zone of the cornea. This was fairly easy and thus, popular, but it rarely
did nore than | essen one's dependency on gl asses or contract |enses. [0004]
A | ar gel ywbl2eswadomnd fail ed procedure call ed epi ker at oplpakig2085318y el oped
in the era of RK It is now essentially an acadenm ¢ anonaly.

Epi ker at ophaki a provided a new curvature to the outer curvature of the
cornea by grafting onto the cornea a thin |ayer of preserved corneal
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was pl aced | the caornea after.c | et el v rempvi ng, t.he epitheliumfrom
wher e the ek)(lﬁ&glr aﬁgﬁrﬁgﬁ{%@wfiﬁ%ﬁ\rﬁgﬁp&&s@ﬁ ."’C¥HJ§1 en’g‘ﬁaﬁgp@?a 8?spckaﬁg§pqdéﬂs woul d
be i nsert edthertaofiRie Ristohedssdnfigliysindadentic mléhﬁly I‘E;ﬂte@it@hbhﬁa?rd%%ﬂ&ﬂiang
suture. There were several problens _w th epjkeratophakja: 1) the |enses
remai ned cl BUEGyHESe é’PteEf‘frBWF of %FB‘E‘F%’@E g ’GEBH‘ioiféepCOE’FFé alﬂélﬁléa,ye%i ch
col oni zat i 06f fe%HieBloyrnes) tikshe! BHeqrERWEE BmEMANE is fedezd Middl anB e th1J
epithelium could grow qQver the incision site onto _the surface of the |ens,

the i nt er r uPPEDS 8pireRe ARG Masomenisalss sraynd fow wetifie Aurvaiig: e espitingl i um
heal i ng ont H | OXRL ol t ween the

| ens and thgn%lggstﬁ%%rg#gg.khea&% guer%tili@{ epl g@gfég)p a s?oetll‘?%p |f@n&]t§1teogﬁ|én its use.
It is now uswdedaftepeirietely cerapiingdhe epthelivm fromwhierathe epikeritophaki lesl er at e
very steep te - m 90' s procedur.es, t hat

scul pt the glg‘?lﬁgg F\l;milqtlﬁ3 aegeé %g%msg%lg%goﬁwec%%%&e? qu%élc%: c?g%uz oY Rt dfhﬁ]éiy began
to repl ace mgdicabylkewatgtsamye. Thees Fére s¢verpd peblins erithehikeasphaldab| Btthon of t he

cornea was f;egéel %d ePhe tor fratcl iovtetrker1 e tlo PR;K InSP%(, an abl ative
|l aser (e.g.. " an exer % giphnopt Strprgal HOIOPIash PREzed gdeps BB Ul pt a2 new
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hi eving a new outer surface curve.. Over the ensuing. paqst-operative days,
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phase was pfopkifestioh; 6d BPepitieHin Relihg Bhis (% ffoal S8 SRk héleiYntderuded and

abl ated cornea was pajnful. 1t is also initially difficult to see
space between the lens and the host cornea. Currently, epikeratophakia is limited in its
use. It is now used in pediatric aphakic patients who are unable to tolerate very steep
contact lenses.
[0005] Around the mid 1990°s procedures that sculpt the cornea with lasers were
sufficiently successful that they began to replace radial keratotomy. The first generation of
laser ablation of the cornea was called photorefractive keratectomy (PRK). In PRK, an
ablative laser (e.g., an excimer laser) is focused on the cornea to sculpt a new curvature
into the surface. In PRX, the epithelium is destroyed when achieving a new outer surface
curve. Over the ensuing post-operative days, the epithelium has to grow or heal back into
place. This epithelial healing phase was problematic for most patients since the
epithelially denuded and ablated cornea was painful. It is also initially difficult to see
following PRK, and this "recuperative time” can last from days to a week or more.
[0006] A subsequent variation of PRK corneal laser ablation, LASIK, has become very
popular. The LASIK procedure, also known as laser in situ keratomileusis, is currently
synonymous in the public mind with laser vision correction. In LASIK, an outer portion
(or chord-like lens-shaped portion) of the cornea (80 to 150 microns thick) is surgically cut
from the corneal surface. This is performed by a device called a microkeratome. The

microkeratome cuts a circular flap from the surface of the cornea, leaving the flap



follow ng PRK, and this "recuperative tinme" can |last fromdays to a week or
nore. [0006] A subsequent variation of PRK corneal |aser ablation, LASIK,
has becomgowvesen2psspul ar. The LASI K procedure, al so knowpcaask@s®s2i8n Situ
keratom |l eusis, is currently synonynous in the public mnd with | aser
vision correction. In LASIK, an outer portion (or chord-Iike |ens-shaped
portion) of the cornea (80 to 150 mcrons thick) is surgically cut fromthe
corneal sur{agarsingHoth éptthDIfi bRT EPREbaPissae KlRMAGE ok dbe dTas TPk adfRERE ONE. The
m crokeratonme cuts a circular flap fromthe surface of the cornea, |eaving
the fl apcomprdksinggn pietvedproimper) lasgr inyead togemays orte tedera ppHeteridbe one edge.
This flap '%xﬂo@%d £4iE8 bOACH3NRY AR ISt Made € X AB] fbAS Bhid btk wied to
renove or to reforma portion of the exposed surgical bed. The flap is laid
back into pblkes thewrmsaaehieyes b apw cervataiedeeraektbp Hemoqnieraes to the dasergpedified
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surface. In I'S procedure, ‘epithelia ce? s are not renoved or harnmed. The
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the tlap 1s phafgds MG EHhe AR tEalRAR! 88 D orighl & Bebiliy fgal s back at
the incisiof &rte: ere s essentia 'y "'no recuperative tinme and the
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refractive sdstgeLASIK 8QUAEntH@nsidsmesthe pralidtinginaertad ipadorainsd rafrbedidte i N hi gh
vol une refractive surgical practices and in sone academ c centers is a
procedure caPMP¥d Laser Assisted Subepithelial Keratomleusis (LASEK). In
LASEK, a "fljgue7) | ThoBARsOEcHNuY beiRE EVilatddTh hibh ivEluh@Yefiacele apditdel i umis
lifted off the cornea in a manner simlar to LASIK but usin n et hanolic
wash. The aBrestises and inseme peadergic FeRigrsjiy progadutefal %flk%sarﬁsswd&'fge tgﬁ‘{i’ged
cornea (in mf‘atéﬁiﬁgﬁsigmﬁﬁl(?s H\@ﬁsﬁ&r@!f%ignﬁ@gbfoﬂjp@ﬁﬁﬁﬁml Mihs 18Rk bhel i al
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the cornea, resultin SS recuperative tine an wmth PRK. Current
manner as was done with PRK). However, this epithelial flap is left intact, i.e., the

epithelium physical structure is not destroyed although cellular viability is largely
destroyed. It is simply rolled back into place after formation of the re-curved anterior
portion of the cornea, resulting in much less recuperative time than with PRK. Current
methods of LASEK are not as good as LASIK but the results are better than with PRK.
[0008] The corneal epithelium is a multilayered epithelial structure typically about 50
pm in thickness. It is non-cornified. The outer cells are living, although they are
squamous in nature. The basal epithelial cells are cuboidal and sit on the stromal surface
on a structure known as Bowman’s membrane. The basal cell layer is typically about 1
mil thick (0.001). The basal cells produce the same keratins that are produced in the
integument, i.e., skin. The basal epithelial cells express keratins 5 and 14 and have the
potential to differentiate into the squamous epithelial cells of the corneal epithelium that
produce keratins 6 and 9. The corneal epithelium has a number of important properties: 1)
it is clear; 2) it is impermeable; 3) it is a barrier to external agents; and 4) it is a highly
innervated organ. Nerves from the cornea directly feed into the epithelium, and thus,

defects of this organ produce pain.



met hods of LASEK are not as good as LASIK but the results are better than
with PRK [0008] The corneal epitheliumis a nultilayered epithelial
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SUMVARY [0019] The description incl Mar devi ce applicators for

I ntroduci ng an ocul ar device beneath a corneal epithelium The device

appl i cat or S[onmql ude Fhe asscLptEN ificies geil@diclice ARLDAS EatlihtodaERgRAb&IA | ayer

of the corneal itheliumfroma cornea while
dev1ce eneath a corneal epithelium. The device apphcators include a) an edge
configured to mechanically separate a layer of the corneal epithelium from a cornea while
maintaining the epithelial layer in at least partial attachment to the cornea and b) an ocular
device holder configured to hold an ocular device. The ocular device holder often is also
configured place the ocular device onto the cornea, beneath the separated layer of the
corneal epithelium. The ocular device holder secures the ocular device in the applicator
until the ocular device is placed on the cornea. The ocular device holder may be further
configured to replace the epithelial layer over the implanted ocular device after the ocular
device has been placed onto the cornea. In one version of the ocular deice applicator
described herein, the ocular device holder comprises a recessed region into which all or a
part of the ocular device can fit.

[0020] Examples of ocular devices that may be inserted using the devices and
methods described herein include any biocompatible ocular device, such as lenses (e.g.
contact lenses, implantable lenses, etc.), filters (polarizers, diffraction filters, etc), inserts,
and the like. The ocular device may also be included as part of the applicator.

[0021] At least one edge of the applicator may be adapted or configured to
delaminate the epithelial layer from the cornea. In one version, this edge is substantially
blunt. In one version, the edge is rounded. In one version, at least part of the
delaminating edge is formed by at least part of an ocular device to be inserted. In one
version, at least part of the edge is stainless steel. In one version, the edge of the
applicator is substantially dull. In one version, the edge of the applicator is rounded.
Thus, the applicator may delaminate the epithelial layer by a non-cutting means. In one



mai ntaining the epithelial layer in at |least partial attachment to the
cornea and b) an ocul ar device holder configured to hold an ocul ar devi ce.
The ocul awodesieessbol der often is al so configured pl aceptharseasloarissievi ce
onto the cornea, beneath the separated | ayer of the corneal epithelium The
ocul ar device hol der secures the ocular device in the applicator until the
ocul ar device is placed on the cornea. The ocul ar device hol der nay be

further confj e ' | t ﬁ”igﬂl ted
ocul ar devi cvlgga t%re %ﬁq%{ézgtg{cﬁﬁga}tﬁlggl\l/aﬁg%gﬁgjs#%ggn&%ﬁ%g%%&{)tﬁtdg t he c%?nea. In
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o conFi gur i GOFeaLF LIS RN SR By 65 ARG HEEORHEE G bne
version, thie @uHea forS09sHaSRdfitad ddge b O bepatafed@pRhalial 18YRNThd %@u@@@e i's
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separ at ed bjpordie appli eivefsidnSiBdgivd olitHeappbicr as a low-friction surface. In
particular, the portion of the applicator which contacts any of the delaminated epithelial
layer is a low-friction surface. A low-friction surface reduces the likelihood of damage
(e.g. tearing) to the delaminated epithelium as the applicator is used. For example, the
surface may be coated with a substance which reduces friction (such as a biocompatible
Iubricant, diamond coating, etc). Other low-friction surfaces include polished surfaces.
[0025] The ocular device is releasably held in the ocular device holder. In one
version, the ocular device is releasably held in the device holder by a releasable adhesive,
such as a water-soluble material (e.g. a biocompatible soluble polymer such as
polyvinylalcohol). In one version, the ocular device holder of the applicator is configured
to apply positive or negative force to an ocular device in the ocular device holder. For
example, the ocular device holder may include a channel fluidly connected to the holder
so that positive or negative force (such pressure from gas or liquid) can be applied
through the channel to secure or release an ocular device from the ocular device holder of
the applicator.
[0026] Also described herein are kits for inserting an ocular device beneath a
corneal epithelium. The kits contain a combined delaminating and inserting device for

delaminating the corneal epithelium having an edge configured to delaminate an epithelial



the cornea for 50%to 75% of the edge of the separated epithelial |ayer.
The applicator may be configured to create an epithelial pocket, so that

t he portiwo 206¢/02bs32cor neal epithelial |ayer nechanical | ycsapasoatsrsdy t he
applicator remains attached to the cornea for 50%to 95% of the edge of the
separated epithelial layer. [0023] In one version, the applicator is
configured so that the edge oscillates. Gscillation may help in separating
the epitheli I t i r i e edge
side to si del,%%gg%?\/\%,rec@ﬂ%r O%ﬁé@e&ﬁ%&%ﬂ%ﬁf%%ﬁﬂ%ﬁ %gg{r“{ﬂl’%%‘?‘yé“?iar cul ar)
nmoti on, or shokder cenfigireditd hold ah ecudarfdevi@s CTHelkittalsorrontains beoduler tlesdcgickhe of t he
appl i cator edgs, 4Q" Rfé{] of the plane of the applicator edge. [0024] In one
version, a region of the applicator has a lowfriction surface. In
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ocul ar device holder. In one versjon, the ocular device is rel easably held
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I n one version, the ocular device holder of the applicator is configured to

appl y posi t icpeneglepieqyim ysingfagogwat devign appligntay, inpdugdingethe pnetdsecribedihere. devi ce
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device for configured to hold an ocular device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] Figure 1A is a top view of an ocular device applicator useful in separating

the corneal epithelium and inserting an ocular device between the cornea and the corneal

epithelium.
[0030] Figure 1B is a side view of the ocular device applicator from FIG. 1A.
[0031] Figure 1C is a bottom view of the ocular device applicator from FIG. 1A
and 1B.
[0032] Figure 2A is a top view of another ocular device applicator.
[0033] Figure 2B is a bottom view of the ocular device applicator from FIG. 2A.
[0034] Figure 2C is a side view of the FIG. 2A applicator showing a lens to be
placed. V
[0035] Figure 3A is bottom view of another ocular device applicator.
[0036] Figure 3B is a perspective section through line L-L’ of FIG. 3A.
[0037] Figure 4A shows a representational view of the top of an applicator similar

to the applicator of FIG. 3.



del am nating the corneal epithelium having an edge configured to del am nate
an epitheliallayer of an eye while maintaining the epithelial layer in at

| east parwbabosakzbmehnent, and a hol der configured to holpdTars2es08a8s5 devi ce.
The kit al so contains an ocul ar device held within the holder. [0027] Al so
descri bed herein are nmethods for delam nating an epithelial |ayer froman
eye using a conbi ned del am nati ng and inserting device. The nethod

i ncl udes: M,ggclng %} r9 reﬁ%gtraﬁ‘&ﬁ iz ffﬁfé%oﬁéﬁaﬁg%ﬁe Q&’% icdtor

subst anti al ontinu using a co am nati ng and
inserting d@!mxmto fﬁhep;dmaﬂbwf&iGebl thelial del am nat| ng and inserting device

(al so refer to as 90 ul.ar devij | i cat an hol der,
wherein thef ﬁg?]der i s on }Sgaur?%asefl{ag%nafgeva/r??glc310 mge%%pé) lceﬁ(bros%’?ar%ﬂ’
descri bed heheapplieate shethiddGod. i nserting an ocul ar device beneath a
corneal epi iumusin n ocul.ar devi ce at or,..incl d| ng t he one
Gescr bed hioBE The Tisbfk BAITE it YiRY Br B Bl ol Ehaicnit e grpltivaa
surface of amwaye a substantially continuous epithelial | ayer by i nserting
bel ow the epithelium_an ocul ar device. applicator and inserting onto the
anteri or coﬁ’ﬂ%ﬂ sur FAEE SHsgeghenatig gis; tlFerWPF’Hgﬂf?cﬂPH]é“rat%F b ddGy ar

devi ce appliggator. The ocul ar device applicator may have an edge and a

hol der configured to_hol d an ocul ar devi ce. BRI EF DESCRI PTI ON OF THE

DRAW NGS [ 0B8]l Fi gufigurea’4 shoarsegpew pleahapd-held ogelar devics enplisatonpiachedde or
useful 1n seRadat ifGndRenf@neal epitheliumand inserting an ocul ar device
bet ween the cornea and the corneal epithelium [0030] Figure IBis a side
vi ew of thel0B4lI ar d&iguese/Eaghemis dateidy ofitheepuir deviderppli@o8 132id% efiihederei s a
bottom vi ew r device applicator fromFIG IA and IB. [0032]

Fi gure 2A |§R(gw%%gﬁ%3ﬁej\zv&of anot her ocul ar device applicator. [0033] Figure
2B is a boti0blvi ew Eigutehfeshows bdustadenidat eectippthraigh areting dafafingted 2vith né034]

Figure 2C i %fﬁle% vﬁ%&é‘v%}é"aﬁﬂhc&hﬁ féc%bec?ﬁéréﬁpl icator showing a lens to be

DETAILED DESCRIPTION

[0045] The ocular device applicators described herein are combined corneal
epithelial delaminators and ocular device inserters (hereinafter called “applicators” or
“ocular device applicators™).

[0046] A continuous layer of corneal epithelium may be separated from or lifted
from the anterior surface of the eye by applying various mechanical forces to this anterior
surface, or to the basal cell layer, or to the junction between the basal cell layer and the
Bowman membrane (the “lamina lucida”). The term “continuous” as used herein means
“uninterrupted”. More or less epithelium may be separated from the cornea. For
example, the devices and methods disclosed herein may be used to create a loose flap of
corneal epithelium, leaving less than 50% (preferably between 10% and 50%) of the edge
of the delaminated epithelium attached to the cornea. Similarly, a flap of corneal
epithelium may be made from the corneal epithelium, leaving between 50% and 75 % of
the edge of the delaminated epithelium attached to the cornea. A half flap, or tight
pocket, of delaminated corneal epithelium may also be formed by leaving between 50%
and 95% of the edge of the delaminated epithelium attached to the cornea.

[0047] The applicators described herein may also be used to insert an ocular device

onto the region of the cornea that has been delaminated of epithelium from the corneal



pl aced. [0035] Figure 3A is bottom view of another ocul ar device
applicator. [0036] Figure 3B is a perspective section through line L-L' of
FI G 3A. WwOQ8o2b33gure 4A shows a representational viewpgfi/ushestosussf an
applicator simlar to the applicator of FIG 3.[0038] Figure 4B shows a
representational view of the bottomof an applicator simlar to the
applicator of FIG 3. [0039] Figure 5 is a representational view of the
bottom of an | i Wy . t i i.n . 4. [0040]
Froure 6 A 1Ol KER AL B uliichSis i BRPGATH A B Uil foe

appl i cat or nmpsanted oht0 GlkldeldRiigatedecofia) Iseneatls theepigiteliomvha wae fepatatediont thn of t he

o e, SRS R e o L AR By 30, ¢
Fi gure 7B shdewikedetails of the ocul ar device applicator region of the

devi ce sho I.p, Figure 7A. [0044] Figure 8 sho hi st o] ogj cal .section

t hrough a \rlvgqol"gla del a’ﬁ‘eﬁ%ﬁnec?c ’i‘#vifﬁels te%dﬁitoo‘\@ﬁ}lg?anérév?{?eg SFHRGt or s
descri bed hedeics, pré¥erhblyloilabieS(od ldnid h QAEY, ity veGutafecthayibe & Appl i cators
descri bed herein are conbi n§d corneal epit hel i%,, del ami nators and ocul ar

devi ce i nserRaEFY i peeddheropls Ope suchsaipblefsplar eag dvice tpe ussd yith thequcaesle

appl i cat or s"hvenkiOf AGikscfibePMApplesn N BCTRIS0T R E53AN hiPIstR Rl PO pB¥ el e

separated fromor lifted fromthe anterior surface of the eye by applying

vari ous mecH¥irferncs Britsestively. Erpaplshelqlsr deviges gclidedensep(sudheasisariagt cel |

| ayer, or t i | t b ol D 10 BOMBRD

menbr ane (tﬂgﬁq@%%ﬂlﬁ%ﬁ?lﬁ%n(%@)@?f%%ﬁ? %E%ﬁ@lg&%ﬁérnﬁgngégogggﬁg’gge}here| n nmeans
(e.g. implants to reshape the eye surface), and the like.

[0049] In a first variation of an applicator, the combined delaminator/inserter
comprises a blunt tool 100 as is seen in Figure 1. In general, these applicators have an
elongated shape terminating in an edge region 102. Overall, this version of the applicator
may be substantially flat, as shown in the profile of the applicator in Figure 1B. This
applicator includes a top 104, or upper, surface and a lower, or bottom, surface 106. The
bottom surface 106 is shown in Figure 1C. For the sake of convenience, the region of the
applicator facing the delaminated corneal surface will be referred to as the bottom 106
surface of the applicator and the region of the applicator facing the delaminated corneal
epithelium will be referred to as the top 104 surface. The applicator is shown as
substantially flat, and having a uniform thickness 110 across its length, although other
shapes (e.g. non-uniform thicknesses, “wedge” shapes, etc) are also intended to be
encompassed by this description. Figure 1C also illustrates an ocular device holder (or
holding region), shown as a cavity 120 in the bottom surface into which at least a portion
of an ocular device fits.

[0050] In operation, the applicator 100 may be attached to an applicator mount
and/or a handle, so that it may be controlled by a user. The applicator mount may include
or be connected to a driver motor in such a way that the edge or blunt tip region 102
moves it a repetitive, oscillatory motion that easily separates corneal epithelium from its
underlying tissue without cutting that stromal tissue. In at least one variation of the
device, the edge 102 moves in at least one of a side-to-side motion and an up-and-down
motion. The edge may also be moved in a circular or semi-circular motion, for example,

following a radius smaller than the diameter of the tip region.



"uninterrupted". Mire or |ess epitheliummy be separated fromthe cornea.
For exanple, the devices and nethods discl osed herein nay be used to create
a | oose fwepoefo2esseneal epithelium |eaving | ess than 5e¢r(yse@basabs y

bet ween 10% and 50% of the edge of the delam nated epitheliumattached to
the cornea. Simlarly, a flap of corneal epitheliumnmy be nade fromthe
corneal epithelium |eaving between 50% and 75 % of the edge of the

del am nat ed ached to the cornea. A half flap, or tight

pocket, of MM% epi thelium may al so be fornmed by | eaving

bet ween 50%]@03d] 95% CThetddge Bi2g tinf applientadad tharagivharchiephédhehitalinkiaaghed to

t he cornea. 7]. The li.cators .descri bed_. herein y .al so be ed to
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cornea. The éi@@aoﬁﬁa@ﬂb@éﬁ&mgfdﬁﬂﬁs”@g di8d, IR eleaeeelridd. Sink URkacabap t he
i nserted ocul ar. devi ce 004 The term "ocul ar device" is intended to

i ncl ude any Frrisieghtbisies IB@UIP%‘PfaHIé@?%@ of pluinepss B the varaplugido veryshamt ended

to nodify, r8¥ira IGHE bEREY. VhedrW-skdtioRal fn@@f hé &4 (96hEYver On€ such
sui tabl e ocuﬁqﬂ? | ens adeV| cgéé?o eruseS v(\)n % he ptresegﬁ?ﬁ?'r?ventlon S

descri bed i ﬁhﬂk?pgﬂl@éthe@dgw&ucbw@sem/@mge mgm at ¢heftimpecthis téanlsiog por at ed by
reference i NaidySing Qﬁgﬂlfe? tthe E%@éﬁﬁﬁf%%é? tforoclgwn%ﬁls%ﬁ%ﬂt 6e2 sﬂgagfﬁlc ltla(gg o | enses (such

as contact |enses, ant ab enses fraction
gratings, pairegedusy §0r igstency, th dplicernf's wide @plwamcpllamrvsthtad)lmneshmﬂbcmdrteaeye

surface), ﬁgrr%k I@gtﬂeh%(l%oclleg%rgéxaﬂlﬁpafo; {stafinY rlar 9. Plff é@é% Bé Ik(éf,31 tor, the

conbi ned del tor serter ses a Bl éen in
Figure 1. |[0%neral thmhecragspﬁecmmhmrsﬁlhaﬂmeamgeah géig&ﬂl@dveﬂ@ﬁﬂﬁpécﬁtﬁé\ nati ng
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one version, the angle is constant over the cross-sectional profile. In one version, the

cross-sectional angle of the edge varies. For example, in one version, the portion of the

edge closest to the bottom surface is around 20°, while the angle decreases as the edge

approaches the upper surface. In one version, the angle decreases so that there is no

visible transition from the edge to the upper surface. In one version, the steepness of the

edge profile increases as it approaches the upper surface. The transition between the edge

region and the lower and upper surface may be blunt (e.g. smooth), or sharp (e.g.

angular).

[0053] Functionally, the edge may be considered as having a bluntness appropriate

to separate the epithelium from the cornea and produce a delaminated epithelial layer

without corneal tissue attached. In one version, the delaminated epithelial layer has only

an insignificant amount of corneal tissue attached. In one version, the delaminated

epithelium has no corneal tissue attached.

[0054] The size and shape of the edge region (e.g. as shown in figure 1A, 102) may

also vary. For example, the size and shape of the edge may be chosen based on the

intended use of the applicator and the size of the flap or pocket desired. In figure 1, the

edge region is shown as a semi-circle. Virtually any shape may be used that is capable of

achieving the purposes described herein. For example, the edge region may be shovel-
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applicator facing the del am nated corneal surface will be referred to as
the bottom 106 surface of the applicator and the region of the applicator
faci ng t hwodedcmbszat ed corneal epitheliumw || be referped/useomdnstise top
104 surface. The applicator is shown as substantially flat, and having a
uni form thickness 110 across its length, although other shapes (e.g.
non-uni form thi cknesses, "wedge" shapes, etc) are also intended to be

enconpassed i s _description. Figur Ld | I
dovi o ol daPESeRET PR “HATENRy oottty Ry B okt TR HBb R Mo
surfa;:e i nt '??].g\hﬂ/iaih) ailay hl@@s%.a Rixaily, tharedgk regionsdufigureieV iarsesshpve 88 [ 0050] I n
oper ati on, e a | cat.or be. attached t | JIRES d/
a handl e, séulfsf?ﬁﬁglh ﬁwmgerg%ﬁé%ﬁggﬁ ] Gbg Sga eeg’. fg{ll%%&gipeb ia[%:eg%ror m)pﬂﬁn'ii nmagr
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un I p region mpves it ar ti.ti osci l.l at or. ' at easil
separ at es cé‘?%&%“%‘ﬂﬁ%%flgﬁrﬁinfaf%‘ﬁﬁgg‘%d lﬂh}c‘%fﬁlt%%%’lhﬁ%?g l}é/?’gmg ’t%%g{ﬁlé&;ut ti nzl Y
that stromaly 7 ReYendUE FHbvikiBRs bprleetiotas0i 56|20 (fikd 902/2003)) wisch sthe edge 102
moves in at |east one of a side-to-side notion and an up-and-down notion.
The edge nayersby gncpworssddy referercedp (hefIBHeE: semi -circul ar notion, for

exanpl e, fo i Ng 2 AlRhdhShS MBdrefhal BefestHigodd ARESrelaned, tHeletetngshowdi on. The
Appl i cat or @Qgﬂn Regi on [0%1% The ed%e 102 of the agpl i cat,O{ i s, .the region

whi ch mecharbecalldrgiorctospesificallninelyde shapesditiing 2eBVARIEHAAEES (e SUpIY hel i al
region fromthe surface ofithe &l 3%ack) WspRaehd ©8hRhdBychbhiedef ore have

o
any shape whi cﬁa{?am Itates t%l S Interaction. I n crosssectional profile,
t he edge regbmmation of Hewpitizdiua fsdte cemegdeafatagl e in figure 1B, but the edge

102 maybe o her profiles...e.. ' ; i e
Cross-secti E}th pr of iTIﬁg e%%e ‘Ifrtlhé” %&S%mnweg‘g”%% {hgtr? ﬂo}gg?g&elmg%ﬁa}gﬁgﬁ?ﬁgss, from
the very bl watitioalhelpyr slhaaipplat@pitieantiarepidhdepithelived oy exappde, the

Cross-section rofile of the edge I V. e I f th
edge. Such cf’ﬂ?%{]‘é %09 S‘éf”‘te{1 P%Otﬁ‘ﬂ'g'lsa ggslh %eedrs(g'gt &{%télpe;éf {r?traﬁ’ P ﬁl’)sb %?)géa@ﬁ?ng i g
taken and apppli@ebriPustiemndns vesionftheappticdtorfmay twasedd amsinitigHy intdct a speci fi ¢

task or procedure. For instance, the choice of a wde applicator 100 with a
bl unt tip widitheighte a " PP

[0057] The edge of the inserter may be made of any material sufficient to
withstand the force applied by the edge as it delaminates the epithelial layer from the
cornea. Specifically, the edge region may be made of a metal, ceramic, or polymer, and
may also be coated with another similar or different material. The materials and/or
coatings may be chosen to enhance the ability of the edge to delaminate the epithelium
from the cornea without damaging either the cornea or the epithelial cells. For example,
the edge may be made of stainless steel which can be polished (e.g. electropolished) or
coated. The edge material may also be made of the same material as the shaft region of
the applicator, or it may be made from a different material. Applicators intended for use
with living tissue are preferably made of a material which can be sterilized. The edge
may also include a material which incorporates therapeutic propetties (e.g. medicaments,
growth factors, etc.) to assist the healing process, to reduce pain, or otherwise to help the
cornea in accepting the optical implant. For example, the edge region (or any region of
the applicator) could release a medicament from a polymeric matrix while in contact with
the eye.

[0058] In one version of the applicator, the edge itself may comprise at least a
region of the ocular device to be implanted. For example, the edge may be part of a lens

made from a relatively stiff material, or a lens which is not yet fully hydrated. The lens is
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| arge epithelial pocket, for exanple, for installing a large contact |ens
in that pocket. [0052] Wen the cross-sectional profile of the edge is
gener al | ywoedgp2sizaped, the angle of the edge profil e nmeyralsseswazigs over a
reasonabl e but effective range. For exanple, in FIG 1B, the edge is shown
having an angle of 20 fromthe horizontal (70 fromthe vertical). In one
version, the edge profile ranges from5 to greater than 45. In one version,

the angle is ver . - j ile. .ln.one,version, the
crose. Sect | ondFBEEBRLuB Rl ch BAqG AT SeBREL A oPlehs Bk ARBOY s on. ¢ he
portion of tipplieadgrend isosedto detantitpde %ebpidlre:iidduyfeaﬁamﬂs: @mamrirﬂl &, Thhil e the
angl e decre : e .approaches the. er surface. In one version,
the angl e dg%l(r?szlggezesats%gﬁflﬁ%e ¥ ecragOr F%(?Sr?(%ur\%?lﬁ%lcgﬁgcetal%gﬁé%’?l&?fmlg% the edge to
t he upper supdsitioeing e lemebuerthe corneal kteonei ddpapgsikant isttha redgedpesfind e

i ncreases as,it _approach h r.surface. The transition between the
edge region tgeﬁgfnf Eléjkfcg&%n%srg' H‘%ﬁﬁ%ﬁegﬁﬂw &Sy be bl unt (e. g. smoot h) , or
sharp (e.g. [esgul ar) .Tﬂa@@*ﬁﬁ;}fawmtain@ﬂﬁlﬂoﬁomtsﬁueaoedgegﬁe?ydibgtfhs@Mﬂtlﬁgwd as
havi ng a bl upt.ne appropriate to_separate the epitheliumfromthe cornea
and pr oduceug“g%ﬁstgﬁﬂgg‘%t By ‘iei?f’eé}ffeﬁﬁ a%Pi;i T PRFPHRSES: CBPABAYertipRsdheat t ached.
I n one ver siHplicdidtethe &IpaAW B dpgiRhioP&nkRts thayRily BASmPRMeY cdfledi NSI gni fi cant
anmount of corneal tissue attached. In one version, the del am nated

epi t hel i um HREheM35 theanplicatardpuseds Thushibg surfaye prppertiseofth opafitheshape of t he
edge regi on 4Blihtordsn BRMPtell B dnhSHeE Bnel finctib@ 8l th@gy%lﬁhl%f? tlﬁgﬁxﬁﬁcuﬁp ?gﬁé@@' e,

the size and shape of the edge nay be chosen based on |nteﬁ. use of

t he appl i cati9f oA applicatr iscadayited tegeducefictipn peswke theleprilicasor andthef | gure 1, ':1 he
edge regi on Jo§,5HR ﬁ?ﬁ’%ﬁ a1 Bl 5, C ugl. | sed that
i s capable ofe achiééa\ko?lrgeat e %ﬂﬁg% sreksFg ﬁg\s{%:nﬁebglgt e(r?fg?{en&gﬁ%ﬁorex r?%l?%aféet he
edge regi on smepthiy polisued, or hshtiped witheanaterghtpedduceeticing(dar, etc, or may

o o1, Do, yuTihy S oD, 3R SO s BRI, o
however t he cedifieientsgfifoctioneyr theesithalisd thyed. dn osxeargibeof thoagpitter atdeRf @e m
top region of the applicator includes a diamond coating.

[0060] In general, the applicator may incorporate therapeutic materials (such as
medicaments, etc), for example, to be released during use. All of the applicator, or
portions of the applicator may be made of a material having therapeutic properties, or
may be coated with (or infused with) a material having therapeutic properties.

[0061] Friction between the top of the applicator and the delaminated epithelium
may also be reduced by decreasing the overall bulk, volume, or size of the surface area
which contacts the delaminated epithelium. Figures 2A and 2B show an applicator in
which the edge is a ring 204. In this version, friction is reduced because the surface area
of the top of the applicator has been reduced 210.

[0062] Figures 2A and 2B also show an attachment site 214 by which the
applicator may be connected to an applicator mount. In one version the applicator is
attached to an applicator mount at the end of the applicator furthest from the delaminating
edge of the applicator. In this version, a driver is connected to the attachment site 214 on
the applicator. The driver is configured to oscillate either the entire applicator or

predominantly the edge region of the applicator.

Ocular Device Holder
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to the slight curvature of the cornea. O her exanples of edge regions that
can be used for the inserter described herein are included in US patent
appl i cat iwo 20634652664 (filed 1/17/2003) and US provi si eocalusamglosnasi on
60/ 505, 219 (filed 9/22/2003), which are hereby incorporated by reference in
their entirety. [0055] Although the inserter nmay be described as flat or

pl anar, these terns should be understood to specifically include shapes

(o o9 Pont THRSEL, MRS ce SpBicph 8% bl Rlochlaadbe 3L °Y S
the epi t hel i holddr?)gorhelien goplmeatile suildr deece. [AQF6BA Thevetgaesfontofien | nser t er

ma enetrate t.h Lt heli i th. and/ or w.t hoyt ,additi on hel.p or
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the applicatgr ,is used. In one version, the_appljcator y. use n an
nitiall y i nﬁgcl{O?dgbfe%?ﬁSiaﬁﬁ‘fde(ﬁ%{ﬁ dejis oBefge Bpplicher %‘%ﬁgﬁf’é}’&mﬂ%g made of
any materialthe uﬁifhbmlﬁ Iﬂ’lbmttlﬁe tiibirﬁdfaf‘sb?}ih@tﬂebﬁulﬁﬂie@ﬁe @mhsﬂoQEl: c%b}l’arﬁiﬁ&l | e@ﬂgiﬁn.asdl t

del am nat es epit I a yer fromthe cornea. Specifically, e edge
regi on nay H@Q&adg ofﬁ’ﬁ 9 evicg bplde qontogns fost iael Poxion ofayeeiingd thée coat ed
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may be chosen to enhance the ability of the edge to del am nate the

epi t hel i um fERteAdecsEirRee et Mowe versivadhnerubir dpdee is hemploielyeaclosedtine
epi thelial cgébSuarGe¥icERANR bEhe LHRicEHH %&@Xaxﬂﬁe,@ﬁ%u@%A?érﬁgm&ﬁﬁ mehge!

whi ch can be_ polished ée. . el ectropolished) "or coate edge nmateri al
may al so be theeryitpformed by tavdoldar B0isalthahgornetnd theHerstprojeqs bayond the plene of
applicator, ' npg}% I.ff . L1 Licators _

I nt ended fortﬂibs(}a&ovm th ﬂ% ?@gg‘? %sglgigg%é@g Oﬁ@éﬁ%&ggﬁ éﬁ#al?g 1504?6\9%1 aﬁel?l al which
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of In one version, the holder projects from the bottom surface of the applicator. Placing the

holder on or near the bottom of the applicator allows the applicator to easily deposit the

ocular device after delaminating an appropriately-sized region of the cornea. In one

version, the holder is a cavity in both the top and bottom of the applicator (for example,

figures 2A, 2B, and 2C). In particular, figure 2C shows a lens 107 situated within the

boling region but extending from the top of the ring 204,

[0065] The ocular device holder holds the ocular device before and during

delamination, and releases the ocular device after delamination is substantially complete.

The ocular device may be held and/or released from the holder and by applying force to

ocular device, or by using a releasable adhesive, or by a combination of both.

[0066] In one version, the ocular device is held in the ocular device holder by

applying a vacuum. One or more channels 305 connect to the holder as shown in figure

3A. Force is applied to an ocular device in the holder through this channel. Negative

force is applied to secure the ocular device in the holder (e.g. by drawing a vacuum) and

positive force is applied to release the ocular device from the holder. For example, air

pressure (or any other gas) may be applied through the channel to release the ocular

device. In another example, fluid pressure (e.g. water or saline pushed through the

channel) is applied to release the ocular device. Any fluid could be used to controllably
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the applicator) could rel ease a nedicanent froma polynmeric nmatrix while in
contact with the eye. [0058] In one version of the applicator, the edge
itsel f mayoqosgnbme at | east a region of the ocul ar deviecg/useodsssiispl ant ed.
For exanple, the edge may be part of a lens nade froma relatively stiff
material, or a lens which is not yet fully hydrated. The lens is 1lheld by
Eﬂe ocu: ar devi cedhpl der Snd at least of region of the lens projects from
e applicator, and.is used.tq del am nate t ' | al m

cor neal sur%%]@é‘?ldﬁqlfé‘s? ﬁgc‘i@fq?nélné 335;} S eegrﬁﬂ&leclué%doéﬁyaﬁgdu Sg(gg)urtegei nt o
pl ace after ,gal agnnatbsegcanegaamidsisadhi agalideemedicmneatspste).t he corneal strona.

The applicator is then renoved, |eaving th ens i.n.place -hydrati
the lens, ilP0¢dcessalinne VF@B’BQﬁhe Mt%g‘c%ﬁifgd%%f&ﬁldgﬁdy ?Wiee%%g%e{ gm gu; ? alcgg
;;0)& I( l: 2 tC|O‘r1dBgl%csiv@eln'%&ﬁ{ch}ah%gﬁ@ﬂlvéﬁléhc_ih@iivé iil]?y Bl c Biraxamply, ialbsovagifect
: ormance. |In sone versions of . the licator, .the t 104 of
the appl i caporatespltblemateriabsereit the geiflapiekige @ﬂ%&ﬁ&%}ﬂm@tﬁs{%g}’ foﬁt?ﬁ gg t he °
appl i cat or 'regleelégda&ter Y Sion.t BenPMslAGatePEHINE tla@Biald include, Hud pre @bt lirhited
applicator can be adapted to enhance the function of the a lcator. In
Ba:t i cul ﬂ] , 10 hgolyrogss gk appolyviaylalsphol.bipglymes sugh a5 byadrrpye F‘ﬂg )’F‘?‘?ct i on
et ween e | ' @it firee! .
ggglg%:c%a?l{d?{] e@é}(ﬂp B%t{b‘ﬁ o6 i thatQehs EhE StlesifP{el N @bl or bibger . For

exanpl e, the ' the I cator may be nmade spooth by palishing, or by
coating it \etdfical fleitleeausds therpbesivedo disolye grotheprisg wlegse, allyiBE onpat i bl e

ubricant) . ;T 1,60, £1o8 QM0BiA S ORI G BRI AbeallfN.f Burdhdnoi

coef ficient 5P ction e epit l ayer. 1n one version of the
appl i cat or, cainnkEXS) ot dver 4 lapger &ga oftheforhése appl i cator includes a di anond

coating. [0 In general, t appl i [ 1 14 aRRHL I C
materi al s (8’88’%‘1 as m bﬁuﬁeééén%ng%BéS@g ,a%ﬁéor é%gﬁ%qllg%g{%&%%ltggeggged during
us;a. A : ﬁf ih Figura pPIi EigluerB, ®thapacl 3085 nsuneéts toithe aqupiridedcoholdr §2het ovade of a
material having therapeutic properties, gr oy be t ed wi jnfused
with) a mat &Pl &M HERARBEEHR AABBUT V5P 8’5@??? 3%9“%‘%%%0?%?@((}%%%&{%&9 ween t he
top of the apphiGahdiePRApplhEortetodisldwaiiad teelehdteaiiountar device in the holder.

The inner portion of the holder 120 includes additional channels that uniformly distribute

the force over the ocular device held in the ocular device holder. The channel shown in
figure 4B 305 is shown as open, but it is typically covered to allow pressure to be
transferred to the holder.

[0069] Figure 5 shows the holder of figure 4 holding an ocular device 505 (a lens).
The channel 305 connected to the holder has been sealed. In this example, the channel is
sealed with an external covering (e.g. tape) 510. The channel may be incorporated within
the inside of the applicator.

[0070] In operation, the applicator attaches to an applicator mount 610. The
applicator mount may include additional components, such as a driver (e.g. to oscillate the
edge of the applicator) or a port configured to connect to the channel to apply force (e.g.
drawing a vacuum) to the holder. Figure 6A shows a top view of an applicator connected
to an applicator mount, and figure 6B shows a bottom view of the same applicator. The
port 605 projects up out of the plane of the applicator for connection to a pressure source
(e.g. via a tubing member). An alternative applicator mount is shown in figure 7B, in
which the applicator is held by an applicator mount 705 also having a port, and further
connecting to a handle 710 as shown in figure 7A.

[0071] The applicator may be fabricated either in separate parts (e.g. the edge, the

holder, etc.) and assembled, or it may be fabricated as a single piece. For example, the

14



may al so be reduced by decreasing the overall bulk, volune, or size of the
surface area which contacts the del am nated epithelium Figures 2A and 2B
show an appleatess2i n which the edge is a ring 204. |n Porasy@ss3n8s
friction is reduced because the surface area of the top of the applicator
has been reduced 210. [0062] Figures 2A and 2B al so show an attachment site
214 by which the applicator may be connected to an applicator nmount. In one

version the a I|cato is atta d
app i cat or “i{’cﬁ@gm e BoRan i HoBRR R Al B telactf Bl DL e
versi on, blicgtor isEhesen Bji‘ﬂ:teeldmgﬁbr aﬁrede@bmc’ammhmtpas upen mmtended pgpose

appllcator e drjver is con ure C|Ilat ei.t h t
appl i cat or thhﬁlaéﬂ%?ﬁ‘ioﬁér& PRyt ee g f’ ﬁlereforeﬁoélg lgort%QOIcLFa

ggx: gg Eo: g%%ﬁtﬁg@ﬁs}ﬁrgﬂ@'@ﬁbﬂt@?‘m €ena@pdllmﬁkﬁn’ssainﬂartbrﬂtdth1dbmsan ocul ar
ol der ("the holder™) to an_i ant e

3A shows onef thsbasabeplldeyess- gezp?ﬂ?P‘Ftcl “‘P}BISELS &Oﬁg\%\fﬂ (gﬁdélsﬁebﬁoﬁ olug | gur ©

recess in the hetd NoRINLE. @(HGtOQfOOB he Fepelahpal e eag%ftﬂempgmwlaﬂayhram hol der

rel easably secures an ocul ar device on (or in) the applicator. The hol der

rel eases a §@dme€€ohr@@dl2&rm’él%w ce once the applicator has sufficiently

separated t p| t hel 'ﬁisﬂgfh Qé‘%l%&%uf‘eq{efé‘@n&%ahﬁiﬁ&ed&@ﬁls&ﬁéﬂ Suladawiee fits
into the de am nat ed reglion 64 he ocul ar devi ce hol der conforns to at

| east a por thensathof substargigllp mtast Sheh@f@mﬁpahelﬂ‘é?vil e-ethe portigp af the prifhsHum he
ocul ar deVI gﬁ éhoslsgs 0 thce%g{ ﬁ&nﬁde és@@t&t is PARiInANIsChe aé'&rléeaxﬁ@y wfustdh@ ocul ar

devi ce. ocul ar eV|ce I's conpl etely enclosed in the
ocul ar deV| dess bepahe waps Rohms‘apcp:d, the applicatoEoay bx ugep teremone sqlegtadeodimns g | ens

would fit int the avit r f the |
proj ects beydHdt grﬁfl%\r%dec?g Yhe tﬁ% %‘ggﬁlg% qqéﬁéﬁ |0ﬁ9%&lﬁﬁégggﬁgagd 3, et hgns
ocul ar devi Ggodealkeahe é;ﬂtﬁelhﬁn magzamemovemmtthaefompfmsnfoﬁaptahlewaquibne@acmfr into

whi ch the ocul ar device fi The hol der ..s I
edge of the TaRjperERtBre- R‘?f?‘onﬁ‘ﬁd’n?%aenyﬁ(?fnﬁ%lrlaslmsregl\g’?erﬂo ﬁ%ceé&getg(f hllﬁrs% I{elgz:jlengn at

| east three jgitRss it HBbd\@sHele B apply hlaa\tetﬁeanﬂaﬁmurfms;ha ayetdie bottom of

the applicator.
enhance the mechanical epithelial delamination.

[0073] Figure 8 shows an example of a cornea that has been delaminated using one
of the inserters described in the present invention. The epithelial layer 805 has been
cleanly separated from the cornea 807, leaving a portion of the separated layer attached
the eye 810.

[0074] In one version, the applicator is used to delaminate the epithelium of an eye
and to insert an ocular device onto the cornea between the corneal surface and the
delaminated epithelium, which is placed on top of the ocular device. In one version of
this method, an inserter as described herein is first placed near a portion of the epithelium
on the outside of an eye. In one version the inserter is used in combination with a device
(or devices) configured to position the inserter relative to the surface of the eye. Inone
version, the inserter is integral to such a device. Force may be applied to the inserter,
which penetrates the epithelial layer (usually only once, though multiple cuts are also
consistent with the methods and devices herein), and then moves across the eye beneath a
portion of the epithelium but above the corneal surface (e.g. in the region of the lamina
lucida). Thus, a portion of the epithelium is separated from the corneal stroma by the
motion of the inserter, while maintaining the epithelial layer in at least partial attachment
to the cornea. In one version the inserter (or a region of the inserter) is also oscillated to

facilitate delamination of the epithelium as described herein. In one version, the ocular
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In one version, the holder projects fromthe bottom surface of the
applicator. Placing the holder on or near the bottom of the applicator

al | ows t hgoapelizembor to easily deposit the ocul ar devi eeTafsb@s/032185

del ami nati ng an appropriately-sized region of the cornea. In one version,
the holder is a cavity in both the top and bottom of the applicator (for
exanpl e, figures 2A, 2B, and 2C). In particular, figure 2C shows a |l ens 107

situated wthin the holi.n egi on but ext.end] fromthe top of the ring
204, [0065] ke liiElead Gt hEHGTRn QooRdFEILn PHES cURfrengIER LUPRFE and
during del anthaatilonievienbhsbetrodedmsinitit aotthk Aisede iy ®e afithefawdceamda@ti on i s
substanti al | onpl.et e.., The,. oc r device may be he and/ or released from
t he hol der a%&faﬁgg A epqn)ﬂ]%sdmff‘%er%éﬁet ‘E?nlfé‘uﬁ[h nedé(ﬁ?‘)é‘é{‘]e %ﬁ(}anﬁ?atﬁg?ﬂﬁd&mf‘ Bldeasabl e
adhesi ve, orpdojketavhichivbinmas itone Oficd30d Portib DGR inkdHeOREhY 65uSir@Bvicd B ocul ar
device is held in ]&{}ﬁ cul ar device hol der. by applying a vacuum One or
more channel85%56% AOEs versin e dlgniated spithelgnys at feagtipgitydolded avest ce i s
applied to afomeiélsaffacdd@Y theRyd; AfibhRadRkaerr oo idiS sehanhel - Negative
force is applied to secure the ocular device in the holder (e.g. by draw ng
a vacuum) arftiogs8wet§ & eASPIgiosECtive saigpIy dep dedanpipgtechenithelivan iseenlaged.devi ce from
t he hol der. gg9s] examiig epidlelialicRESiiRe £ : Y pl i ed

t hr ough the[ cha]nn_el to re%II eeageet_he oc%l afhogg%?récﬁéh&{c%&gaﬁ%% her %%5‘?98 e, fluid
pressure (e.guupgioarvigrcomgplirphaping hwdeduresougtocedveesdimd doedt)invodveappl i ed to
rel ease the Qcul .8k HEMU P ARV e ntrol.l ably 13hol d
and rel ease pft?he OCtL(I)| géhefrg%ngﬁ%c‘{sﬁg tgep%%%eg%tg% é@ﬁg%@iﬁ?ﬁ%%}g c?ﬁ%’r? %I may be
used t o applpyoagdest may bebsaddnpreparg en gpitheliaj ppdet suclepastienatbithn, attagtdicament s,

etc.). [0067%])_J.n S] ular device.is held.in the holder by a
rel easabl e a SSFgg%aﬁﬁﬁfeb%?c{}??H%gl%a?’ RS %F\%Klbgpggﬁ?gﬁl%dthﬁﬁorﬁ?lused. For
exanpl e, i n flapeepleedi on a wat er-sol uble materi al secures the ocul ar device
in the hold ntil ikt is read 0 .be rel eased_ after insertion. Exanpl es of
wat er - sol ubﬁ’g7¢jrat eri aﬁhg Stf‘?ﬁ’arﬁﬁ‘éptl‘ﬂﬂ?l%ﬁlrcé’r‘??(ﬁfneﬁ foropRdpvicss: as Bell ghesr@ns uch as
pol yvi nyl al efkelbenditopaionteto tefecis vas@lons 6N cpRhdkal ddininARg device,

Y o G sech ARSI 2fnds o abhoilng e thveation should Rt however, e (- 0"

taken as limiting the scope of the invention in any way.
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beneficial fluid) causes the adhesive to dissolve or otherw se rel ease,
allowi ng i nplantation of the ocul ar device. Such a solution may be applied
| ocal | y (wogoodvzsagh a channel 305) or over a |arger arpea/usboosihs2ie®r nea.

[ 0068] Figures 4A and 4B show a spatula-1ike applicator simlar to the one
shown in figure 3. In Figure 4B, a channel 305 connects to the ocul ar

devi ce hol der 120 at one end and al so connects to a vacuum source and/or to
a source of __air or liquid (not shown) that are regulated to apply force to
hol d and/ or ase an ocular device in the holder. The inner portion of
t he hol der 120 includes additional channels that uniformy distribute the
force over the ocul ar devige held jin the 0C“'1arrdegi%e\:’.éﬁ%atﬂglc?r%@al The channel
shown in filgukeofsr dpdeq @pLsaRpioatedysing 2 Getiitdeyice PRSI AP *Eover ed t o

al | ow pr essurg:pi{h@mg@c&ﬁ gerred to the holder. [0069] Figure 5 shows the
hol der of figure 4 holding an ocul ar device 5%5 (02 | ens aleT]{‘[%hChaﬂ)orI‘nEI 305
connected to t hankegereniigied ausshanicallx sepapafe 4 Ry ob g ¢aTeal SPEIERANARI s
sealed with ap c&ﬁ{:ae\{fﬁi?el m&RM BB &fithGlial o8& ablk&bt paktis] achvdireel torieyy be
incorporated wwthin the inside of the applicator. [0070] In operation, the
appl i cat or at tasésesnd o an applicator nount 610. The applicator nmount may
include additional GOMMONERbKer BHEIEPoPIHE tHeREulbldeFice bneatiGhd kpdreft he edge
of the applicator) or a port configured to connect to the \%E nnel to apply
force (e.g. dfmwbmgalapitativomgpon thetchmenehditorholdthg gparglgvist ) top view of
an applicator _connect i cator nmount, and figure 6B shows a
bottom vi ew o?pp?]ﬁgtors%nﬁgs%%ﬁ)?a?gg%}g'r. The port 605 projects up out of the

pl ane of the applicator for connection to a pressure source (e.g. via a
tubi ng nenber). An. alternative a i C I i i i 7B, in
whi ch the a%)f)[l)hleéﬂfq{??tof %frcﬁaéﬁnal ‘%%/erglﬁlthaeﬁgﬁg]?cgg ot%hrr% n%ﬂ%ém%ﬁeg%eféﬁ%lﬁé a port,
and further cofeesks ihg otwamichizadite phtémas of thewenlamieficgomte theaorfe@071] The
applicator may be fabricated either in separate parts (e.g. the edge, the
hol der, etc.) and assenbled, or it nay be fabricated as a single piece. For
exanpl e, the The applicator of claim 1 wherein the ocular device holder further comprises a recessed

region.

4. The applicator of claim 3 wherein the recessed region is configured to hold the entire

ocular device.
5. The applicator of claim 1 wherein the applicator is spatula-like in shape.

6. The applicator of claim 1 wherein the applicator is further configured to produce an
attached epithelial layer having an epithelial edge that is attached to the cornea for 10%

to 50% of the length of the epithelial edge.

7. The applicator of claim 1 wherein the applicator is further configured to produce an
attached epithelial layer having an epithelial edge that is attached to the cornea for 50%

to 75% of the length of the epithelial edge.
8. The applicator of claim 1 wherein the applicator is further configured to produce an

attached epithelial layer having an epithelial edge that is attached to the cornea for 50%
to 95% of the length of the epithelial edge.
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14applicator nmay be injection nolded and/or m cro-stanped into shape. The
size of the applicator is chosen by the designer and depends in |arge part
upon t he woteswiaesspur pose of the applicator, e.g. upon Proeweswsos218® be

i npl anted and therefore should not be limting. However, the applicator may
have an overall thickness simlar to the thickness of the basal cell |ayer,
e.g., about 1/2 ml to 3.5 mls. (0.0005 to 0.0035"), but often about 1.0
ml to 3.0 ni 0.001 to.0.Q03"). For exanpl t he e of t appl i cat or
may have a ?Li %%%’gm%ﬁ%ﬁﬁﬁmgfél IWE¥af@ﬁ?%?“%@#ﬁ%ﬂ@ﬁgﬁﬁﬂ“bWﬁﬂéﬁJﬁ here is
normal |y used ddge.i nsert an ocul ar device beneath a substantially intact
sheet of the epithelium i.e., the portion of the epitheliumthat passes to
the anterior side of the dissector is continuous, the device nay be used in
| ess el egantl0Walysapphiitor 0T Slafi O vheteieth@ it f6t i EorlfBYrel o HisRthilly QsdiBADV E

sel ected portipns, of that nmenbrane. |Indeed, when this device is used in
conjunction w hedge| ASEK procedure, the epitheliummmy be renoved in the
formof a soft flap allowi ng for ease of replacenent or re-positioning once
any corneal |aser renodeling is conpleted. In some instances it nmay be
desirabl e t dl-allisaralieater ofi elgim { hengw thavedeeisopurdsdf ace of the eye to enhance
the nmechani cal epithelial delamnation. [0073] Figure 8 shows an exanpl e of
a cornea that has been del am nated using one of the inserters described in
t he present 12.rihe applisator Thaaimp| whestin dle edge/ie sulgeBtidllyblivéen cl eanl y separ at ed
fromthe cornea 807, |eaving a portion of the separated |ayer attached the
eye 810. [0074] In one version, the applicator is used to delamnate the
epi t hel i um &3. "Hre spplkcatmaf tlaini hehereinanleas alpartiod @f the@pplithor tdigprizes npa-bet ween
t he corneal S?%&ﬁﬁ%m%Qd t he del am nated epithelium which is placed on top
of the ocul ar dévice.~Th one version of this nethod, an inserter as

descri bed herein is first placed near a portion of the epitheliumon the
out si de of e. .In one.versiqn the inserter is used in_conpination with
a device (O?EJ%FT&F&?“’%%@?’@J? epedP st Rariqoe theppphiator hﬁ%gg’ﬁ"i've to the
surface of théeriga.codtihgone

15. The applicator of claim 14 wherein the low-friction coating comprises a diamond

coating.

16. The applicator of claim 1 wherein the ocular device holder is configured to allow

positive or negative force to be applied to an ocular device held in the ocular device
holder.

17. The applicator of claim 1 wherein the ocular device holder is fluidly connected to a

channel configured to pass positive and/or negative force to the ocular device holder.

18. The applicator of claim 17 wherein the ocular device holder is further configured to

release an ocular device by applying a positive force through the channel.
19. The applicator of claim 17 wherein the ocular device holder is further configured to

secure an ocular device in the ocular device holder by applying a negative force thongh

the channel.
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version, the inserter is integral to such a device. Force nmay be applied to
the inserter, which penetrates the epithelial layer (usually only once,

t hough mavbi2péem2aists are al so consistent with the nethosdstansdodeviigses
herein), and then noves across the eye beneath a portion of the epithelium
but above the corneal surface (e.g. in the region of the I am na | ucid)
Thus, a portion of the epitheliumis separated fromthe corneal stronma by

t he notion ' Whi |l e i nt ai ni the epithelial |ayer in at

| east parti 5%6 Ztﬂ %%%{I:i?r%él{&{%a hzwé%grrenme ?glfaﬂn%%seco\‘?‘ﬁglg%w ReFBI R R Cer (or a
regi on of the resarteby aipliediosm coslet ddvizt deld tidthe acilhi dedice hel@éranmi nat i on of
the epithelium as described herein. In one version, the ocular 15device is
rel eased fromthe inserter once a region of the cornea | arge enough to
support t he 2dcThaapptieatdros chias 20 edbretadhamicncostignaido bhenii N\sRivEhir MY be

wi t hdrawn, | eavi % %h@e ocrlcﬂr devi ce on ggg,stuﬂrface of the cornea. In one
version the deI"SESILE PBIehear aflpdexicp Belg & thearwla dewisaholderabove at | east
a portion of the inserter as the ocular device is inserted. In another
version the 2ejr€m' nated epjtheliumis at |east partly fol ded away fromthe
surface of the  83Plicaieral clgm L spheroin e edgsdanzipuadeddvi ce (or some ot her
procedure, e.g. |laser corrective surgery), the delam nated epitheliumis
replaced. [Q075] The epithelial delam nating nmethods herein described may
al so be used’i hicaprlieatetof slaim trheresy the edee issshsipitialy pliotedur es or procedur es
that do not involve placement of ocular |ens devices on the surface of the
eye. Specifically, the disclosed procedure may be used to prepare an

epi thelial pbckixapphcatoriof glgim bfhersinthe ¢rgars mtndedhed hi nge. For exanple, a
corneal reshaping procedure may be perforned and the corneal flap repl aced.
[0076] The structure and physiologic properties for our devices, as well as
certain of Ehellzapelidate ofelatn twhereintthe ¢dge issybiedsiswelvar i ati ons of this
epithelial delam nating device, have been described. This nmanner of

descri bing the invention should not, however, be taken as Iimting the
scope of t h26.i Theapplicatorioficlainy 1 iather chadphsiok &b ddular device secured in the ocular

device holder.

27. The applicator of claim 26 wherein the edge comprises at least a region of the ocular

device

28. The applicator of claim 26 wherein the ocular device is secured in the ocular device

holder by a releasable adhesive.
29. The applicator of claim 28 wherein the releasable adhesive is a water-soluble polymer.

30. The applicator of claim 29 wherein the releasable adhesive is polyvinylalcohol.
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1. An ocul ar device applicator for introducing an ocul ar device beneath a
corneal epitheliumconprising: an edge configured to nechanically separate
a | ayer olot2bes/esspeal epitheliumfroma cornea while nmeicmtdtwisngishe
epithelial layer in at |east partial attachment to the cornea; and an
ocul ar device holder configured to place the ocul ar device beneath the

| ayer of the corneal epitheliumupon the cornea, and to hold the ocul ar
device withath ' - il .such. placement.. 2. The | i cator .of claim
1 wherein tﬁg' g‘p‘%ﬁ%@l aeg gglgllh}snu{gﬁ%%dg&ﬂsregﬁlgtdSVI?éeT%’f geg%mltnﬁténgeaﬁ%l%ﬁéllﬂogfonlogyer ont o
t he ocul ar devtheeoradal egithplivane nmnt confea ivkplacing ar odiky deGceaiitthe Ed@eaCcor nea. 3.
The appli cat orcoglf ri(s:.l aim1l wherein the ocul ar device hol der further
conprises a recesseder egion. 4. The applicator of claim3 wherein the
recessed regi on asedgonbnfipurcddo tdathibhtd ah BgitheRililayer oftaslegé; device. 5. The
applicator of claiml wherein th pplicator.is spatula-like in shape. 6.
The applicator of" &P W@cﬂiﬁﬁl@%‘?tﬁo fahﬁéd@p}.’f%‘?ré’é‘tﬂgeruﬂpﬁr IR ROFIPESHSA Ig¥T ed t O
produce an at tfactiwdudpdet &l i al | ayer having an epithelial edge that is
attached to the cor nea for 1?%to 50% of the | ength of the epithelial edge.
7. The appl i cat of® ¥fag Agion bpldgheqnbiepred foholdan paer €¢vises furt her confi gur ed
to produce an attached epithelial |ayer having an epithelial edge that is
attached to the cornea for 50%to 75% of the |ength of the epithelial edge.
8. The applicator of claim1l wherein the applicator is further configured
to produce an attached epithelial l[ayer having an epithelial edge that is
attached to the cornea for 50%to 95% of the length of the epithelial edge.
179. The applicator of claim1l wherein the applicator is further configured
to oscillate the edge.
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10. The applicator of claim9 wherein the applicator is configured to
circularly oscillate the edge. 11. The applicator of claiml1l wherein the
edge i s rwondew2oi2. The applicator of claim1 wherein the/sdasbass
substantially blunt. 13. The applicator of claim1l wherein at |east a
portion of the applicator conprises a lowfriction surface. 14. The
applicator of claim1l3 wherein at |east a portion of the applicator has a

lowfriction_coating. 15 The appl.icator, of ¢l ai.m 14. kel

low-frictios &%%déﬁﬁwagﬁ%g‘gl 18?% ndﬁwg%gotr?ﬁ%ﬁ&%ﬁ%ﬂ%{oﬁ%ﬂﬁfor of
claim 1 wher ejyg chideal @pitHelitimde¥placingial cleiar idsvieond thgdelaningted edrthew positive or
negative force to be applied to an ocul ar device held in the ocul ar device
hol der. 17. T¢RERAPP®i cator of claim 1 wherein the ocul ar device holder is
fluidly connect g obar@e¢aRs18dr copifulits ededshlphsls tHeasulat dgicand/ or negati ve
force to the ocul ar device holder. 18. The aaglgl i C?It-hgr of clﬂ”? 17. wherein
the ocul ar devi B efgsicaatisyred to grechanically, saPAFR By F T s caraedd SRIeEUT S0P Gevi ce
by appl ying a, Q&Eéa}]\!vaé hhERink MOpehellahRyshaRINedst %&Qal afthmangb ideat or  of
claim 17 wherein the ocular device holder is further configured to secure
an ocul ar devéansed aad he ocul ar devi ce hol der by applying a negative force
though the channel . 11820. . The aRRldhcRi@:. of claim 17 wherein the channel is
configured to permLt1 a positive pressure to be applied to an ocul ar device
held in the ocul ar device holder. 2 1. The applicator of claim20 wherein
channel is gonfigured t.0 r-m.t. L fd I, K ~ fd to an
ocul ar devi e%&%glainhn#%gngicuegt}n%élgg{?%g%%ﬁn Sr“fhgge%‘?&#ﬁgg"t&gﬁcﬁﬁ%rg? %)lr)fagf claim
1 wher ei n t helaglgacdiasofahe ominddelitd. p. 23. The applicator of claim1 wherein
the edge is substantially blunt.
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24. The applicator of claim1l wherein the edge is rounded. 25. The
applicator of claiml wherein the edge is stainless steel. 26. The

appl i cat owoahosnl28d3m 1 further conprising an ocul ar devi eeTaseasaskish t he
ocul ar device holder. 27. The applicator of claim 26 wherein the edge
conprises at |east a region of the ocular device 28. The applicator of
claim 26 wherein the ocul ar device is secured in the ocul ar devi ce hol der

by a rel easabl e adhesi ve. | i.cat or erghn t he

rel easabl e HdHEseeRHkr device a\Rét‘%‘ForE‘HI“%[B BCIB%FSI/% i dﬁY}ce bﬁ%ﬁ%%g?ll{lcat or of claim
29 wherein thg]ﬂﬁh@@§§@$@mgghESIve |s ponV|nyIaIcohoI 191. A conbi ned

del am nati ng and i nserti_ng devic delanlnftln as ooq%lon of
the corneal epi PREAgAAFEERT 19 TRGAF lﬁﬁﬂ’afﬂtea%a H“ec?Bf?F p’(&%\]} ceon the
cornea conpri gi:fdea FhilEHAREmMH thOsiBekidl myaeihamempanarmwmehebm | ayer of
an eye; an upper surface adjacent to the edge, wherein the upper surface
conprises a | ewhedcti on surface; and, an ocul ar device hol der configured to

hold an ocul ar ‘%ﬁ\é'cﬁlﬁr de%{ééﬁoldé c%ﬁﬁgir&ﬁ@l PRk aiF Ofhi dgicd BendafhSBY lajdr@f devi ce
for delam nating at [|east portion of the corneal epjthelium and placing

an ocul ar devﬂw&oumduméh@wMGn$nﬁméﬁﬂﬁéﬁﬁéﬁﬂééhﬁﬁP@#ﬁghvﬁnwﬁhgpar devi ce

hol der confi gur d the ocular device; an edge configured
to nechanlcalﬁvﬁgg%g ISI?Cﬁs‘b'?ggéﬁ{mﬁq{‘nthe corneal epitheliumfroma cornea
whi | e nalnta|n|ngxmﬁbr@pwbhéﬂwamnﬁhyemﬂmnbﬁweh@é@t partial attachment to

t he cornea; and, an ocul ar device held within the holder. 33. The

del am nati ng and inserting device of claim32 wherein the edge is conprised
of at




| east a region of the ocular device. 2 14. An ocul ar device applicator for
i ntroduci ng an ocul ar devi ce beneath a corneal epithelium conprising: an
edge confwouoem2vzz2nechani cal ly separate a | ayer of thepcoruseals/osnsgs hel i um
froma cornea while maintaining the epithelial layer in at |east partial
attachnent to the cornea; an ocul ar device holder configured to place the
ocul ar device beneath the | ayer of the corneal epitheliumupon the cornea,

and to hold the ocular device.with the | i cat,Qr. i | acenment; and
an ocul ar d%iri‘%@t%fglnﬁfewn?@ﬂcﬁlﬂélegﬁﬁ e&?%é\??rggalﬁéﬁﬂ%@%cﬁégﬁ kit for
inserting an ocul @mbdrlidelembatgpind issetting devte fopil¢leinhting thboegndati ng: a
conbi ned del am nat.i ng and .inserting devic r del am nating.t.he corneal
epi t hel i um an@Pifelip agd BACBE %ﬁuiafl ?/‘i“&?eonotﬁe {leﬁaémﬁg?‘gﬁ?rﬂeﬁtcgggg%l?%%na%e
conpri sing an &46ara96ié18Hned ah epidelidniysnsfanage efhilé heintading ty epithefialan eye
whil e mai ntaining the epithelial |aye J@{g at | east Eﬁrti al eltt chnent, and
a hol der conf layariadt keest Reytial aitAchorent apd ¢y ﬂ?fé?“fgﬁ’ﬂaedé FAaR SFUHSTTEE hel d
wi thin the holger. 23

an ocular device held within the holder.
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