EPI THELI AL DELAM NATI NG DEVI CE FI ELD [ 0001] The
descri bed device is useful in the field of
wopbicvat4aoel ogy. The devi ces and net hods for usPag/uS200s/021347
i nvol ve separating or lifting corneal epitheliumfrom
the eye in a substantially continuous |layer to forma
flap or pocket. In particular, the devices generally
utilize a non-cutting, oscillating separator or
di ssector that is configured to separate the
epitheliumat naturally occurring cleavage surfaces in
the eye, particul@rhyshetWweavtheePidskett um and the
corneal stroma (Bowman's nenbrane), specifically
separating in the region of FXEleD| ami na | ucida, the
separator or dissector having a structure that

j . | . f i f i .
S A TR

|i ft gel ektlRAs kR disineankbRe sepdratg @fliftihe cayiealtepithelfum from
an epithelial flap or pocket. The %pitheliun1nay t hen

be r 815ieyednlacnbstandialy coritnuaps byertodam adlapws ppekséelur e

or o : after:nl . of t-hat

" ens Pifefs A Vior BBk BB RS Rl G cpb i fafilor o
r ef edBsdcdorahatds caifigidioGaparpte deeehithe Bumbha hatoldlygectinag
native optical or. focusing.p r.of the eye, These
changleavage|sgifpepsdn fh&éYﬁe@aﬂ?@mgP%{%@%%ﬁ’sreP%ﬂt%?nd the

| ens @&n%%ﬂasttroﬂﬁ_ (!B%Wn){dlﬁé"lﬁtemﬂ}agl_@z, sPAMBLANy SEpR&HAERERE &plon of
on for clear sight. The majority of thé focusing power

i n t He lmiven/ueide, ihs sehacatat etissgctohbadng g atruetareghatidseillates

air-ljquid interface,. ere,there i.s the greatest
changbiRhlen@er RudieSorHar wPedRe S5elS gfadhe teparated

i Nt ephRRiuhS mh}i Be BEEE br PaHIEPESEMAhe §iltface OF iR@ye Thorm an
refractive power of this interface accounts for

appr oRithditabflgp Fopecket. tThe epshelivomayithercks jepliced on He cornea
eye. Light -rays that, make t he i

Ehr ofOF 1 10 CET Rt e S B g D B R e har
crystahlai R8s befs ey@nd the vitreous hunor before they

are focused on the retina to forman inage. It

BACKGROUND

[0002] Refractive surgery refers to a set of surgical procedures that change the
native optical or focusing power of the eye. These changes alleviate the need
for glasses or contact lenses that an individual might otherwise be dependent
on for clear sight. The majority of the focusing power in the human eye is
dictated by the curvature of the air-liquid interface, where there is the greatest
change in the index of refraction. This curved interface is the outer surface of
the cornea. The refractive power of this interface accounts for approximately
70% of the total magnification of the eye. Light rays that make up the images
we see pass through the cornea, the anterior chamber, the crystalline lens, and
the vitreous humor before they are focused on the retina to form an image. It

is the magnifying power of this curved, air-corneal interface that provided the



is the magni fying power of this curved, air-corneal

interface that provided thefield of refractive surgery
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deficiencies. [0003] Initial refractive surgical

procedures corrected nearsi ghtedness by flattening of

the curvature of the cornea. The first largely

successful procedure was call ed radial keratotony

(RK). RK was widely used during the 1970's and early
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[0005] The epikeratophakia lens was placed into the eye surgically. An annular
360° incision was placed into the cornea after completely removing the
epithelium from where the epikeratophakic lens would sit. The perimeter of
this lens would be inserted into the annular incision and held in place by a
running suture. There were several problems with epikeratophakia: 1) the
lenses remained cloudy until host stromal fibroblasts colonized the lens, which
colonization possibly could take several months; 2) until migrating epithelium
could grow over the incision site onto the surface of the lens, the interrupted
epithelium was a nidus for infection; and 3) epithelium healing onto the
surgical site sometimes moved into the 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.
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oute rsufsﬁléirefn’?lg guccclégs\%gl' thg%/tﬁer:y %Qgean 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 PRK, 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, and this "recuperative time” can last from days to a week or
more.

[0010] A subsequent variation of PRK corneal laser ablation, LASIK, has become

very popular. The LASIK procedure, also known as laser in situ

keratomileusis, is synonymous in the public mind with laser vision correction.
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similar to LASIK. The ablative laser is focused just on the surface of the
denuded cornea (in the same manner as was done with PRK). However, this
epithelial flap is left intact, i.e., epithelium is not 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.

[0012] The corneal epithelium is a multilayered epithelial structure typically

about 50 um 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 layers is typically about 1 mil thick (0.001”). The basal cells

produce the same keratins that are produced in the integument, 1.e., skin. The
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bandage. However, this “bandage” fails to restore the epithelium to its

original state, i.e., it does not pfeserve the integrity of the epithelium, thereby
reducing its clarity, impermeability to water, and bartier function.
Furthermore, the ability of the epithelium to adhere to the corneal stromal
surface is impaired.

[0015] U.S. Patent Nos. 6,099,541 and 6,030,398 to Klopotek describe an
microkeratome apparatus and method for cutting a layer of corneal epithelium
to prepare the eye for LASIK or other reshaping procedures. The epithelium,
if replaced, is attached using surgical techniques.

[0016] None of the cited references shows or suggests my invention as described

herein.
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SUMMARY

[0024] The description includes mechanical non-cutting devices and methods to
form a separation of the epithelium from the eye or to lift a generally
continuous layer of epithelium from its supporting underlying structure. The
epithelial delaminator is used to create an epithelial flap or a pocket. The flap
or pocket may be used in conjunction with a refractive surgical procedure or

with placement of refractive lens.
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T%OWgﬁ'r%ﬁB is a partial side view of the FIG. 1A device.

[0029] Figure 1C is an axial, cross-sectional view of the FIG. 1A device.

[0030] Figures 2A, 2B, and 2C are partial top views of various oscillating tips.

[0031] Figures 3A, 3B, and 3C are partial side views of various oscillating tips.

[0032] Figures 4A and 4B show before and after top views of one way of forming
a delaminator tip.

[0033] Figure 5A is a partial, cutaway, perspective view of a hand-held version of
the mechanical epithelial delaminator separator system showing the overall
placement of its components and its operation.

[0034] Figure 5B shows a partial side-view of one way of connecting the blade to
the motor.

[0035] Figures 6A, 6B, and 6C show perspective views of orientation plates as
used in this system.

[0036] Figure 7A shows a partial top-view of a dissector delaminator having an

oscillating, rotating motion at the dissector tip.



[0027] Figure IAis a partial top view of an

oscillating tip useful in separating the corneal
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the FIG 1A device. [0029] Figure 1Cis an axial,

cross-sectional view of the FIG 1A device. [0030]

Fi gures 2A, 2B, and 2C are partial top views of

various oscillating tips. [0031] Figures 3A 3B, and

3C are partial side views of various oscillating tips.
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I s Kp@whthdSinterior surface of the eye by applylng 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”. The term “mechanical
force” as used herein refers to any physical force produced by a person,
instrument, or device. Examples of mechanical forces include suction,
shearing, and blunt forces. |

[0041] Mechanical forces are applied to epithelium such as corneal epithelium by
epithelial delaminators. As used herein, the term “epithelial delaminator™
refers to any instrument or device that separates epithelium from the basement
membrane by application of a mechanical force. Epithelium may also be
separated from or lifted from the anterior surface of the eye by contacting the
surface with a chemical composition that induces separation of the epithelium

from the underlying stroma.



vesi cul ation and separation greater than 1 mllineter

in dianeter, a true blister. [0040] A continuous | ayer
wohommonwsal epitheliumnmay be separated from oPCriuUS2®@e021347

fromthe anterior surface of the eye by applying

vari ous nechanical forces to this anterior surface, or

to the basal cell layer, or to the junction between

the basal cell |ayer and the Bowran nenbrane (the

“lam na lucida”). The term "continuous” as used herein

neans " Ltﬁlécmz&ﬁfglﬁieﬂ;i»auKQMécﬁamcamgﬁnaiaaajelinﬁnfaearsas
used herern refers to _any physica orce produce
Pdo%ﬂ In |arfT;st(rjwme.hm obﬁhlweeql@elcal@pathshvésie&ﬁnlﬁ@@hébﬁ cal
orc nclude suctio
[ Coads RPN bt Buef 3FE0 TR ERSGUYEloe] QP TR issconin

suc hFig%J £DANTghicaly tthiglbd) 1140y vépibehehilad tdeldsivenabor i such
As used herejn, the term' "epithelial delaninator”
r ef eravay ghatiiye blust WrrkdR) mevesié o FeRstitinatossiigiarymogion (104)

epi t hel E%ﬁkfséclg%ﬁt%pgorggeﬁég?ﬁ uﬁ?ﬁ&%ﬁ&%@éﬂ Bgltlsﬁﬁt\hﬁ{bm

of a"nec Ium may al so
sepatatiag tHat somsl tdssid. éalaf leastrohdreardatioardf dhie davideathe tipf (102)

the eye b tacti th f i h I
conpBES Brit i ORI dCRE iSeir BOTOR e ot HEABBFONE FSiFP
fromr,bge Hﬂﬂ%&rﬁb?ﬂ(l@b{%ﬁ?b%ﬂéétﬁt dugged)fn Mk bfcﬂltyr&" the end

Nbchanlca Epit ["am nat or $ first
var i 81020 ns ofry theibsttersehai Kighree @Btamél liGal Om@mthodeforoﬁormmg

t he del am nat tula-1ik
deIaﬁWﬁ&iﬂE%?§8?ng@B?aggﬁFgP%g%W |§p2|;u?e :A?
Tymbﬂ?ﬂl The odehiagory @Rdtidh kOH) dﬂtllld tiPel @%hﬂt@‘/hﬁ@)f@cﬁlead by moving

driver notor in Such a way that the blunt ti 102)

nov e she twogerme 686, t10§eof tb@s tqo»l (1000 bgcknend- fmth(af@h?w h&tarrows

el Y5 R0t U@ TS TrRRE ot BELPRRb Tkt Ppiship o ot

I'n atphhééa% cAQllke theadsbﬁlatcﬂja n@tioh fE04)eTihaeis td key: fa:rm (1060 2hould
novesS in at | east one of a _side-to-side t|o nd a

u pdaﬂ@@ pughed wista asm (19Rkis pallethpiis sEiongyan h% dbe
noae
PR g Ao g

for fi@paitdtDto the two arms from the distal ends of the arms (106, 108) by the
rotational member discussed below with respect to FIGS. 5A and 5B is much
more complex than is simply stated here and causes simultaneous multi-axis
motions at the tip, but is included in the motion description provided just
above.

[0044] The end or blunt tip (102) may be of the specific shape and bluntness
shown in FIGS. 1A, 1B, and 1C with good results, but the tip (102) may be of
other shapes, e.g., with a point or with a straight end or circular form, and
other levels of bluntness, e.g., with additional sharpness, e.g., approaching a
knife edge). Such choices are left to the designer at the time this teaching is
taken and applied to the design of a tool for accomplishment of a specific task
or procedure. For instance, the choice of a wide tool (100) with a blunt tip
might be the best choice for the creation of a large epithelial pocket and

installation of a large contact lens in that pocket.



such a cupped end will be discussed bel ow. [0043] The
oscillatory notion (104) of the tip (102) may be
wonrowwozms by nmoving the two arns (106, 108) of PCHAISL@621347

(100) back-and-forth as shown by arrows (110, 112).

The novenent of the two arns (106, 108) should be "out

of phase" to cause the oscillatory notion (104). That

is to say: arm (106) should be pushed while arm (108)

is pulled or is stationary and arm (108) should be

Emg fﬁﬁﬁg%&&réﬁ,%@éb s*h%w%tbin?fés% tiSshep@bh@Ahy and Figs.

e notions inparted to the two arnms fromthe
di st 3, hded 6 shbhw tay sherne®oyaredgys-by t he rot at i onal

di d bel Wi A
IO s dReBuR &St Hil e SRRERD (Lt leiay e B0 5°
CausgsaftdhkA @@Iﬁtﬁiﬂﬁqhtgb a4k Of BFitHetinm @tscirhel dri pevibuly

is includéd in the notion description proyided just, .
abovéisegseddpithelitve. divg langenargmmay ibg conpggredasmees gtle
specific sha and bl untness shown in FIGS. 1A |IB

and ﬁ@?%f?ﬂnﬁﬁ%ge?esults, but the tip (102) may be of

ot[h@es7] ShaRESB BoPs a t¥p VikweofPpaitatghd endddttip @48} thaf hy be used,
end or circular form and other |evels of bluntness,

e. g. foripstancadaithy maancaHaFIsHETYSt 8% approaching a

kni . - el By | @REeK a &b ma
tﬂg{)ﬁ]?fgg‘%% ggg%ﬁ%gﬁgﬁ ea!r?%%aﬁagppl ?ég@?o t he P y
desi gauafuldn iidhllf vaveasiog aphighbnemthebimar spmsianpes wheska tip
or proﬂcledure. For_ i nst nce, t he choice of a w de tool

( 108} \Er‘fffﬁera{”mr%ltsn?‘?% m ght be the best choice for

t E[@o@l] efﬁgiu‘a%%ho%vsl aasﬁ&evi@wic;flaezitﬂ (labomk@g a @8l bulb (152). In
I NS

tal'lation of a | arge contac ens in that

pockeddifio0utipiti gepessiopaf tiespithalkim drosh B coxpapstena the tip

tip shape variations and Fi.gs.: 3A : show tip

shar P 2’§ L\?%\({ Paf?ﬁpa’?@?g %8&18% %&ll pgdl?}igtgng@ E%%?pa t op

Vi ewcgﬁteﬁp{)ﬁﬁ&ﬂlghjﬂ@rﬁlé&m that may be used, for

i nstance, when separating | arge areas of epitheliu cilr
Gfhar

s cla0PdFignreHBestionisd spdeiviswad dine@d P Hhia iind COrRRATRIAYS
area_ may be considered as nore gentle in many
ci rc@®st ances.

[0051] Figure 3C shows a side view of a tip (156) having a blunt but

asymmetrical tip.

[0052] The delaminating dissector tips discussed above may be formed in a
variety of ways, but a desirable way is by simply forming a “pre-form” or
“pre-tip” and then bending the tip into the final desired shape. For instance,
the tip shown in FIG. 1A may be formed from a “pre-tip” (160) as found in
FIG. 4A by moving the arms (106, 108) toward each other, e,g,. by bending
into the form (162) shown in Fig. 4B. Since the tip is made from a springy
material such as a stainless steel or a super-elastic alloy such as “nitinol,” the
cupping mentioned above is inherently formed.

[0053] The oscillatory motion mentioned above with respect to FIGS. 1A-1C may
be provided a driver such as shown (in a summary or schematic fashion) in

FIGS. 5A and 5B. These devices likely will be used in manual surgery and

10



[0047] Figure 2B shows a top view of a straight ended

tip (142) that may be used, for instance, in the
wonsicat®s di scussed just above. [0048] Figure BCrAiSoms/021347

a top view of an arrowshaped tip (144). Such a tip

may be useful in initially traversing a tougher

epitheliumor in instances where a tip with greater

control is needed. [0049] Figure 3A shows a side view

of atip ( 150) having a distal bulb ( 152). In

addi JthéaluE&w Rt b@dn HERANEI Wi Ffantilke TBRIVaR&ldrueh the affver
the corneal stroma, the tip may be used in expandin

an egssdrhigl i(200) phekein BiGe\i mw:sbglhmdl%cblﬁttb@rﬁéh@ﬂ@é%? pel.

( 3T s hem b D PRI Thfgb 8o bl By e ey

3C shausc tokdrd204)l aWe @btady fbfdr (&) rdﬂ:@ﬁﬂl@@eﬁbbﬂ sdh dsut arm
asynmetrical tip 0052] The del ani nati ng dj sse

t] psordh@«s o%,(?éé@tt@p@@ t0 thayprpseEpems (243 250 Wﬁh@e‘ﬂ@x ??a?z As the
YS
o eop Rl AR shARLE stk b (k) SR OOIIOR, e,
t he dtiaomdd @kﬁﬁée"gﬁﬁn&ma@& 215pfomowsm anicee alldn\eed nopomtmfwly
in FIG 1A my be forned f ‘pre-t 16
f ourith #eSpEeIo B TBVU%@FHQZQQ% o g Ve dge af%fbéﬁg)“t S
eac 22 ﬂ)t) Iﬁ%ﬁta@ s ecﬁ% ol?i%ﬁﬁhﬂlg td ﬂ%‘arﬁfgﬁasfs&ﬁﬁl‘y(al @23ho¥ OVi:

I's nade romasprlny
mat eaimaskegmts (268,216} mm rtlassgh; treetfierdation Batg éEl |agd t4rminate

s B BRCE1 SMiraaiatppeb R HEE R ISR g
ment {2?@ SHhoFDOME )b bifin kEARERS (208, 2105%n a L&oﬂdf-ﬁaf&l}faﬂﬁon and

provided a driver such as shown (in a summary or
schecmtséscthe dei o rp}xase nﬂﬂ@ or5porrRdN g Brequse siotigapicibg arm

e b SRR, LS eI B s

wills$ e vari ation of
the ?I(p\iﬁrve anee QMMeﬁl%%)ﬁoﬁhﬂd\ﬁlowﬁblEh@(zﬂ))nm When attached
handl ed in the fashion of a scalp [ 0054] Driver

ass etrbihg r¢tatny membpr 6296250%15%310@%?1?’% 5’&5 to i’é‘f} a Fpiatignal

a rot hbi¥n such that the movable arm segments (208, 210) are moved, but are not
simultaneously moved in the same relative direction with respect to each
other, at the same time, the movable arm segments (208, 210) cooperate and
cause at least one of a side-to-side motion and an up-and-down motion at the
movable tip (220).

[0055] The orientation plate (214) provides a relatively constant form and
physical location to the tip (220). .

[0056] As shown in FIGS. 6A, 6B, and 6C, the slots in the orientation plates may
be of a number of configurations. FIG. 6A shows a configuration plate (230)
having canted slots (232). FIG. 6B shows a configuration plate (240) having
parallel, spaced-apart slots (234). FIG. 6C shows a configuration plate (250)
having parallel, close slots (252).

[0057] The described mechanical epithelial delaminators may also be considered
to be blunt dissectors. Blunt dissectors have non-cutting surfaces that are

appropriate for placement between the epithelium and the collagenous stromal
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el ectric notor (204). The rotary notor turns a

rotati ng nenber, such as a armor disk, (206) attached
woaodshe7sms m segrment s (208, 210) of the tip (21PYT/UA005/021347

the notor (204) and rotating nenber (e.g., armor

di sk) (206) rotates, the attached arm segnents (208,

210) follow it but are allowed to rotate freely with

respect to the rotating arm (206). In this way, the

arm segnents (208, 210) maintain a specific

ori efdsat.i A8 uk&d hhEindiht Ve tn ‘@SEUING  adeans WaotiR. bldheisaedror
segments (208, 210) pass through an orientation plate

ﬁ14<}oea met hasierthe abilitysio ingiee nfqthe stroma of e qosreariiish uged
t he ar
t he Y%)\[b ngpﬁ%lgzl%fﬁe %Ollil% 6@4? %?5_%1;113{ %1@%0@%%%%&%2@2 thg‘éﬁﬁ‘f‘ehum

fashirom tBosireasSiegert bEthe coitneain tisdasd] numibrare zme at the

“non-si mul t aneous” notion for. the m s nt
ment RSWEHPeipbkweaksgiattaghment s, th Fil?éﬂ ]j}er?P'sePafa"ed

seg g%%]{h% 1{1&0%55 g;;péoﬁlgb?ﬁ’ SudiaShiAl arSRRs eI §F 1 iRSue, or

when attached to the rotating
rrerrbﬁfr pliZd6es @fothsen*tdmusm chbles het comtrds atomosa/haman insubstantial -
rotational notio uch t he noyabl. e arm

(2083m308 )0 IS TR A Y i e HSP oS R RAHESASTy HBya eves
int ﬁos%arﬁ@ 1, @&r&ﬂ’a@ts‘ﬁu@%&iﬂ_]% di“t& HlsE&%PerPﬁe do0sepaGied

ot her, &t th& same he novabl e arm segnents

( 208¢p1ﬂib(]1)1rrx:Mp an‘a@celtalm GIOH@gﬁsneTsale llasdype Hhes afay e found in
si de- to Si d? .notion and an up-and-down notion at the
movafieSterB! {55365 [0055] The orientation plate (214)

Pr{Oys g Shade ol thitelelantiamst &p mhes ModntindhytbiseRbcription may
| ocation to the tip (220). [0056] As shown in FIGS.

6A, bBmadnaf emingyhuatetials.gsidiscussed aboenbaingp tlgegssimilar

may af, .a; nu f t
ooy R eI oS00 0L 3. 0tpe £ G 5.0 0005
FI G 1680550shia ofenbb@urat idno pleaimds (R4 tolta®i3Ty A thickness

paral |l el , spaced- aﬁart slots (234). FIG 6C shows a .,
conf mg&rﬁa@ mels ipespedento50) having parallel, close slots

82[1%6;):9] J\& séh S A0 S%ﬁ(é hg%qs g@‘ggb?lg/ &ﬁ@é toedﬂls§e@162l Libktantially

ammna e con
intact sheet of the epithelium, i.e., the portion of the epithelium that passes to

the anterior side of the dissector is continuous, the device may be used in less
elegant ways. For instance, the dissector may be used to remove selected
portions of that membrane. Indeed, when this device is used in conjunction
with a LASEK procedure, the epithelium may be removed in the form of a
soft flap allowing for ease of replacement or re-positioning once any corneal
laser remodeling is completed. This dissector may be used to form an
epithelial pocket.

[0060] In some instances it may be desirable to also apply heat to the anterior
surface of the eye to enhance the mechanical epithelial delamination.

[0061] Additional variations of the dissector device and of the motions at their
distal tip are shown in Figures 7A, 8, 9, and 10.

[0062] Figure 7A shows a simple blunt tip (270) on a dissector (272). Again, the
tip (270) is not sufficiently sharp to cut into the cornea. This particular
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to be blunt dissectors. Blunt dissectors have
non-cutting surfaces that are appropriate for
wohem@oeng bet ween the epitheliumand the col | aRgesu®s5/021347
stromal ti ssue. As used herein, the term"non-cutting”
means that the blunt dissector does not have the
ability to incise into the stroma of the cornea when
used with normal force. | believe that my bl unt
di ssectors separate the epitheliumfromthe stroma

| ayef,5ia@dn IBRIAESH BERe oF bRk A7) ik oy Anelf bonval t he
natural point of weakest attachnent, i.e., the |am pa

| ucildegitfibmally Gasmprbeasen ie Biguwe ! OLan sinseis-side (2 shaw 1
iy b;\"tdglgrtg ISZTT]?EB%KE% ngoﬁgﬁsna Wssthé 8{5?40‘[31" RS fed Yerd B rbe

pur oes no ontal n any nor

t han,sga fdr%@&%%ﬁda@'ouﬁ?ﬂﬁﬁbul@ﬁnd sienpid dsmﬂﬁhaltdekﬁmlaatlon
when the procedure is practiced on "nornal" eyes

(thqgeﬁﬁavwng no artifacts due to injury or to

(ﬁﬁgg f#uf%zg ﬁg‘gg' Sg@% gltu%f ?Fﬁla h@ﬂdligﬂngc%ﬁ%e&% (ﬁQPkﬁh RBts

as na ound i n the
st r oymphbllyibhsi eip. (2700 IBInal bl abﬁrmmmit thedistad @bﬁmmmétdmsectm

tips made according to this i ption may be na

Spr T @0y eree ity B SEaD Blve o) He wpon e

th| C to the thickness of the basal cell
e@ggﬁeﬁl‘tﬂ%ﬂ{n /2 nil to 3.5 mls. (0.0005 to

o [m Pigurb@tshows dre dgsector Hlade R7R) h@vlsg botﬂmal agniep obrptation
to O,

At hi S near, 2.
[ OOS@]C%QN‘%%W&W}“%%g%ﬁ‘éf?%cd@?tgs ﬂj(é)irrg)][ait “nol rra ﬁ%bgﬁ{s&eémtn 0
di SS%@% ) &sS HRSUABY Bl Hdd-Ptadd (280etprovide Aeomplex, rotating,
epithelium i.e., the portion of the epitheliumthat

pass&&nsﬂamnghmme@t P&? atdheldistd tibhe di ssector is

B L

r enoyghisa 8 tresh Pidské-e1ds vathothiakludipingriengitudtied thotion.
when this device is used in congunctlon wWih a LA&E
prlBeea drivallys, Higuepi § HearwLmiliswyios &lads b (e day PRGN SdH m

of a3 | £ntOThis all
re- p8§o@mgﬁTﬁ§m§hg§@§%§l%@?%eaﬁ%ﬁﬁéué gﬁgggﬁﬁﬁg TRl
conphetigdof thobrddiER3es moverbythbédedweside andf (shightlym along the

epit Ii]oenlglltgclimglo;xlis of the blade (272).

[0067] The epithelial delaminating methods herein described may also be used in
conjunction with corneal reshaping procedures or procedures that involve
placement of ocular lens devices on the surface of the eye. Specifically, the
disclosed procedure may be used to prepare an epithelial pocket or a flap,
often with an attached hinge. A suitable ocular lens may then be placed on the
stromal surface and the epithelial flap replaced over the lens. One such
suitable ocular lens device to be used with the present invention is described
in Application No. PCT/US01/22633 which is herein incorporated by
reference in its entirety.

[0068] Similarly, a corneal reshaping procedure may be performed and the

corneal flap replaced.
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[0060] In sonme instances it nmay be desirable to al so
apply heat to the anterior surface of the eye to
wenhwozs he mechani cal epithelial del am nati oRCT[USRBE)21347
Addi tional variations of the dissector device and of
the notions at their distal tip are shown in Figures
7A, 8, 9, and 10. [0062] Figure 7A shows a sinple
blunt tip (270) on a dissector (272). Again, the tip
(270) is not sufficiently sharp to cut into the
c 18] ' E ip@defibsifacihy desndog entved] f
r@?ggﬁgﬁaﬁggﬁgééﬁ% H%%g&?tgeﬁ# be nnvgd,lon itudLna{Iy
(as cemain loé thedenefits pitiputas ta e specifi¢ Yalalong Pg@ls( epithelial

sho in Fiqure. 8). This vari. ..ot | e
di s @Pﬁ?atﬂjgé{?ﬂcﬁe}bavﬁ@re%n g%scggé&/usg& 5 g%%hgqgg?%éé%;&o?@ _
var iiQushi¥n Shddld 61, howebr Shepkén Sliriiak it scdpé afifhnatveption
procedures. [0063] Figure 7B shows a side view of the
del amemawiahg di ssector (272) with its suitably blunt
tip (270). It may be observed that the distal portion
of dissector (272) includes a fairly gentle curve
(276) to allow its easy use upon the cornea
epithelium [0064] Figure 8 shows the dissector blade
(272) having both a center of rotation (278) about

whi ch the bl ade oscillates and rotates. The center of
rotation (278) also translates from side-to-side (280)
to provide a conplex, rotating, translating novenent
282 at the distal tip. [0065] Figure 9 depicts a

di ssector blade (272) that sinply oscillates in a

I i near fashion 284 from side-to-side w thout including
any | ongitudi nal notion. [0066] Finally, Figure 10
shows a di ssector blade (272) having an axis of
oscillatory rotation 286 that is noved in a figure

ei ght nmovenent. This allows the tip of the blade (270)
to nove both side-to-side and (slightly) along the

| ongi tudi nal axis of the blade (272). [0067] The
epithelial delam nating nethods herein described nay
al so be used in conjunction with corneal reshaping
procedures or procedures that involve
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pl acenent of ocul ar | ens devices on the surface of the
eye. Specifically, the disclosed procedure nay be used
woaogrep@ms e an epithelial pocket or a flap, ofPemusedioko021347

an attached hinge. A suitable ocular Iens may then be

pl aced on the stromal surface and the epithelial flap

repl aced over the I ens. One such suitable ocular |ens
device to be used with the present invention is

described in Application No. PCT/USQA /22633 which is

‘heEgi ATV APVBRIRVENTIONef erence in its entirety.
[%O‘G%]LSWW‘V_aT‘y, a corneal reshaping procedure may be

performed and the corneal flap replaced.9] The

structure and, physi ol oqi roperiie ' [

as wel ;H as ge‘?eg’éleﬁlmb?epg ]ﬁlgm gﬂigl?elh?%n %gfrn%i[ﬂ ce% g?ﬂ}ﬁg Iatcggﬁa
SReGichitBelMas bt & oemAfthd Msce@inihaiigdn aellating apithegial
devi ce, have been described. This manner o deShCIili bi ng
¢ HelaiminasTembasIeoni el {0 AnRye WSEhaTeal fofge fengath that
lind.ting t - i ' LA Alrdna,
APHTRVRNPERE e igltn (NI SEpLiy AL e o S
f sRMsephraye eficheling teipsubs@nialishirepoft Gulaigemilzprll and
stroma, the device conprising an oscillating

epiotlagin Bypeddh ani nat or nember configured to apply a
mechani cal force beneath that epitheliumto separate

the epitheliumfromthe stroma wi thout cutting that
st r oma 2. sai dhselpvicavfdampil twhsiréintheescillgtisgpeithehiel al | v

free of Coll agen Type | an |l agen. T

165 R RPSE ComRBFL: FPLNE RS 2T FIlAg L Bl Ry b rmed
d‘?%t@@fﬂﬁh%viﬁ&%ﬁaﬂ%ﬂl@ﬁvlses a spatul a-like or
substantially flat nmenber forned into a form having a
small hollow. 3. The device of claim1l wherein the
oscillating i {helial l,am i.$€S a
moval ot 1 TRANGER gl AT Ak e SRR COMRILD
UREBRAnSeMeA%ES S eDY alvabRtipshavivat 3 sidenf-side rdd asdan

t hat when the arns are noved, but_not si{{ult neousl
mowedhd- dpwihaxis arbmerable pes Bk senfigpedio PRV ¢ arms are

moved, but not simultaneously moved in the same relative direction at the same

time, the arms cooperate to cause at least a side-to-side motion in the movable tip.

4. The device of claim 3 wherein the movable arms are configured so
that when the arms are moved, but not simultaneously moved in the same relative
direction at the same time, the arms cooperate further to cause at least an up-and-

down motion in the movable tip.

5. The device of claim 3 wherein the movable arms are distally
moved in a rotational motion such that when the arms are moved, but not
simultaneously moved in the same relative direction at the same time, the arms
cooperate and cause at least one of a side-to-side motion and an up-and-down

motion at the movable tip.
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time, the arnms cooperate to cause at |east a
side-to-side notion in the novable tip. 4. The device
wohowlar4s 3 wherein the novabl e arns are confi garA82®6/021347
that when the arns are noved, but not sinultaneously
noved in the sanme relative direction at the sane tine,
the arns cooperate further to cause at |east an
up- anddown notion in the novable tip. 5. The device of
claim 3 wherein the novable arns are distally noved in
a rotai onaf, Bt QL eUsh 3 Whkreiwhie nidveblararms hae distaeehds
but not sinultaneously noved in the sane relative
diemets from the molvebls émet)flp idgice fipthen FORPIEEBH A FARnGFgmber

cause at l.east pne .of b de-t Q- si i
CBERa M AR RO BBy AR 3 PRI LA 0t g
ClvBEMh3 ROk buhsothnalkineodsiyrmolvad i tHe sama¢ redatie direction

renote fromthe novable tip, the device further .
corihe samaidma, the eems eREPREHHEI C@Hﬁ&?‘ﬁ@as{ e %‘{ %%“i?‘toéﬂé%

?%gﬁge @%%?ﬁégnghg§n%%gﬁg%gﬂ%Iﬁg@gﬁig§al mot i on such

are nove but not si t aneousl y noved
in the sane relative direction at the sanme tinme, the
arnms cooperate and ggase | east one of a. tation late
si de-t 8- si dd DAHEYIENOLHY Y 15 FOMRBUAS A PTgH2Ue™ AL
nHX\ﬁHé SpdiliRes throliBf v tBE nRfvable@kms gadsur t her
conpr sPng Bn"orrentation pl at e havi ng openi ngs
t hrough which the novabl e arns pass. 8. The device of

claiml wherein the cillatin i thel I i nat or
nenber conpgﬁ§5§vﬁeﬂ€®§w? V#Fgg%§§Vﬁ8ﬁ%h§é8@¥#%gLide
LS Ao eMBerAdbch R Rivsblatig hiasing anidegtorside 4xds amlan
in at |east one of a side-to-side nption and &E :
uppand ddewaxisonidgm cordigurasodeaneds ableagt|one B 2 siisdpsids
the oscil.l ating .epithel . del am nator conprises a
mRPEP AN a8 R dﬁPVgngkﬂeJto-side axis and a

back-andforth |longitudinal axis and is configured to

nmove in at | east one of a _side-to-side notio nd a
back- afd- f orkhe deice of clpim L THeereiahceschlatipg SP’?rlile?laP

V\A'c]i%fa%iﬂrqat%p gorgﬁr%.els Lt%ci\ﬂgleetff)i ﬂa@ﬁlg’ Adide-to-side axis and a back-and-
forth longitudinal axis and is configured to move in at least one of a side-to-side

motion and a back-and-forth motion

10.  The device of claim 1 wherein the oscillating epithelial
delaminator member is configured to separate the epithelium in at least one

continuous portion.

11.  The device of claim 1 wherein the oscillating epithelial

delaminator member is configured to separate the epithelium and form an

epithelial pocket.

12.  The device of claim 1 wherein the oscillating epithelial
delaminator member is configured to separate the epithelium and form an

epithelial flap.
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del am nator nenber is configured to separate the

epitheliumin at |east one continuous portion. 11. The
wdevictne7408 cl ai m 1 wherein the oscillating epi POeitis2a005/021347

del am nator nenber is configured to separate the

epitheliumand forman epithelial pocket. 12. The

device of claim1l wherein the oscillating epithelial

del am nator nenber is configured to separate the

epitheliumand forman epithelial flap.13. A nethod

for lifting epitheliumfroman eye having a cornea

with an epitheliumand stroma, conprising the steps

of : pl a]o% ng Arnghed fsliftae "(Péqhélr’i‘iuﬁ A5 apBYRolegving a ‘é‘?We%Wlth
Cl @ dBndrichdt JEOEARA dlifprSRlsHEkbtRe and moving the

eplt am nat or er to apply a nechanica
for c e b eneat platihg ae ppltﬁaadala] defaminttor anehdrec of snyf 61 caierst]-12

t rate ep eliumin a continuous |ayer from
6%%@%&FF%EHaW£ cut the stroma. 14. The net hod
Of C' a' m 13 Waehe tﬁ@@pﬁesﬁ Rfan@RRbYRhbar m&)@gﬂa fRbhanical

force conprises & step of formng an epithelTal
pookeetbendBh ththepithelito dvithfa toired swifldenttie separite thet eppthelium in a

F O R ot bl eateorR 4 a0 8% NuPBu ot ol ai m 12

where the step of applying a nechanical force
conprises a step of eehnqthe epithelial flap t
expose the sThbeﬁthOin chibe mmth@ﬁte@l@anplyslgmwﬁ@mcal

vl PRRist Ein RERyRCl SR ARY DLCTe The” O

surgical step conprises reshaping the stroma. 19. The
nmet hod of claim 18 further conprisi ng the step of
repl aci }@ t heh qmggloéﬁ)f el d 8 vehsie the step of applying a mechanical

force comprises a step of forming an epithelial flap.

16.  The method of claim 13 where the step of applying a mechanical

force comprises a step of peeling the epithelial flap to expose the stroma.

17. The method of claim 13 further comprising the step of performing

a surgical step on the stroma.

18. The method of claim 17 where the surgical step comprises

reshaping the stroma.

19.  The method of claim 18 further comprising the step of replacing

the flap on the stroma.

20. The method of claim 17 further comprising the step of placing an

ocular lens on the stroma.
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20. The nethod of claim 17 further conprising the step

of placing an ocular lens on the stroma.21. The net hod
wofhowlar4s 20 further conprising the step of repCamiSngs/021347

the flap on the stroma. 22. The nethod of claim13

where the step of applying a nechanical force

conprises a step of formng an epithelial pocket or

flap. 23. The method of claim 22 further conprising

the step of placing an ocular lens on the stromm

beneat i t he BRILHEL §MBlaiRf20 Auiiet bslprdiing fHersepnd replacing

attached epitheliumflap or pocket on an eye having a

ctherflaa oni thtrstaomapi t hel i um and stroma, conprising the

steps of: placing an epithelial delam nator nenber

beneath the epitheliumand noving the epithelia

del am pat or TRE FReKodldT caidpl 1B vahdre eleastdcall apbbinga ekt dal

the epitheliumwith a force sufficient tgQ forma

stqrer careprisspiatsteplafaforminganepitheliad prelisb PT BRPf | ap, or

epithelial pocket attached with epithelial tissue to

the stroma, but not to cut the stroma. 25. The net hod

of cl app) 24 Twb esethddne iR 2ofurthppdopipripire thre steamif phicing an

force conprises a step of formng a separated

epPulpienapn thestigma bepcathfe SREPHEAN of cl ai m 24 where

the step of applying a nechanical force conprises a

step of formng an epithelial flap. 27. The method of

cl ai m 24. wher e t henstheg fof foapplgyanmjtaghadesptithpiieaiflap oF pecket

conprises a step of formn n epithelial pocket. :
TRE ey R o BE AcbmeR AFERBar e Ag &8t ngjaglysﬁlr%gth%ﬁeps of
mechani cal {66 SOPRLESFeAnihar MEmbeEbdneahttheepithelium
epithelial flap to expose the stroma.29. The net hod of
claaiim 24 further conprising the step of perfornming a

surgical step on the rLona. . 3 T i Thical
29 where t hég%‘ﬂp%%hc?aelpﬁ]t@?lg‘ga%:%%lg%t%ﬁge%%ﬁg%P ﬂg atcljﬁgdh ed
Steh @B Beneath the epithelium with a force sufficient to form a separated epithelial

tissue, an epithelial flap, or epithelial pocket attached with epithelial tissue to the

stroma, but not to cut the stroma.

25. The method of claim 24 where the step of applying a mechanical

force comprises a step of forming a separated epithelial tissue.

26. The method of claim 24 where the step of applying a mechanical

force comprises a step of forming an epithelial flap.

27. The method of claim 24 where the step of applying a mechanical

force comprises a step of forming an epithelial pocket.

28. The method of claim 24 where the step of applying a mechanical

force comprises a step of peeling the epithelial flap to expose the stroma.
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31. The nethod of claim 30 further conprising the step
of replacing an epithelial flap on the stroma. 32. The
worbttsmd7408 cl ai m 31 further conprising the stepCofUsS2005/021347
pl acing an ocular lens on the stroma. 33. The net hod
of claim32 further conprising the step of repl acing
an epithelial flap on the stroma. 34. The nethod of
claim25 where the step of applying a nechanical force
conprises a step of form ng an epithelial pocket or
fllap. 3% Thepdplhed o?tiath 3k Tudterfcuidplieh s 4RORED 8T fi¥forming
the step of placing an ocular |lens on the stroma
bemaugicak fiep epihesgbmam 36. The structure fornmed by
any of the nethods of clainms 13-35. 37. A nethod for
changi ng the vision of an eye having an anterior
cor neal 3@ ur f agR ndHoRHf @Rt TEWhétk thd SHbRall BEfomprites
met hod conprising the step of: placing a oscillating
epicslidingihe g6Pp@ad nat or nenber of any of clainms 1-12
beneath the epithelial tissue |ayer, separating from
the anterior corneal surface, a substantially
conti nudlus ePhé¢ hethodloflchyraBoaxhdiGomppisinkitbeistep oNeplaethg an
to the corneal surface,introducing an inplant onto the
cofhibslialfiaren e sémrace, and pl acing the attached
epithelial tissue onto the inplant. 38. The nethod of
claim 37 where the step of introducing an inplant onto
t he corB2al 7aht erilod feldadeé foshgrdosmsisingtthestag bfiplacing an
ocul ar .device conprising a synthetic polymer onto the
un@tardes e HgEPior surface. 39. The method of
claim 37 wherein the step of separating the
substantially continuous epithelial |ayer produces an
epi t hel 3&l t ilSsuecthed ef claiondhifinthaycanpstien thestapyofmeplacing
corneahmgi ue.iﬁo. The nethod of claim 39 wherein the
st Wiy

@bq% SSBPB%uces an epithelial tissue flap
contai ning substantially no corneal tissue.

34.  The method of claim 25 where the step of applying a mechanical

force comprises a step of forming an epithelial pocket or flap.

35.  The method of claim 34 further comprising the step of placing an

ocular lens on the stroma beneath the epithelium.

36.  The structure formed by any of the methods of claims 13-35.

37. A method for changing the vision of an eye having an anterior

corneal surface and an epithelial tissue layer, the method comprising the step of:

placing a oscillating epithelial delaminator member of any of

claims 1-12 beneath the epithelial tissue layer,

separating from the anterior corneal surface, a substantially

continuous epithelial layer having a portion connected to the corneal surface,
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4 1. The method of claim39 wherein the step of
separating produces an epithelial tissue pocket where
woheocepms at ed epithelial tissue contains subspamntisalosy21347

no corneal tissue. 42. The structure produced by the

met hod of claim 37 conprising the inplant in contact

wWth the epithelial tissue and the corneal anterior
surface. 43. The structure produced by the nethod of
claim 38 conprising a synthetic polyner ocul ar device

in contact WhiBdhdiss APinif18kicAto the $6MRaBRI uERNgR]
anterior surface. 44. The structure produced by the

met hod of claim 39 conprising the inplant in contact
with the epiplheihg ghe atipehadeepiifelial Hesueoniredie imptaat. or
surface.

38.  The method of claim 37 where the step of introducing an implant
onto the corneal anterior surface comprises introducing an ocular device

comprising a synthetic polymer onto the uncut corneal anterior surface.

39.  The method of claim 37 wherein the step of separating the
substantially continuous epithelial layer produces an epithelial tissue layer

containing substantially no corneal tissue.

40.  The method of claim 39 wherein the step of separating produces

an epithelial tissue flap containing substantially no corneal tissue.

41.  The method of claim 39 wherein the step of separating produces
an epithelial tissue pocket where the separated epithelial tissue contains

substantially no corneal tissue.

42. The structure produced by the method of claim 37 comprising the

implant in contact with the epithelial tissue and the corneal anterior surface.

43. The structure produced by the method of claim 38 comprising a
synthetic polymer ocular device in contact with the epithelial tissue and the

corneal anterior surface.

44. The structure produced by the method of claim 39 comprising the

implant in contact with the epithelial tissue and the corneal anterior surface.

20



