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[0003] The epithelium is the outermost layer of the cornea. It comprises about 10 percent of
the cornea’s tissue thickness and has two primary functions. First, the epithelium functions to
block the passage of foreign materials into the eye. Second, the epithelium functions to provide
a smooth surface, which absorbs oxygen and nutrients. The epithelium is filled with thousands
of tiny nerve endings, which make the cornea extremely sensitive to pain when rubbed or
scratched. The part of the epithelium that serves as the foundation on which the epithelial cells

anchor and organize themselves is called the basement membrane.

[0004] Lying directly below the basement membrane of the epithelium is a transparent sheet
of tissue known as Bowman’s layer. The Bowman’s layer is composed of strong layered protein
fibers called collagen. Beneath the Bowman’s layer is the stroma, which comprises about 90

percent of the cornea’s thickness. It consists primarily of water and collagen (collagen I and III).

The collagen gives the cornea its strength, elaéticity, and form. In addition, the shape,
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reveal the stroma. An excimer laser is used to shape, or ablate, a portion of the stroma, and the

flap is then replaced. The proper shaping of the stroma is dependent upon the type of refractive

error the patient suffers from.

[0009] Radial Keratotomy (“RK”) and Photorefractive Keratectomy (“PRK”) are ather
refractive procedures used to reshape the cornea. In RK, a knife is used to cut tiny slits in the
cornea, causing it to change its shape. PRK is similar to RK, except a laser is used to reshape the
cornea. Often the same type of laser is used in LASIK and PRK procedures. The major

difference between the two procedures is the way in which the stroma is exposed before it is
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with a 1 M NaCl solution) achieves a separation at the basal lamina (i.e., the lamina lucida) that
results in the production of a pure epithelial flap. So does suction blistering. In addition, since
the lamina lucida is the weakest link of adherence, mechanical force along the basement
membrane results in a blunt dissection along the lamina lucida. Forceful introduction of a

mechanical probe or fluid can be used to achieve a blunt dissection to create an epithelial flap.
BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1A is a schematic of the eyeball.
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- cooling device.

[0023] FIGS. 8A and 8B show, respectively, a side cross-sectional (across the vacuum ring),

and a cross section view of the handle of another variation of my cooling device.

[0024] FIGS. 9, 10, and 11 show a side cross-sectional views (across the vacuum ring) of

several variations of my cooling device.

[0025] FIG. 12 shows a side cross-sectional view of a variation of my cooling device

included in a blunt dissector de-epithelization system.

[0026]  FIGS. 13A and 13B show a side cross-sectional view and a perspective view of a
variation of my cooling device included in a blunt dissector de-epithelization system suitable for

forming an epithelial pocket. FIG. 13C shows such an epithelial pocket.
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production of a pure epithelial flap or epithelial pocket, where the plane of “separation” is just
beneath the inferior cell membrane of the basal epithelial cell, and just above the collagen I and
collagen IIT of the anterior corneal stroma. Irefer to my methods of making a pure epithelial flap

or pocket, as epithelial delamination.

[0032] Shown in FIG. 2A, is a cornea (200) with its outermost epithelial layer (202) intact.

In order to access the stroma (204) for ablation, the epithelial layer (202) may be partly removed,
or pushed aside. FIG. 2B shows a cornea (206) after epithelial delamination. As shown there, a
pure epithelial flap (208) has been produced, leaving stromal area (210) accessible for ablation or
placement of a contact lens. Formation of an epithelial pocket (a subset of epithelial flap) may
also easily be produced by, for instance, using a blunt delaminating device resembling a spatula,

perhaps oscillating.
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destroying the basal epithelial cells themselves, but do not harm the epithelial cells that reside

above the basal epithelial layer. If 1M hypertonic saline is used, the basement membrane
complex dissociates along the lamina lucida. Basal epithelial cells are generally not destroyed.
Incubation of any epithelia in 1M hypertonic saline achieves a pure separation of epithelium

from the underlying connective tissue.

[0037] After a pure epithelial flap, or pocket, has been produced by any suitable
delaminating technique, the stroma may then be shaped or ablated, or otherwise treated by a laser
(400), as shown in FIG. 4A. The epithelial flap is then replaced and the eye allowed to heal.
Alternatively, a sub-epithelial contact lens, perhaps a corrective lens, may be placed on the

cornea and the epithelial flap replaced onto the center surface of the lens. In some instances,
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added to the conposition prior to eye application. A

suitable diluent for cantharidin is acetone. A

suitable diluent for CEES is water or humdified air.

Typically, as with cantharidin and CEES, the conpounds

wor k by destroying the basal epithelial cells

t hensel ves, but do not harmthe epithelial cells that
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polyacrylic acid, polyacrylimide, carboxymethylcellulose, hyaluronic acid, and the like.

Mixtures of these lubricants may also be suitable.

[0040] Another treatment procedure involves cooling the eye, cornea, or epithelium, before,
during, or after the delaminating procedure, for example, by cooling the temperature of the
device during the delaminating procedure. Cooler temperatures limit the scope of potential

injury caused to the epithelium. Alternatively, cooling fluids may be added to the eye, comea, or



procedure. For exanple, an adhesion eye drop solution
may be adm nistered prior to, or immediately foll ow ng
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it is thought, that nter L
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0042] other treatnment includes reinstitutin

mhrar%qﬁen§m§tgyyd ankandages-olnsterb tlgd:@g«&gg contact lens %500) may be

constructed of a material made extra permeable to the flow of nutrients therethrough. For

example, certain mesh or screen-like materials may be useful. Similarly, reticulated polymeric

structures, perhaps of gels, may be used.

[0044] Another way in which the traditional bandage contact lenses may be modified is
shown in FIG. 5B. Shown there is a traditional bandage contact lens (504), covering the
epithelial layer (506). The bandage contact lens (504) has been modified to provide at least one
hole, slit, perforation, or opening therethrough. In this way, oxygen and nutrients may pass to

the epithelium.



hunor to the epithelial |ayer. Wthout a constant

supply of oxygen and nutrients, epithelial cells die.
w@e@sprwcedur e i nvol ves providing an active depot/usfo04/038186

agents to supply the epithédial |ayer with the needed

nouri shnment. The nourishing agents include a variety

of agents useful in nourishing the epithelium For

exanpl e, the nourishing agents nmay be sel ected from

vitamns, mnerals, water, salt, other nutrients, and

their m-xtures. [0043] As noted above, bandage contact
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have foundS it gesuable to increase the physical porosity of the polymer to increase its

functionality as a bandage lens. Formation of the lens using two-phase interpenetrating
networks, ablation with lasers or the like to produce pinholes for added porosity, and molding the
lens with small mandrels to produce pinhole porosity are all procedures suitable for producing

the added porosity.

[0047] In the event that the delamination or ablation procedures have interfered with the
signal transduction pathways among or between the various corneal cells, and therefore caused
epithelial flap cell death, application of suitable pharmacological agents is desired. That is, these

procedures could have altered a single molecule within the cornea, which in turn had the domino



el sewhere in this disclosure. Figure 5D shows, for
conpl eteness, a perspective view of the contact |ens
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use when used in conjunctidh with a procedure in which
an epithelial flap is lifted and a | aser based
procedure practiced in the denuded area before the
epithelial flap is replaced. In such a procedure, ny
bandage lens is placed over the replaced epithelium
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OB o s TR 5 S e BB A SR migaton an
rénktRISBng of the substrate onto which they are moving. Healing epithelial cells dissolve their
intercellular attachments (desmosomes) and produce actin filaments for locomotive capability.
In addition to migration, healing epithelial cells are resorbing/dissolving nonviable substratum
from viable substratum. As such, these cells are producing proteases (e.g., intersital collagenase,

plasminogen activator, and matrix metalloproteinases).

[0051] Another treatment method makes use of the differences in the homeostatic epithelial
cells and the healing epithelial cells. IHustrative uses are depicted in FIGS. 6A and 6B. Shown
in FIG. 6A, the peripheral epithelial cells (600, 602) are intact, and may likely be in a
homeostatic state. At least a portion of the intact epithelial cells may be moved to cover the

ablated area (604) to aid in the healing process. Similarly, as shown in FIG. 6B, at least a



procedures could have altered a single nolecule within

the cornea, which in turn had the dom nol0 effect of
w@e@doetony epithelial cell apoptosis. CorrectiPeT/0852004/038186

i mproper signaling betweenlithe cells may be

acconpl i shed by the admnistration of a

phar macol ogi cal agent that produces proper signaling.

[0048] Still another treatnment procedure includes the

i ntroduction of hapatocyte, or keratinocyte growth

factors during, after, or prior to the del am nating
p&h@ﬁ sﬂme éntadtiBRaéReNE @plﬂfeﬁMﬁcbllsf (@06, 308 sl kbl dingidtifiroduced

actor. are paracrlne row h factorsfproduced by

(ﬁ?bw% #5 laged sfremal prgadfl loRfaiaRs & apamesidiated fashign;

These grow h factors are secreted by keratocytes and
[dosgy T @@mlram sml’aq;eﬁ@aitivél giedsT ahaomasdalide®r buhioh riagBaving an

' h lial ce F le, .h
e PO BB BN BF S5 A QP PE P Lo e 1B shovs

c1ORi-§0Bdd & theBighreMAdelvic8 had Fighre 70 dHblvalh bdbss-RReH SAMd Bandle of the
growm h factor. may inhibit corneal epithelial cell

depigersbpwingipasifioning qireppbilew passrEcpYsANAAGUUMASFeRs lines.
i ncludes the concurrent stinulation of epithelial cell

[0059] | T @igdkd DA shostalbubtivd rin3h760) hia@ing & oRide!T202) airo@gei xbhlch a

differentiation. [0049]. Epithelial wound_ healin
comergrexPs teRR fFring apapit lrpaevee pig- ddsehaBnis oyPke h 4) supported by a

hiﬂﬂﬁh‘:ﬁ b@}'{hﬁhgﬁ Qﬁlcﬁ‘ Qb&lﬁﬁ |ah@{7acﬁﬁhlare a%@es&ﬁi |\ﬁa@uutﬂ eiabd sﬁ‘lgh as that seen
el’i al I's are functionally and phenotypi cal |

y
ﬁaeéig@ms at%mm@mvmw sirpilar 4@ pthers kpowie ithis e o€ surgery. This one may
bé Hpa[ﬂ?% 1%&% thalcoma%mﬁer@g Byt ngeﬂ@ned or “aplanarized” or
e at | he

Epi t s i'n honeost ferate at
ltb@s'ahe of éhel Slzeayé type that @redlt@ﬂ/@lzaét%exm@ion ef the frantiof the eye after the
LSRRI ARl AU RS0 st
clogdd| hehfaqxehangmfer ztrﬂ?wnmg tonlaottj ioaddison teeprovididg e stabla swiface upon which

the This |s non-proteolytic,
t%%‘ﬁry SSPﬂﬂf?gal d%]eﬁlaméai pgpc%drua%l des for a nmi ntenance
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p&RAdefgeN@E6), and returns through the other side of the yoke and is returned through the
handle (706). Figure 7C shows passageway (712} in handle (706) and return coolant passageway
(714). Figure 7B and 7C further show vacuum access passageway (716) that opens into the eye-
side portion of vacuum ring (700) through opening (718).

[0056] The coolant fluid passageway (710) around the vacuum ring opening (702) forms an
indirect heat exchanger and permits cooling, even chilling, of the region of the eye where the
epithelial layer is pushed about. In the case of an epithelial flap, the coolant is very near where

the epithelium is maintained before, during, and occasionally after the movement of the



pl asm nogen activator, and matrix netall oprotei nases).

[ 0051] Anot her treatnent nethod makes use of the
waledoseemnces in the honeostatic epithelial celPCT/aRIIN/038186

the healing epithelial celllg. Illustrative uses are

depicted in FIGS. 6A and 6B. Shown in FIG 6A, the

peri pheral epithelial cells (600, 602) are intact, and
‘may likely be in a honeostatic state. At |east a

portion of the intact epithelial cells may be noved to

cover the ablated area (604) to aid in the healing
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[OQ)Z&]O) ' F{grllre 9 shows a partial cross-sectional view of a vacuum ring or aplanation device
(736) having a vacuum ring (738) with a plenum region (740) and a vacuum access port (742)
allowing the vacuum to interact with the eye and hold the ring firmly to the front surface of an
eye. The central hole (744) that is positioned over the cornea during the de-epithelialization or
epithelium lifting procedure is seen as is the handle (746) having integral vacuum line (748)

passing therethrough.

[0061] This variation involves the presence of a spray nozzle (750) that atlows a mist or fine
spray to pass onto the surface of the eye and particularly onto the epithelium pre- or post-

separation. Fluid line (752) is shown passing the handle as well.



this variation, coolant flows through handl e (706)
into armof yoke (704) and into fluid passageways
W@ Zw8)p4®@nd returns through the other side of tPeT/Ys4064/038186
and is returned through thd3handle (706). Figure 7C
shows passageway (712) in handle (706) and return
cool ant passageway (714). Figure 7B and 7C further
show vacuum access passageway (716) that opens into
t he eyeside portion of vacuumring (700) through
opening (718). [0056] The coolant fluid passageway ( )
around the vacuumring opening (702) forns an indirect

De2] eXCHIRBURE vaatoRRf m'e&scuﬁm{nigram a;ﬁammmw. hét€in alRb include as
thereglonoftheeevvh eta‘,}ﬁ lHellal | ayer is
AAPSTRERENRBIREII™ SHUCH Enea &nily. ‘ég PHEPYEY flap, the
coolant is very near where the epitheliumis

(0@t ai md/am{?a l’slg),wndﬂ Figﬂf} .9 iavidves maﬁmmaidmof aﬁbrﬁfonﬁhéﬂ fluid
novenen el e 1 U e.cqrne sur

opfq the afeé ﬁ%ﬂ]ﬁ%&ﬁ 6{51 e I °?FHD%P glike such as
iPEHSInITh Figaﬂieq otah@dlsduts@d Mﬁwwfbahsdflﬂlﬁﬂ'iﬁddrl]@hlnk e cdgﬂant fluid
mai nt ai ne r.tojts re enegnt . 0 e e

T oL RTR Akl T GearaBle, bl By AR tesira i 8 plocedure
ARdIVddas afRciéritly tsxlitet draigReseiicejof S flalddy fot@bjectinablodiag tie

10 C. In sone instances, chilled fluid up to or 20 C

R‘f‘é‘i‘r’ P& used al t hough we have found best effects at a

nei ghbor hood of C. 1 [0058] Figures 8A and8B showa

joas4] at i Kipot 10 slews e otoswigctimifaeoslmgwavich(7a4)daving vargusly the typical
fluid.is 0

Bt g s 29 deRNFEMMAAE RGO S IPHE of before,
c(u?iﬁ@,)andaﬁerrﬂlegumdlsamhbvé a cross-section of the

supply handle (722) wth integral cool ant passageways.

1006519]  TiheGMERmBrineSPSV)Svith MBI Pt (58)dadli@Nb A Gaciidin source
openi ng (724) through which cool angﬁebmt" ers vacuum r| n

thiopgh t ewkf frraﬂarzumr) (76Q) 15 shoyRend pedergln
mﬁ?ﬁmmfi &ﬁ}aﬁtﬁﬂﬁ? llﬁd(om)(ﬂzaﬁh@a pietal @Jaﬁ.t iy l(nsh% &ﬂeﬁmg SHOVE e
on e Ssclera surt ac per. con ro (0]
SHBRE 160 Sl B EOTBT s oLt P Spariogy an apust T q%ﬂégmd passes
fiBjugh Sdonellineg(760) ahd @ﬂﬂhrmut f em;) ﬂ;ﬂ) iuﬁragmédmd gplthehum
acu mr|n agai nst ,th ace .0 e eye. u
B 0 e B At s DA e (1Y 21 itk Geigmo plitked to
Vicluir gieg) (Hﬁpbrt&mmﬂwﬂﬁed asweeded or desicaiciyahk dskx) (el coolant fluid
sy, saIJn Iut 0 durln the co of .t he
éfP g%}fgﬁi" %"T’ﬁ‘n?g i|5ee':r?)ﬂcoo an’?onfalnow ge%ﬁgﬁaﬁlﬂegﬂ"ﬁge

amtrofiedsbyrtheqeser. phase d

[0066]  Figure 11 shows a further variatian of cooling device (770) in which vacuum ring
(772), here shown in side cross-section with a polymeric skirt (774), includes a captured supply
of a heat storage material (776). In this variation, the heat storage material (776) is situated in a
ring about the comeal opening (778) and serves to provide cooling to the surface by direct heat
exchange. A desirable material for the heat storage material (776) is a material that undergoes a
phase change in the region below the temperature of the human body. Various eutectic salt
mixtures are known and may be specifically tailored for the service shown. In practice, these
devices would be cooled prior to use to change the heat storage material to a proper chilled salt
phase and, during the procedure, the salt mixture would change crystal phase or undergo a solid
to a liquid phase change.

RECTIFIED SHEET (RULE 91) ISA/EP



nature, maintaining air at least partially in such a

system Figure 8B shows the inward cool ant fl ow
wpagsagenay (728) and the exiting fluid passagpe®EyS2004/038186

(730). As will be appreciatiéd, it is unlikely that the

fluid floww Il be very high since the heat | oad on a

person's eyeball is not very high. [0060] Figure 9

shows a partial cross-sectional view of a vacuumring

or aplanation device (736) having a vacuumring (73S)

with a plenumregion (740) and a vacuum access port

[00672) @EduedN Nihotvh & SCRERAHN ks kettiBh,aCdevit fdt delathiR¥igg BREpithelial
hol d t he rlnﬂ@flrn1 to the front surface of an

layrefrone therexe- R eompbinationdgyee (780 aelndqs griaeuen Bng (89 with vacuum

p&@r/@ﬂ}’" S dfRGidh s H&naiRichiRed Al éﬁgﬁ%@ %alﬁ Rhik Q%u‘uﬁ'ﬂﬁng may be of
ting procedure is seen as i s an

thedvieribat pfgv&jﬁ aplanagien grproyides the qlg}ﬁyﬁg gagﬁerfge surface of the comnea for a
difRRneL r@g Qnglé Q)C)Cﬁé'lpl‘;ﬁgﬁ L ?%ﬂeg.glfng Bn 'a'%{ GiSchH&l gatrana?ters, the

prese a spray nozz hat a ms am
apfpirepsh opa lal)ant Gsyeetosmanboatiatheghsmeleas et plowt dnglealgpending upon the

p%@éc{ugeeﬁ{g?lg%@/ néﬁrg ls%hggatlﬁ? Iﬁé ﬁ% ls}ﬂg%a Bﬁ%’e \}&}%out the 1nc1us1(t)1hof any of the
ccb‘raeali hssuabelwwllsk th& Igozil@iﬁ 82h aldavibe. offn thlh &arwaalonahe bluat (thsecttbléDlade (786)

s 5 g\gllil (En Fﬁss thg oygrn at &%g) (}{SJI Ir'\]f%é\fqumhrg{gg(z %al Sd;]') zi?erl’l]t?le cglssector blade

. (185) inb}aﬁe §denl b thdiecttest exbidigSeber (V20) hating boddn Wowithrough it and
Fi qure .9 inval ves th roducti on of a non-confined

tth%V godmedhg ‘ﬁ%ﬁe%tﬂrrlflﬁ%‘& gé) the eye. It may be the case
that a damin the formof a ring or the |like such as

[G088s h omgu'ras 1BAgud é3R Gh@nal vatiation sfedtlhpinaor asagmbleg (794) in which
usef ul

V?.Cél&ﬁnd‘ﬁlg (g?%t) %2(!031% I o &%Lhilrn% g{jr%q%}e? B@ﬁ% é%ﬁ)a latgc; glllates {o produce a

pétkst (8ed) Rneafithe Bpitheliglde®s af 3h dyb (3023 aPihotadu FiguiedCl Td coolant
is.sufficiently short %&m? e presence of the fluidis

fipigin SishaPrARINeY Repte (O SRR AROVE(RROBE[SIER g @f the

excfafRPWiaflosy A6Wn fREAHRE Of a cooling device (754)
haV|ng variously the typlcal vacuun1r|ng functions and

ab l|t rovi de, co ant i tp the surfac )
["6‘25& he éeylo‘%%%e@é a Vali}ﬁiioﬂﬁ mé{ gvigs &ﬁf‘ d‘%al‘fglgﬁr‘@&‘a’d%?“ég (6806) and using
a Itﬂ%)/lﬁée\lé%@ac «{oaﬁﬁg’Sdledeaee Y28 WeRief ddvite( fovked byt \lalrésl'(@ 1 Oba&plﬂémde

port (758) .l eading to_a vacuum source through t
C%%W&meﬁWNHWWQfﬂ§G§6§¢Ff@?E@9 i s shown and has been

di scussed before. In this '
[0070] Although illustrative variations of the described methods have been set forth in detail

above, it will be evident to one skilled in the art that various changes and modifications may be
made without departing from the spirit of the invention, the scope of which, is set forth in the

following claims.



variation (754), a coolant fluid Iine (760) having a

di stal opening (762) opening above the opening (764)
W@b@sme490ne cornea is shown. In this variati on, PEnus2004/038186

amount of cool ant fluid pad8es through cool ant |ine

(760) and out through coolantp rt (762) onto the

cornea and epitheliumduring the relevant procedure. A

ring or damthat may be either permanently affixed to

vacuumring (756) or tenporarily affixed as needed or

desired by the user. The coolant fluid provided

t hrough opening (762) may be continuous or on an

as- needed basis often to 'be controlled by the user.

'80?6! Figgrs ﬁgiﬁi a further variation of cooling
2 eker Hh vacuumring (772), here shown in
i de,cr ection with a pol ric skirt (774),
Tncl (% egﬁ‘ﬁl %515?%‘?’%8‘1 gXchﬂWEBIng’E KERE °5t or age materi al
( 7763epatafing &1 pithielidl @bp 66m thdWefumdt storage materi al
(776) IS, situated i.n ng about the corneal opening
( 77834uxiRterng g2 ?CSV?JFWB‘% 2gFH 19 HPRG: FHLCLHRIL R by
gﬁ&gqhmmgqﬁaﬁ&qﬂ@mggnnﬁh&p5|rable material for the
heat storage material (776) is a mat eri al that
under goes a phase change in the region below the
benpehahbihea Qf cldifel QH&&H tﬁ&?@éﬁn%@ﬁgreﬂﬂ&m%ﬂs@sc& &SRt
m xtures are known and be specifically tailored
f opole¢ide.ser vi ce shown. In practice, these devices
woul d be cool ed prior to use to change the heat
3! Or @GemBMbE b @hint PwRerBih ARCIInESM hEIHc I slsclRhES oMk
during the procedure, the salt m xture woul d change
c rgFeuPongipfingcf Sibrangefiy feninindgraderin viraneefin. golipges e
q>é4m£QQ§Zke FLgusee 12 shows in schematic
cr S- sectlon JeV|ce for delamnating the
epithelial |a er fromthe eye. This conbi nati on device
¢-780Yhe methodekclam hwhergindhafieatmrmpygont 1518 1yRiicattm por t
(784), each of which has been di scussed above at

kengtrhe mé@ad Bf c14i SwHAEMURB 10bEni B Yel&RePlrorh AR gra@e
that provi des aplanation or_provides the ability t

- r siogEstingef pelyrarlic wid, pAlyacdimide crdroxgmefhylediulase,
ANRLAAGH: A bRd ke meRbE hel i um  Depending on a
variety of corneal paraneters t he approach of a bl unt
di ssect or be at a hj le or at a lqw. angle
Bepehbs wgth e‘befncl@lﬁbl b’P‘%fé’@ gmnéﬁ&ﬁéal.s amQgFighing agent.
separation of the epithelial |layer w thout the
i nclusion of any of the corneal tissue belowis the

@o al The methedofclaigng whereingha nougishing 3gnt ig seleqterbirem thet
&ﬁ%o‘ﬁ 1%c§§)a<§%1t££§1§)mfn§raﬁhmgr7g% H&}égmé%ﬁ %ﬁxthié@

nlng I'n vacuumri ng acent t
dltbge@& or bl ade

Y—t

8.  The method of claim 1 wherein the treatment agent is an IL-1 receptor

antagonist.

9.  The method of claim 1 wherein the treatment agent is FAS receptor

antagonist.

10. The method of claim 1 wherein the treatment agent is useful in promoting

proper signaling of corneal cells.



(786) may be seen a indirect heat exchange nenber
(790) having coolant flow through it and thereby
weombiomy7t he di ssector blade (786). [0068] Fi geeEESDHBH038186
and 13B show a variation ofléa del am nator assenbly
(794) in which vacuumring (796) is coupled with a
bl unt di ssector blade (798) that oscillates to produce
a pocket (800) beneath the epithelial |ayer of an eye
(802) as shown in Figure 13C. The coolant fluid in
such a variation may be introduced into or onto or
above the eye using any of the exchanger variations
0 j us bove. [0069] Figure 14 shows a variation
i?- ﬁ@h%wﬁie@mf%@al) t WhFPiR dhedTpamantipgent g SrauB facierd
using a thernoel ectric cooling device, e.g., a Peltier

devi ce, powered by mﬁres“églo) to provide cooling to
the Vhemethed oflaimhld velyeacinthegeovib &séad is febgird]fron thhough
|| et doidtis of RbtBl RS whf 2t kASHIA ve
bégﬂ%igtlfo?fh i% a%t%?I agové, It ﬁ???ﬂgﬂﬁggﬁﬁéﬁ?@to
orfeixBigs|thasepfi n t he art that various changes and
nodi fi cati ons nmay be nade w t hout departing fromthe

spirit of the invention, the scope of which, is set
1Dr t A mathadHer freating wh eye, cdnaprisingthe dtepSlokl M ASMY

I NVE X A.net had for treating an eye conprising
t he gs%!ér%!s}{i%@epétgegha?gﬂ? namatllhe eé’f)’iat“ﬁel ial flap fromthe

eye, cahdg the e iepitiedinmg ocdorreh f tefdre, \darihg, @ahfi|@ithe agent to
? cornea, epithelium or eye, before, during, or after
ﬂ@nﬂgyghination. 2. The method of claim1l wherein the
treat ment agent conprises an adhesion nol ecule. 3. The

thod of_ claim.?2 rei.n_the adhesion nolecule is
oo e e e o i ios e P Gitbeiog or
| agtidh, befdre, GBERE ok After \thd de@idBifdtion copided 86dlingupes |- X,
and m xtures thereof. 4. The nethod of claim 1l wherein

t rislapinating devicedgan etfpcdivy tanpspature dyringghe delamipgtiotod of
claim4 wherein the lubricant is selected fromthe

ou ;
?5. %he method of claim 13 wherein the step of cooling the eye, epithelium, or
' cornea, before, during, or after the delamination comprises introducing a cool
fluid to the eye, epithelium, or cornea, before, during, or after the

delamination.

16. A method for treating an eyé, comprising the steps of:
separating an epithelial flap from the eye, and
applying a nutrient permeable, bandage contact lens to a cornea having a

delaminated and replaced epithelium.

17.  The method of claim 16 wherein the bandage contact lens has at least one

opening therethrough.

18.  The method of claim 16 wherein the bandage contact lens is comprised of

a mesh or screen-like material.

19. A method for treating an eye, comprising the steps of:
separating an epithelial flap from the eye, and



consi sting of polyacrylic acid, polyacrylimde,

car boxynet hyl cel l ul ose, hyal uronic acid, and m xtures
wao b@seefo71 6. The met hod of claim 1 wherein thePCT/US2004/038186
- treatnent agent is a nouridhing agent. ?. The nethod
of claim®6 wherein the nourishing agent is selected
fromthe group consisting of vitamns, mnerals,
water, salt, nutrients, and m xtures thereof. 8. The
met hod of claim 1l wherein the treatnent agent is an
IL | receptor antagonist. 9. The nethod of claim1l
A B e R e or Oy
arafat thedelamigeton. i s useful in pronoting proper
signaling of corneal cells.16 . The nethod of claim1l

%er'ﬁ{e df Jfrc?{i‘rﬁqg@&he%ﬁ% ste o?prg @i’ﬂ%hﬂtﬁ@e‘éb%ehallz-

e net od of claimwherein the factor is_
sebmmnsqsmmmg gensepTatadrinpeiep hélr cefla fsx the grithelizlowt h
# _keratinocyte growth factors, and m xtures
the 13. A nethod for treating an eye, conprising
t he steps of : separating an epithelial flap fromthe
eye, and cooling the eye, epithelium or cornea,
before, during, or after the delam nation. 14. The
nmet hod of claim 13 wherein the step of cooling the
eye, epithelium or cornea, before, during, or after
t he del am nati on conprises cooling a del am nati.ng
device to an effective tenperature during the
del am nation. 15. The nethod of claimwherein the step
of cooling the eye, epithelium or cornea, before,
during, or after the del am nation conprises
introducing a cool fluid to the eye, epithelium or
cornea, before, during, or after the



del am nation. 16. A nethod for treating an eye,
conprising the steps of: separating an epithelial flap
wo c@sidoel eye, and applying a nutrient perneabP@&l/US2004/038186
bandage contact |lens to a d®rnea having a del am nated
and replaced epithelium 17. The nmethod of claim
wherei n the bandage contact |ens has at |east one
openi ng therethrough. .- The method of cladi mwherein

t he bandage contact lens is conprised of a nmesh or
screen-like material. 19. A nmethod for treating an
eye, conprising the steps of: separating an epithelial
flap fromthe eye, andl7 providing intact epithelial
2kl |édpbwff§ce<ﬂmgw&lea%|appmap Oh BV, SRERSISES: dur i ng, or

afteg véchﬁmqﬁﬂg%ﬁggﬁ Qﬁbmn%Q’or RS inElBad tPin &Jnﬁélmm tlhle vacuum ring

wherein the step of providing intact epithelial
C@tﬁayrqu:@ adhsrepithti 419 andledeenidenceess ththg epithebivmydien éhe vacuum ring is

eg% %dstottﬂe é}}gean%plthel ial flap area.18 2 . A device for
i) ng at” least a portion of an eye, conprising: a

vac uamindireny héwd exahgngen asparteyith dre vakuuowing canftgsssl t gool at least a
oBof B ARSI ik, G S NASHIN LG iqpfayc ed to adnere to

eeea oprov plthellumvvhen
the vacuum ring is engaged to the eye, and an indirect

t h i at i th i n .
2ot TR L ar T b Bdut it st ERHPET pielle tpyagpom ring
opditngracuumring i s engaged to the eye. 22. The device :

of claimwherein the indirect heat exchanger encircles
the vacuumring opening. 23. The device of claim

29her ehd\ddvitR of Biin 2€ whbreitth«EnEREN BN exdhaf@i id @Hfigded ©F cooling with

cooling with liquid cool ant.
liquid coolant.

24.  The device of claim 21 further comprising a source of cooling fluid.
25.  The device of claim 21 further comprising a source of chilled fluid.

26.  The device of claim 21 further comprising a source of cooling fluid having a temperature

between 0° and 10°C.

27.  The device of claim 21 wherein the indirect heat exchanger further comprises at least one

solid heat storage material.

28.  The device of claim 27 wherein the at least one solid heat storage material comprises a

eutectic salt mixture.

29.  The device of claim 21 wherein the indirect heat exchanger further comprises a

polymeric gel.

30.  The device of claim 29 wherein the polymeric gel comprises a block copolymer of
polyethyleneoxide and polypropyleneoxide.



24. The device of claim21 further conprising a source
of cooling fluid. 25. The device of claim 21 further
w@ovpni®rng a source of chilled fluid. 26. ThePdEUSME4/038186
of claimfurther conprising%a source of cooling fluid
having a tenperature between 0 and 10 C. 27. The
device of claimwherein the indirect heat exchanger
further conprises at |east one solid heat storage
material. 28. The device of claim 27 wherein the at
| east one solid heat storage material conprises a
eutectic salt mxture. 29. The device of claimwherein
he i ndirect heat exchanger further conprises a
3bol yneerice §¥I°9°1§’(§.at AY 2 @atfioR et gt eX% SR Eaher ei n t he
pol yiRddumGfilg Ha PP b gﬁe?m% 1B} AKitPROLY BN gfithelium the vacuum ring
pol yet hyl eneoxi de an ol ypropyl eneoxi de. 19 31. A
configuged 19 adhepsig|therye gnd foguavideadeesste the epithelinmenhsn the vacuum ring is
eﬁ‘%% {o%hdWse, #hdvacuum ring having an opening for
al F'owi ng dccess to an epithelium the vacuumring
conf & faneégogzly eetfigyred toprevide agaeling quid tepthe virfree atthe shen the
j ' n the vacuumring i s engaged to
V%%gkgggspgkgg%h#ﬁghlg'nozzle configured to provide a
cooling liquid to the surface of the when the vacuum
.devi.ce

3£.i n ng.lesdetevﬂcg %? Ice,lglaxltl %1 %vﬁee}ee¥1% liqsigd rﬁ(%rzlrz]% 5 o %reg f}ooé;r:ogiiger:n N cooling liquid

Wher ein nozzire is*co

sttapol fontle dyeguifebest ream t o t he eye surface. 33. The

device of claimwherein the Iiquid nozzle is

configured to provide a cooling liquid spray to the

3gye Thy deaire of Adim Thehdemitkeli@id Gdzalels Sohfigtield REFrovide a cooling liquid
conprj si ng % source of cooling liquid. 35. The device

SRERY 1 18 FHCIURGr t her conprising a source of cooling

liquid. 36. The device of claim33 further conprising

a source of coojinP liquid. 37. The device of claim

3¢-ur t R deyisgf plamp 3l Buthen fomppging p spurereh coakingimi- ng t he

vacuum

35.  The device of claim 32 further comprising a source of cooling liquid.

36.  The device of claim 33 further comprising a source of cooling liquid.

37.  The device of claim 31 further comprising a fluid barrier dam surrounding the vacuum

ring opening.

38.  The device of claim 32 further comprising a fluid barrier dam surrounding the vacuum

ring opening.

39.  The device of claim 33 further comprising a fluid barrier dam surrounding the vacuum

ring opening.
40.  The device of claim 34 wherein the cooling liquid comprises a saline solution.

41.  The device of claim 35 wherein the cooling liquid comprises a saline solution.



ring opening. 38. The device of claim32 further
conprising a fluid barrier dam surroundi ng the vacuum
wo povg/oggeeni ng. 39. The device of claim 33 furtPEr/US2004/038186
conprising a fluid barrier 28lam surroundi ng the vacuum
ri ng opening. 40. The device of claim 34 wherein the
cooling liquid conprises a saline solution. 41. The
devi ce of claim 35 wherein the cooling liquid
conprises a saline solution.20 42. The device of claim
36 wherein the cooling liquid conprises a saline
430! UThodeviod Bf cliine3ietdreia taf coolind Ry edrBrived HEaliné Elhtthn.
nozzle is affixed to the vacuumring. 44. A device for
cooling at |east a portion of an eye, conprising: a
43.aCUTHe dédvitg of aMinYl RheroiReHY fhid K771 lid Ak IRCHRLSurh Bing.
an epithelium the vacuumring configured to adhere to
the eye and to provide access to the epithelium when
44.ne X AGHUETdr cOGlink 3t RAG3P6Hioh 8F 1§ BnprRing! UNt
di ssector configured to separate at |east a-ﬁoytlon of _
an epracHemirae hpypgan epegingtipralloying agess to anowitheliynh ¢he vacuum ring
CPRARICLIERI G E tnd B8 8Rk dDRs R B o floRa Rl o ouum ring i
enrgaged taitha @4, wherei n t he bl unt dissector is configured
to ' { al 4 deyi ce.of.. cl ai
44 v BB bR BB 90 o BROR S E By BlaPleu Bom e
ey amfice an epithelial: pocket. 47. A device for

cool j ng.at.least a portd on.of an.e 0 I Si ng:

vac u%‘f’noq}rh% Beaﬁ 8}\(/0}11?111 egﬁonolﬁgﬁfl gogcqog P‘eiﬁn& aasff%{"é 81&5;‘§§ 0316“ least a
. patioepf thbieyd.um the vacuumring configured to adhere to

the eye and to provide access to the epithelium when

the vacuumring is engaged to the eye, and a

45.herTmeadeeiet bf Clai@Dp! Whgeitl @ Kient @RBdck @i Qfibire€ R rodiR an epithelial

vacuumring and to cool at |east a
flap.

46.  The device of claim 44 wherein the blunt dissector is configured to produce an epithelial:

pocket.

47. A device for cooling at least a portion of an eye, comprising:

a vacuum ring having an opening for allowing access to an epithelium, the vacuum ring
configured to adhere to the eye and to provide access to the epithelium when the vacuum ring is
engaged to the eye, and

a thermoelectric cooling device configured to cool the vacuum ring and to coot at least a

portion of the eye.

48.  Abandage contact lens comprising a polymeric, substantially round lens having a convex
front surface, a concave rear surface, the concave rear surface being configured to contact and to
substantially match the front surface of an eye, and having at least one opening with a continuous

edge between the front surface and the rear surface.

49.  The contact lens of claim 48 wherein the opening is substantially round.



portion of the eye. 48. A bandage contact |ens

conprising a polyneric, substantially round | ens
whaoosgpoal convex front surface, a concave rearPCIURZO€038186

the concave rear surface beéilng configured to contact

and to substantially match the front surface of an

eye, and having at | east one opening with a continuous

edge between the front surface and the rear surface.

49. The contact |ens of claim48 wherein the opening

is substantially round.21 50. The contact |ens of

5@ ai Thek®ntaheles of claive 48 pésiefiptht Speitlpsit aubisiaatidlly cegBied iedhe lens.

in the lens. . The contact |lens of claim49 wherein

the opening is substantially centered in the | ens. 52.
5The Tindoagtt k@& cBim 4 ihBlefBh¥bEnfigs Edbﬁtaﬁt’izﬂ? cBhtefel & the lens.

opening is nore than 10% of the area of th ront

surface of the lens were the lens not to have the

5RPeNTibonfdt ledd T cha@h h@%exleﬁﬂﬁe oka 6 @k g?éﬁé’?@ RloRd ﬂﬂaﬁ {1 of the area

area of the opening is nore than 20% t he area of
of the frpptewfacs pfthedensgrere e lons mst ipdiaee thhepanings not t o
have the opening. 54. The contact |ens of claim48
wherein the area of the opening is nore than 25% of
5%he Hreegniget lenseoficlaim t8 wherteidtbe arka pfibe bpamingie merd then 20% of the area
T tact | ens of
o Rl B R Mot i e o B &
30% of the area of the front surface of the lens were

he 0 The contac
sk PR AR e dR o DRG0 % ofe ol PR b B0 of the ares
oftbe ﬁrenttsyrfaﬁhf thEHensoroand the fenk @otsto avecth@bpandty. wher ei n t he

| ens conprises a nmesh or screenlike material. 58. The

contact lens of claim48 wherein the |lens conprises a

53.et | Thel coh@ack 1pgl of 0Rirh 68 ShéreinitHE &8a of the opening is more than 30% of the area

of the front surface of the lens were the lens not to have the opening.

+ 56.  The contact lens of claim 48 wherein the lens has substantial physical porosity.
57.  The contact lens of claim 48 wherein the lens comprises a mesh or screenlike material.

58.  The contact lens of claim 48 wherein the lens comprises a reticulated polymeric

structures.



