




