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(57) Abstract

. This invention is a method for modifying the curvature of a live comea (12) to comect a patient’s vision. First, at least one relatively

small opening is made in the comea for inserting a fiber optic cable or mirco—cutting tool therein to create a packet or cavity with first,
and second opposed internal surfaces. The laser beam {22) or mirco—cutting tool can be directed onto one of the first, the secand internal
{ surfaces, or both, if needed or desired to incrementally, and sequentially ablate or remove three—dimensional portions of the comea. If a
laser beam is used, then a flexible template can be inserted into the opening in the comea for accurately controlling the pattern to be ablated
within the comea. Preferably, the live comea is then left alone to collapse, and obtain its new refractive power by waiting 2 set peno-d of
time. After waiting the set period of time, the comnea is then examined to determined the new refractive power of the comea.
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1985, now abandoned. The entire contents of each of the above-referenced patent

applications are incorporated herein by reference.



The invention relates to nmethods for nodifying a |live cornea_t ﬂ@@ge a
patient's vision. In particular, the live cornea is m)difieﬁjzb@E t eps
of sepawatoosgs2en internal area of the live cornea into flg,&[sffj @E’gzsecond
opposed internal surfaces, and then renoving intrastromnal 3 8nd/ or
introducing transparent optical materisa between the internal surfaces.
Description of the Related Art: In an ametropic human eye, the far point,

i.e., infinity, is focused on the retina. Anmetropia results when the far
point is projected either in front of the retina, i.e., nyopia, or in the
back of this structure, i.e., hypernmetropic or hyperopic state. In a nyopic

eye, either the axial length of the eye is longer than in a normal eye, or
the refractive power of the cornea and the lens is stronger than in

anetropic eyes. In contrast, in hypernetropic eyes the axial [ength nay be~

shorter than normal or BAECKGROMND OF PHBANVENTIGNCcornea and lens is | ess
than in a normal eye. Myopia begins generally at the age of 5-10 and
progresses.up to the age of 20-25. High nyopia greater than 6 diopter is
seen in IFigfdTlthd @esieper al popul ation. The incidence of |ow nmyopia of 1-3
di opter can be up to 10% of the popul ation. The incidence of hypernetropic

eye is not kncli. inGentivmmkdlytes 3 Imeth®is foranodifyiag e1ive Rioendd! toPbRddgeand t hen
gradual Iy t.he refracfive power, of the eye increases to nornmal |eéevels by

the age §rtis visipn, e Ingparticnlar, thelivecompsads modifiad Mnthestepsof sepadatinghan t he

crystal | i;pe-na [ e use of a cataract. 0 2 DEC 2093 WD
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contact |l enses to decrease the refractive power of ~the eye. The Y
hyper met fspreendheintespalisurfaessr ected with a plus or convex set of glasses or
contact | enses. Wien hypernetropia is produced because of cataract
extraction, 1i.e., renoval of the natural crystalline |ens, one can place a
plastic lens inplant in the eye, known as an intraocul ar |ens
i npl antation, to replace the renoved natural

Description of the Related Art: -

In an ametropic human eye, the far point, i.e., infinity, is focused on the retina.
Amefropia results when the far point is projected either in front of the retina, ie., .
myopia, or in the back of this structure, i.e., hypermetropic or hyperopic state.

In a myopic eye, either the amal length of the eye is longer than in a normal
eye, or the refractive power of the cornea and the lens is stronger than in ametropic
eyes. In contrast, in hypermetropic eyes the axial length may be shorter than normal
or the refractive power of the comea and lens is less than in a normal eye. Myopié,
be'gins generally at ihe age of 5-10 and progresses up to the age of 20-25. High
myopia greater than 6 diopter is seen in 1-2% of the general population. The
incidence of low myopia of 1-3 diopter can be up to 10% 0f the population.

‘ The incidence of hypermetropic eye is not known. Generally, all eyes are
hypermetropic at birth and then gredually the refractive power of the eye increases to
normal levels by the age of I'S. However, a hypermetropic condition is produced
when the crystalline natural lens is removed because of a cataract.



crystalline lens. Surgical attenpts to correct nyopic anetropi a dates back
to 1953 when Sato tried to flatten the corneal curvature by e

radial cuts in the periphery of a corneal stroma (Sato, % 5d@§fﬁ§ﬁ%o|
36: 823, wdad)sagLater, Fyoderov (Ann. Ophthalnol. 11:118 1979 modi fi ed
the procedure to prevent postoperative conplications du GLOVDHEFREP adi al
keratotomy. This procedure is now accepted for correction of |ow nyopia
for up to 4 diopter (See Schachar [edsi Radial Keratotony LAL, Pub.

Deni son, Texas, 1980 and Sanders D [ed] Radi al Keratotony, Thorofare, NJ,
Sl ack publication, 1984). Another nethod of correcting nyopic anetropia is
by lathe cutting of a frozen |anellar corneal graft, known as nyopic
keratom | eusis. This technique nay be enployed when nyopia is greater than

6 diopter and .eater than 18 .di er The t echni | nvol ves cutting
a partial thi c% eg’l‘g‘f%?ﬁlect‘(? ﬁgﬁme‘ée%ptm Plgeing C%W rl in font
m croker alo @R dyBAi e Y&im om%sla@bﬂ%&%f 1&@@%&@61@&% tﬂ@ﬂeﬁa&@@elﬂowé%fs cut

portlon of the cornea is then placed in a cryolathe and 1ts surface
nodi fi ed. thhéye. iThe ha@hmtmpldoyymtber@meutbd wittea phusraionper s ofighmsessi ng a

corrputerlzed m Prj r to the cuttin e corneal specinen i s frozen
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centering f 8¢ ?ﬂhgm%ﬁ e 1hs® bt nust
be repeat eg1y c eckegl and t %y%errpe?athre %%fflﬁ& %@Egﬁ%?%lg "%g aﬁ%‘@ must be
exactly tlkge,sdomwdiias pg Indabiulg. leho rimiphdntativu; poSeplacartheresoved detugals pl us
fluid is used. However, the adiabatic rel ease of gas over:- the carbon

di oxi de OcEyspl@neleons WO 00/ 51526 -4 PCT/ USOO/ 05285 -1iquid may Iiberate
solid carbon di cI es au3| e.n I
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If the corneal lanella is too his results in a small optical zone

and a subsemeenstrama 4Batef &cmdyopluhalamﬂl 6:823,f 1958. Later, Fyoderov (Ann.
Ophthalmol. 11:1185, 1979) modified the procedure to prevent postoperative

complications due to such radial keratotomy. This procedure is now accepted for

cormrection of low myopia for up to 4 diopter (See Schachar [eds] Radial Keratotomy
LAL, Pub. Denison, Texas, 1980 and Sanders D [ed] Radial Keratotomy, Thorofare,
NJ, Slack publication, 1984).

Another method of correcting myopic ametropia is by lathe cutting of a frozen
lamellar comeal graft, known as myopic keratomileusis. This technique may be
employed when myopia is greater than 6 diopter and not greater than 18 diopter. The
technique involves cutting a partial thickness of the comea, about 0.26-0.32 mm, with
a microkeratome (Barraquer, Ophthalmology Rochester 88:701, 1981). This cut
pm.‘tion of the cornea is then placed in a cryolathe and its surface modified. This is
achieved by cutting into the comeal parenchyma using a computerized system. Prior
to the cutting, the comeal specimen is frozen to -18°F. The difficulty in this
procedure exists in regard to the exact centering of the head.and tool bit to accomplish
the lathing cut. It must be repeatedly checked and the temperature of the head and
tool bit must be exactly the same during lathing. For this purpose, carbon dioxide gas
plus fluid is used. However, the adiabatic release of gas over the carbon dioxide



tissue is thicker than the tool bit, it will not neet at the QI p{ %@%
surface resulting in an overcorrection. In addition, a netic Ious t ng
t echni M@ ovass26 0 be adhered to. The conplications of thawigongilss -

i nfl uence postoperative corneal |enses. These include dense or opaque
interfaces between the corneal lanellajand the host. The stroma of the
resected cornea may al so becone opaque (Bi nder Arch Ophthal nol 100: 101
1982 and Jacobi ec, Ophthal nol ogy [ Rochester] 88:1251, 1981; and Kruneich -
JH, Arch, AQOO 1981). There are also wi de variations in postoperative
uncorrected visual acuity. Because of these difficulties, not nmany cases
of nyopic keratomleusis are perfornmed in the United States. Surgical ’
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after fredzddeguito cosligve hi gher refractive power. This procedure is also
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synt hetic tissuesis dhickércthen thectaol Hihdt wilhndtaned at gresedculated Bm:ﬁ@etrbm&tfmgiinscl osed
in. US.  Patent No 5,123,921 to Werblin et al. and in U S. Patent No.
5, 336, 261 A AVEICRHECH,| erated wel | in this position because they interfere

with the nutri ty,o h n ?m% EF%@ 08L S HpRR.d5t0
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and Jacobiec, Ophthalmology [Rochester] 88:1251, 1981; and Krumeich JH, Arch,
AQQ, 1981). There afe also wide variations in postoperative uncorrected visual
acuity. Because of these difficulties, not many cases of myopic keratomileusis are
performed in the United States. '

Surgical correction of hypermetropic keratomycosis involves the lameliar
cornea as described for myopic keratomileusis. The surface of the commnea is lathe cut
after freezing to achieve higher refractive power. This procedure is also infrequently
performed in the United Statesrbecause of the technical difficulties and has the
greatest potential for lathing errors. Many ophthalmologists prefer instead an
eltemaﬁvc technique to this procedure, that is keratophakia, i.e., implantation of a lens
inside the comea, if an intraocular lens cannot be implanted in these eyes.

Keratophakia requires implantation of an artificial lens, either organic or
synthetic, inside the comea. The synthetic lenses, such as those disclosed in U.S.
Patent No. 5,123,921 to Werblin et al. and in U.S. Patent No. 5,336,261, are not

tolerated well in this position because they interfere with the nutrition of the overlying



best corrective visions are thereby decreased because of the presence of
two interfaces. It is also known to create a channel in the cornea _ and

i nsert ring-shaped nenbers into the channel to nodify the cﬁr%éﬁléﬁﬁﬁﬁ.
Ri ng- shaped obB13h@nts of this type are disclosed, for exang%gal&@mg S.
Patent No. 4,961,744 to Kilner et at., U.S. Patent No. 5, 300 PI8*¥® -
Silvestrini et al., US. Patent No. 5,348,047 to Davenport et al-, US.
Patent No. 5,323,788 to Silvestrini et al., US * Patent No. 5,391,201 to
Barrett et al., US. Patent No. 5,403,335 to Loomas et al., and U.S.
Patent No. 5,405,384 to Silvestrini et al. However, insertion of a

I-i ng- shaped nenber into a channel in the cornea in this nmanner causes the
cornea to stretch and becone deforned, which results in blurred or

ot herw se ghRtDr TR oMasicABnticRR! 4 ' fadLiraviol et and, shorter
wavel ength | asers a?fsggﬁiﬁave bee’nﬂlg'g%ldg C?P Qﬁb‘dieij‘ef}ﬁ‘ée%(?m]ﬁamﬁ?&%g Pgsers
ar e commonthg ceknmahleaticideci rner | asers which are powerful sources of pul sed

~ultraviolet radiation. The active nedium of these |asers are conposed of
the nobl e gasesPEblems,with misrokeratormies sethfpr cuting, lamellavstdrensare igregtlat ogen

| . chlarine. d I L.cal disch h
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produces pliispsignifivant e i hdeddd I Hhe fnR0d cd2hGA 1R UNGH llddk LY ahBitse t YPe
of laser has denonstrated that far ultfaviolet light of argon-fluoride

| aser | i ghieshicomreetiee \wasionse @t Khasebyl slRcreasedc heratse mfptiee prasgami of tval ecul es
by breaki 9. U t heir bonds. Because of this photoabl ative -effect, the
ti ssue an o"ﬁ ic and plastic nmaterial can be cut w thout production of

heat, which woujidisDigo %@wﬁ%%r&@a%%ﬁa%ﬁ@ﬁi@ﬂ%%ﬂd&@%@ﬁﬁ% Q—ﬂ?%hﬁécﬁ the

tissue. The early work in ophthal nology wth. the use of this tType" of

| aser i s rmpmbensdnfoothe pharmet i mydifpdheatornest shabe Rimg-sltaped dmiptantd 6f this
(Trokel, Am J. .Ophthal nol 1983 a tliar, al no y 1985)

Present | y, VB Aredis forye %é&ﬁﬂégg ﬁ%gﬁaNeu&gi,H 1, Kalmersgt al, 11.8- bei ng

made 10 Creglp NAM 800, F18 B Sivdstifei GPANSE.S. Patent No. 5,318,047 to Davenport et
al., U.S. Patent No. 5,323,788 to Silvestrini et al.,, U.S. Patent No. 5,391,201 to Barrett
et al., U.S. Patent No. 5,403,335 to Loomas et al., and U.S. Patent No. 5,405,384 to

Silvestrini et al. However, insertion of a ring-shaped member into a channel in the
comnea in this manner causes the comea to stretch and become deformed, which
tesults in blurred or otherwise distorted vision.

Application ?f ultraviolet and shorter wavelength lasers also have been used to
modify the cornea. These lasers are commonly known as excimer lasers which are
powerful sources of pulsed ultraviolet radiation. The active medium of these lasers
are composed of the nobie gases such as argon, krypton and Xenon, as well as the
halogen gases such as fluorine and chiorine. Under electrical discharge, these gases
react to build excimer. The stimulated emission of the excimer produces photons in
the ultraviolet region.

Previous work with this type of laser has demonstrated that far ultraviolet light
of argon-fluoride laser light with the wavelength of 193 nm. can decompose organic
molecules by breaking up their bonds. Because of this photoablative effect, the tissue

and organic and plastic material can be cut without production of heat, which would



for performance of radial keratotomy and correction of |ow nyopia. Because
of the problens related to the prior art nethods, there is &j&%ﬁﬂiﬁﬁﬂng
need f apolptypiseyyed net hods to correct eyesight. SUMVARY OF THE | NVENTI ON
Accordingly, one abject of the present invention to proviF§dE0Hei28Hd f or
nodi fyi ng corneal curvature via introgucing a transparent optical material
into an internal portion of the cornea. A further object of the invention
to introduce an annul arly-shaped inplant having an opening therein into
the cornea of the eye to nodify the corneal curvature wthout |aser )
abl ati on. Another object of the invention is to provide a nethod for

nodi fyi ng corneal curvature by using a source of laser light in a precise

manner Vicgaguldte a LAt T, ' ransparent optical mterial into

t he strorrral_.g;)’hfl t%?‘osrﬁ%eg@ﬁeféﬁgcvg%gg#ﬁh%ﬂ@ﬁoﬂﬂéﬁs- e oh{his fxperati on s -

to provi dasesiscreparted faroperforating ealialodict Vin thd @ofidaVal ﬁlf'roﬁell i gornea,

thereby elim atli t he, need and conplications of workihg on'a frGzen

cor nea. bﬁ"ﬁ'&mo ?@Clamé)quth@r, iPRbtraimedogys 1985)r Reesbatly, it binsingtorto

I mprovin ' ] 2 e, of -glasses or cqntact_|enses, but

rat her b%ﬁn%fg?%gﬁocﬁ%@géa ? Laggmlcé%’rh%‘ﬂg “%ﬂ%\fﬁt‘ﬁ?aé‘? @43%&% pihecornesf t he

i nventi oforipsrﬁmnancemfﬁiaakmtdt@:ﬂyfaﬁéboﬁééﬁdMIB%ﬁngc?pzi curvature of a live

cornea w thoug the need of sutures. WO 00/51526 7 a"DEC 2 B

PCT/ USOQY 05285ecau0ehite poohlerms rejéted e thepiortarometinds othereoiiadmana@ hod t hat

can nodi . curvature.of a live cornea with mninmal incisions rnto the

epitheli%#ﬁmggm&ogsaV&Hﬁtqyﬁ@géBrnea. Anot her object of the

invention is to provide a nethod for nodifying the corneal curvature by

abl ating or coagul ating the corneal stroma and introducing a :
: SUMMARY OF THE INVENTION

Accordingly, one object of the present invention to provide a method for

modifying corneal curvature via introducing a transparent optical material into an
internal portion of the cornea.

A further object of the invention to introduce an annularly-shaped implant
having an opening therein into the comea of the eye to modify the corneal curvature
withoutﬁlaser ablation.

~ Another object of the invention is to provide a method for modifying corneal
curvature by using a source of laser light in a precise manner via a template and
introducing a transparent optical material into the stroma of the cornea if necessary.

Another object of the invention is to provide such a method that can modify
the curvature of a live comea, thereby eliminating the need and complications of
Wo'rking on a frozen comea.

~ Another object of the invention is to provide a method for improving eyesight
without the use of glasses or contact lenses, but rather by merely modifying the
corneal curvature.

Another object of the invention is to provide a method that can modify the

curvature of a live cornea without the need of sutures.



transparent optical material into the stroma of the cornea. According to
one aspect of the present invention, there is provided a blan% dﬁgf Ele
for use in nodifying the curvature of a patient's |ive cornea, ¢ | (S
a first §Eimuﬁémadapted for placement directly on an interparaRsnesed .
surface of a patient's |ive cornea which has been exposed by renoving a
flap portion fromsaid |live cornea, a +bftion of said exposed surface
heing intersected by the main optical axis of the eye, said flap portion
remai ning attached to said cornea by a hinge portion; a second surface
opposite said first surface; a wall surface extending between said first
and second surfaces, and defining an opening in said blank, said opening
formed substantially wthout ablation; said blank conprising a materi al
" whose properti esApethmi bbjectgbf theawivergion isviovirbeidgtahmathddl that ban wiodifp|the
spectrumto pass t ﬁthrough and prevent substantially all 1ight having a
wavel engt h %Hfi’q'ﬂ“i? Hifeliye,cncs vah mipimal melsionsonfe) é@%r"@@ QIZAD'S saj d
" bl ank adapt q?éﬁ% ed he curvature of the cornea and at |east one of said
mat eri al I Sai ered curvature of the cornea adapted to alter the

path of Sal d | i ghhothey bbhjgctof ey elveREsM igved Hrovibe wietidd forSRBEiHE théX her
obj ects, advantages, and salient features of the present invention wll

become appagaseeal curvaie dys ’blpting of woegidating thier gmmcaiesttcuna ond rigtrattucingl @d
descriptio whi ch en i. npuncti-on with the annexed draw ngs,

di scl oses #@sgqrp%tadphgﬁl%ﬁcﬂéﬁdpgo%zpsﬁﬂ@ 9 ﬁ%‘fqrﬂ??' WO 00151526 8 0 ? 'r-(-
"933 PCT/ USOO/ 05285 BRI EF DESCRI PTI ON OF Tl E DRAW NGS Referring now to the
drawi ngs which forma part of this original disclosure: Fig. 1 is a side

el evati onal vi evAdcorBeg tto onet ke mfhttmughsdnhénwmibar thefe & peyededshdlamkg t he
cor nea, pup a}r;lgﬁ_l ens evational view in section

2 1s a
i ar ¢ o ARl e immerying e By FaPaer i o Sy LT 1 emoved
fromthe fropk é?lfrfat:@Qdéﬁ)%d%ﬁplaEé}ﬁérﬁWrect%@@@ﬁﬁ‘?dt&galtél%oﬁiﬁréﬂ?ﬁcé ot Ppdiichet and
second opposed i nternal surfaces;
live cornea which has been exposed by removing a flap portion from said live cornea, a
portion of said exposed surface being intersected by the main optical axis of the eye, said
flap portion remaining attached to said comnea by a hinge portion; a second surface
opposite said first surface; a wall surface extending between said first and second
surfaces, and defining an opening in said blank, said opening formed substantially
without ablation; said blank comprising a material whose properties permit light having a
wavelength within the visible spectrum to pass therethrough and prevent substantially all
light having a wavelength within the laser light spectrum from passing therethrough, said
blank adapted to alter the curvature of the comea and at least one of said material and

said altered curvature of the cornea adapted to alter the path of said light having a

wavelength within the visible spectrum.

Other objects, advantages, and salient features of the present invention will
become apparent to those skilled in the art from the following detailed description,
which, taken in conjunction with the annexed drawings, discloses preferred

embodiments of the tnvention.



Fig. 3 is a diagrammatic side el evational view of the eye shown in Fig. 2
with a |aser beam source, diaphragm and guiding mechani sm lgef - aogg ed
adj acentwownbssreé0o; Fig. 4 is a side elevational viewin aﬁgﬁk§n of an eye

t hat- has been treated by the apparatus shown in Fig. 3 B9/82B%n -
conducted in an annul ar area spaced frgm the center of the internal
surface on the cornea; Fig. 5is a front elevational view of the abl ated
cornea shown in Fig. 4, Fig. 6 is a side elevational view in section
showi ng the ablated cornea of Figs. 4 and 5 with the thin |ayer preV|oust
renoved fromthe cornea replaced onto the ablated area in the cornea,
thereby increasing the curvature of the overall cornea; Fig. 7 is a side

el evational view in section of an eye which has been ablated in the
central area of the internal surface on the cornea; Fig. 8 is a front T
el evational view of t heBRIGFBESERIRTION OF THPDRAWINGE ed portion shown in
Fig. 7; Fig. 9 a _side elﬁﬁgalonal view I n section ol the ablated cornea

of Figs. 7 andRe TTINE RAT A theirawines whighdo @@?Fb@fslhlfqméaclbsmmthe

cornea is repl r feLe dyci curvature
of the overall ?g%?n%\aéeﬁd% gﬁ"i‘g&ﬁ 1%9“ i?Jon e ev%’f%ﬂ‘éﬁ‘@ﬁ éﬁﬂ%’?o e cye

adj ustablshcdvmﬁrmmﬁ,ﬂpupﬂaﬂd]éhg 3 used for directing the | aser beam
towards the eye: Q DEC 2003 WD 00151526 9 PCT/US00/05285 Fig. 11 is a
front el evati oRlg Qvise@vsﬁe ?ﬁ%ﬁt@uﬂdﬂﬁg’ lma@h&m §tm$arotmth|ansh%vg1 3 Fihavi ng a
rotatable 0 | [ di-recting the | aser
beam )&rgg eae)ilhéxl ngra prel?feﬁ"f1 ﬁﬁ:ﬁ%fg% é‘?t ?rﬁjdqtlﬂlthffqr%eaa STEPY  si de

el evatlor‘@baiéhﬁg/ﬂﬁcdrh@aﬁt{iﬂis%hd@@&i’d‘b é.lrhlr@:& 11, Fig. 13 is a
right side elevational viewin section taken a Ine”13-13 in Fig. 11 .
showi ng t he i nFig Adb aghiegramuitic kide glaveiioml nmhaf\tlﬁrqye shown in Fig. 2 with

a laser beam source, diaphragm and guiding mechanism being located adjacent
thereto;

Fig. 4 is a side elevational view in section of an eye that has been treated by
the apparatus shown in Fig. 3 with ablation conducted in an annular area spaced from
the center of the internal surface on the comez;

‘ Fig. 5 is a front elevational view of the ablated cornea shown in Fig. 4;

Fig. 6 is a side elevational view in section showing the ablated comnea of Figs.
4 and 5 with the thin layer previously removed from the cornea replaced onto the
ablated area in the cornea, thereby increasing the curvature of the overall cornea;

Fig. 7 is a side elevational view in section of an eye which has been ablated in
the central area of the internal surface on the cornea;

. Fig. 8 is a front elevational view of the cornea having the central ablated
portlon shown in Fig. 7; '

Fig. 9 is a side elevational view in scctlon of the ablated cornea of Figs. 7 and
8 in which the thin layer previously removed from the cornea is replaced over the
ablated area, thereby reducing the curvature of the overall comea;

Fig. 10 is a front elevational view of the adjustable diaphragm shown in Fig. 3
used for directing the laser beam towards the eye;



Fig. 14 is. a front elevational view of a nodified guiding mechani sm
i ncluding a novable orifice; Fig. 15 is a diagrammtic side _elevali I
view of a second nodified guiding nmechanismfor a |aser beam %m&(ﬂﬁg a
uni ver sY® §0/Ei&ported mirror and actuating notors used fgEr5uigagsd he
mrror and thereby guiding the | aser beamin the predeterm ned pattern;
Fig. 16 is a diagrammatic side elevati-ghal view of a third nodified guiding
mechani sm conpri sing a housing and a rotatable fiber optic cable; Fig. 17
is an end el evational view of the housing and fiber optic cable shown in
Fig. 16; Fig. 18 is a diagrammtic side elevational view of a |aser source,
di aphragm and gui di ng nechanismfor use in ablating the thin |ayer renoved
fromthe cornea, which is shown supported by a pair of cups; Fig. 19 is a
front el evati onfig. ¥l éwa Gonaelevatinnabrivecofithe ghidiasmb@Raistithotnt th Rig. 3pat ul a
to separate_the central rti.on.qQf the cornea intq first and second opposed
i nt er nal %%?%qﬁé‘a@{gﬁa&ﬁ&n%l? Rize famsddbesn, fondifectios thedpser bpami s a
si de el evahiverRlthe/é I3 hroGk I’hﬁ?li dtf?%&% . along line 20-20 of the cornea

[ .agbllséa ron %’e

shown in Fig. 19; Fig vational view of a cornea that has

been cut as shdiig. i is Ei:@ghtkmevelmﬁ@hblaﬁwrbfc@e%uﬁﬁ@gnieehaﬂﬁn%ﬁa%%
portion of_the cornea by a |l aser; WD 00151526 -10 O DEC 2003

PCT/ US00/ 88885 Fi g. 22 is a side elevational viewin section taken al ong

line 22-22 of & rnea.sh ip Fi,g. 21; Fi.g.. 23 is a_ side el evational

view in secti onﬂga&g’% %‘F@%&ﬁﬁv‘@%ge t%éqw B seq en algpgfing 1348 indiigt ed

" cornea of lﬁiﬁﬁwiﬂggthgzutﬂﬂahpér&%ﬁtﬁé)?&idﬁgtuh& .o removed; Fig. 24 is a side
hr ough t

el evational viewin section taken e center of an eye showing the
abl at ed cor nea Hig. H §s frogt-edevationadl tview of & apsiefiedundding @echinishahudrer easi ng

a movable orifice;

Fig. 15 is a diagrammatic side elevational view of a second modified guiding
mechanism for a laser beam including a universally supported mirror and actuating
motors used for moving the mirror ‘and thereby guiding the laser beam in the
predetermined pattern;

Fig. 16 is a diagrammatic side elevational view of a third modified guiding
mechanism comprising a housing and a rotatable fiber optic cable;

'Fig. 17 is an end elevational view of the housing and fiber optic cable shown
in Fig. 16;

Fig. 18 is a éiagrammatic side elevational view of a laser source, diaphragm
and guiding mechanism for use in ablating the thin layer removed from the cornea,
w%aich is shown supported by a pair of cups;

Fig. 19 is a front elevational view of a live cornea which has been cut with a
spatula to separate the central portion of the cornea into first and second opposed
internal surfaces in accordance with the present invention;

Fig. 20 is a side elevational view in section taken
along line 20-20 of the cornea shown in Fig. 19;

Fig. 21 is a front elevational view of a cornea that has been cut as shown in

Fig. 19 with ablation conducted in the central portion of the cornea by a laser;



the curvature of the central portion of the cornea; Fig. 25 is an enlarged,
partial cross-sectional view of a cornea with a fiber optic t%gngyﬁ$g$g,
separ at i¥Mg 0&pig2@bl ati ng the cornea into first and second o] [ na
surfaces; Fig. 26 is an enlarged, partial- cross-sectional g& YP5255 cor nea
with a fiber optic tip having an angljgd end for ablating the cornea; Fig.
27 is an enlarged, partial cross-sectional view of a cornea with a fiber
optic tip having a bent end for ablating the cornea; Fig. 28 is a front

el evational view of a live cornea in which a plurality of radially
extendi ng cuts have been nade with a spatula to separate the cornea at each
of the radially extending cuts into first and second opposed i nternal

surfaces in aEr2aisce side tdleviationd) BSE ' an; Fig...29.is.a front
el evati onal _vi gw of. a_cornea in which {l&;ﬂ@%@ %)??gr}men%‘)i'i%&-sﬂ‘éhom in-

Fig. 28 h&8 ¥ -&d;to create a plurality of radially extending

tunnels; Fig. BQ b$; | el.evational view in section taken along |ine
30-30 of the ¢ f%%ésa%gmgﬁlgef’ PR pifectongaken gupegh the seatmoofdn efeg. 31
i's a si desholwingthiabhited\toBwalol FRRC10.95 LPQ%d Be center of an eye
showi ng the ablated cornea of F%?gs. 25{1 ?@F?gg%%{%?éﬁgg osition,

t her eby decr eadBEndf istanide devationakviel i kectivartiked ﬂ:?&iéﬂ%c%tef-ﬂ?mggg ea; 07
Ppl X003 evat rohal view

RCT/ US0Q/ 05285 -11 Fig. 32 is a front e
of. alive co%eégg\/\%egﬁogwﬁpghﬁsi 18r23 in its gellapsed pesitiendhagby degelaye been
made W t hthacawalt & the iBn bPReGRLpga at each of the radially
extending cuts into first a second ed internal surfaces in

accor dance wi tHigt e iparesiatgednpatinl ofdss-Eict ] [ tianal view
in section.taken tE‘Ilongagl i ne 33?33 of the gg;aﬁgﬂg%o?f Ei%&%ﬁvﬁt%%ﬁ’é :
spatul a rPEREHPCUtERE, Separafing and ablating| the apimpaainto fiesy aid 8ecoBl NYPobdpt has -

been radiieindl Siltacds

Fig. 26 is an enlarged, partial cross-sectional view of a cornea with a fiber
optic tip having an angled end for ablating the cornea;

Fig. 27 is an enlarged, partial cross-sectional view of a cornea with a fiber
optic tip having 2 bent end for ablating the cornea; '

Fig. 28 is a front cievational view of a live comnea in which a plurality of
radially extending cuts have been made with a spatula to separate the cornea at each of
the radially extending cuts into first and second opposed internal surfaces in
accordance with the present invention;

Fig. 29isa front elevational view of a cornea in which the radially extending
cu?s shown in Fig. 28 have been ablated to create a plurality of radially extending
tunnels; '

Fig. 30 is a side elevational view in section taken along line 30-30 of the
cornea of Fig. 29 with the fiber optic tip removed;

Fig. 31 is a side elevational view in section taken along the center of an eye
showing the ablated comea of Figs. 28-30 in its collapsed position, thereby decreasing
the curvature of the central portion of the comea;



shown in Figs. 32 and 33 with coagul ati on conducted at the ends of the
radial cuts by a laser, thereby increasing the curvature of the central
portion of the cornea; Fig. 35 is a side elevational viewin 8e&tliFdn #8ken
al ong | iwe 0861536 of the cornea of Fig. 34 with the laser P@*f@bﬁ/@sﬁﬁd_
coagul ati on conducted at the ends of the -radial cuts to increase the
curvature of the central portion of thgicornea; Fig. 36 is an enl arged,
partial cross-sectional view of a cornea with a drill tip renoving tissue
therefrom Fig. 37 i's a front elevational view of a |live cornea that has
been cut to forman intrastromal pocket and showi ng a tool for injecting
or inplanting ocular material into the pocket; Fig. 38 is an enl arged side
el evational view in section taken through the center of an eye show ng the

intrastromal pogiles2 Qy arfrédt! diativhdihvieG el WRteHS! it RaIgbY pridiifyeapi Ng
the curvature of the central portion of the cornea; Fig. 39 i's an”enl arged

si de el evaedigHnExtonding cufs dave basn madesvith & spataia to keparaia ther cornéa ateady of
showi ng t i ntrastr . pocket paptially filled with ocul terial

t her eby gﬁﬁr@é’éﬁﬁg@‘t P 6‘?*8 ﬁﬁttwyé%‘??PPaPPB R aqesr Hea;
Fig. 40 i%cé&dﬁ‘ﬂ'&e%ﬂfﬁg?k&%ﬁh@éﬁ%h?”a' view in section taken through the

center of an eye show ng the i1ntrastromal pocket conpletely filled with

ocul ar mat eri alFigr 33tioniside tlheatiunal aiew ¢n géctidnetakentalale Hne 33033 of thde
cornea to its original curvature; WO 00/51526 -12 6 2 DEC 2003
PCT/ US00/ 9ms3 of Fig. 32 pifhsthg spatila remavesti onal vi ew of an ocul ar inplant or

material 1N ACGHLIRNGES HAD o dIBiBLE R 3P L TSR ol B UL 1 1

accordance wth the present Tnve cornea, 42 is

a cross- sabbkanaFigsl S3var] 33 Rethapdb@btioTBomitbtedrat M idsalf thé Hasdlicatsesl i n
Fig. 41 taken along section line 42-42;, Fig. 43 is an enlarged side
el evat i ondl lasarcthenehy insteasivg theauvaturerofitht cetwl perttomrofdhe egneaie- showi ng t he

'ntrastromal pqgkels ' Rad BEvafotaR vidw R 30biod 1Bk Hdy 185 F58 of the
cornea of Fig. 34 with the laser removed and coagulation conducted at the ends of the
radial cuts to increase the curvature of the central portion of the comea;

‘Fig. 36 is an enlarged, partial cross-sectional view of a cornea with a drill tip
removing tissue therefrom,

Eig. 37 is a front elevational view of a live cornea that has been cut to form an
intrastromal pocket and showing a too! for injecting or implanting ocular material into
the pocket;

_ Fig. 38 isan lanlarged side elevational view in section taken through the center
of an eye showing the intrastromal pocket over fifled with ocular material thereby
increasing the curvature of the central portion of the cornea;

' Fig. 39 is an enlarged side elevational view in section taken through the center
of an eye showing the intrastromal pocket partially filled with ocular material thereby
decreasing the curvature of the central portion of the cornea;

Fig. 40 is an enlarged side elevational view in section taken through the center
of an eye showing the intrastromal pocket completely filled with ocular materiat
restoring the curvature of the central portion of the comnea to its original curvature;



41 and 42 therein for increasing the curvature of the central portion of
the cornea; Fig. 44 is an enlarged side el evational view infsgdiioli8¥ken
through WR&8%A¢er of an eye showing the intrastromal pogkeiusphbdst he
ocul ar inplant or material of Figs. 41 and 42 therein for decreasing the
curvature of the central portion of thE«<cornea; Fig. 45 is an enlarged side
el evational view in section taken through the center of an eye show ng the
i ntrastromal pocket with the ocular inplant or material of Figs. 41 and 42
therein for maintaining the original curvature of the central portion of
the cornea; Fig. 46 is a front elevational view of a |ive cornea which has
been cut to form a plurality of radial tunnels or pockets and showng a -
tool for inj ecﬁ&‘lgﬂoﬂsi&rﬁ#ﬂnﬁleﬁgiomblﬁim..ﬁmh@r&,@ﬂari ﬂﬁﬁﬂ%@%rttﬁ&%ﬁéls' Fig. 47
[ he .

is an enl | evational view in section taken throug nt er

of the eye s ovxﬁ'sén‘g&?@ee?rgﬁ?”g@vfﬁm%‘@Plﬁﬁmatga@bruéh;g. 46 overfilled with
ocul ar  mater iBig. 4087 £E06s8B6HHEYAL ol ~and increasing its
curvature; 'Fig. 48 is an enl argeg%svfigg%éed\i}ga?iwgﬁﬁ’éwepﬂi astrateching aken

t hrough tHig 4etaken alopg sedtiondire 42k ng the radial tunnels or pockets of

Fig. 46 underfsl_i.l Iﬁ?. with.ocular nmaterial thereby nodifying the cornea and
decreasing it s ButvSityEargpdsida slevationsl wieweingrection tkeretheotshi theadntad €W i N

section tofilsg h e showi ng the radjal tunnels or

pockets of Flegé%%#%%n%?g% ei ys‘?ﬂif"%@ﬁa"{e‘hﬁ%%ﬁﬂl% PY Eaterigboiiigs.

modi fyi n&lmhé%dbmmfoy\lhdﬁéﬂsﬁikig@:uﬁ@u@cgfﬂg&ﬂﬁﬂéﬂmlﬁeg 05285 Fig. 50
en t

is an enl argeq,.side elevational viewin sectiont ®©he center
of the eye shoWp{tf 5@ elargpbsideiclneationat vieackatatiodmakéd thkRghWhd LenpGul ar

mat eri al of 9y el SAS e _curvature of sel ected portion of the cornea and
anot her ?unng*é]%? poglgﬁé‘{]mu@ﬁﬁ%?‘?]iﬂolcgﬁtW&‘&@&%é@h@t@mﬁa}rﬁﬁg&a /

sel ect ed4pand KD theatintfoLdERERRR: thE Lkv | arged side el evational
view in sectign taken through the ceﬁté%?bﬂg?%%g&gg & TEPBHe of the

tunnel s or po&k@tdS is emenlargddsidd ¢leentional Viewdn sadtion taken through the center
of an eye showing the intrastromal pocket with the ocular implant or material of Figs.

41 and 42 therein for maintaining the original curvature of the central portion of the
cornea;

Fig. 46 is a front elevational view of a live cornea which has been cut to form
a plurality of radial tunnels or pockets and showing a tool for injecting or implanting
ocular material into the tunnels;

~ Fig. 47 is an enlarged side elevational view in section taken through the center
of the eye showing the radial tunnels or pockets of Fig. 46 overfilled with ocular
material thereby modifying the cornea and increasing its curvature;

Fig. 48 is an enlarged side elevational view in section taken through the center
of the eye showing the radial tunnels or pockets of Fig. 46 underfilled with ocular
material thereby modifying the cornea and decreasing its curvature;

Fig. 49 is an enlarged side elevational view in section taken through the center
of the eye showing the radial tunnels or pockets of Fig. 46 completely filled with
ocular material thereby modifying the cornea;



material to maintain a portion of the cornea at its original shape and
anot her tunnel or pocket overfilled with ocular nmaterial to increase the
curvature of a selected portion of the cornea; Fig. 52 i s0ahDehl ded si de
el evati owWal00siz2& i n section taken through the center of thg@8/0538W nNg
one of the tunnels or pockets conpletely filled with ocular material to
mai ntain a portion of the cornea at itB-original shape and another tunnel
or pocket unfilled to collapse or decrease the curvature of a sel ected
portion of the <cornea; Fig. 53 is an enlarged side elevational viewin
section taken through the center of the eye showi ng one of the tunnels or
pockets overfilled with ocular material to increase the curvature of a
sel ected portign of the cornea and another tunnel or pocket wunfilled to
collapse or. dEig&84ean prlarggd videlevagional viaw scsestiop taken throegh thasentsr nea;

Covter off Bk GERMBHRGL he'Gr BURRLOND polil ol DeiREB oTRAlHNE o1 O1

removed fimoreatdihe chirvaeure of Beéestad pbiitonsith@torfied &id atotldr tirifiel anpocsklet Fi gs.
41 and 42 posjitioned between the thin |ayer and the remainder of the live

cornea; tWelesidiaddp degregse the caryature efa salepserl portien of thegomsaal view i n section

t aken t hrough x X ar_ i.npl | t ' I gs. 41
and 42 i npl antgfc&' ?2?%%%&1%%%\%@%%%%&?%%}%“ Jf?nﬁ%g@@ ta?)‘%'& ﬁé&@oégggﬁﬁgpl aced
over the ¢ftHeagyd ehdwing die bf i Autheld BE pouUketaiconpladlyt fiked eitte aculdD
00/ 51526 -14 D ? DEC 2003 PCT/US00/ 05285 Fig. 56 is an enlarged side

el evat i onptetiplely mainteine perionafdhe comen ahits ongind fhape 1d anethes he&%i ng t he

ocular inplant illus t in Fias:. 41 and '!gydlﬁp [ . ea wWith
t he thi n?%?%ﬁ o ﬁ#‘ﬁ%@b?ﬁ&ﬁ@iﬁ o Jugea tﬁ%% ocu aéie‘{ijs%#gér?ﬁr%&gégr ease
the curvageesmes; the cornea; Fig. 57 is an enlarged side elevational View

I n section taken through the center

Fig. 52 is an enlarged side elevational view in section taken through the center
of the eye showing one ofl the tunnecls or pockets completely filled with oguler
material to maintain a portion of the cornea at its original shape and gnother tunnel or
pocket unfilled to collapse or decrease the curvature of a selested portion of the

cornea;
Fig. 53 is an enlarged side elevational view in section taken through the center

of the eye showing one of the turmels or pockets overfilled with ocular material fo
increase the curvature of a selected portion of the cornea and another tunnel or pocket
unfilled to collapse or decrease the curvature of a selected portion of the cornea;

Fig. 54 is an exploded side elevational view in section taken through the center

of an eye showing a thin layer or portion of the comea completely removed from the

five cornea and the ocular material or implant of Figs. 41 and 42 positioned between

the thin layer and the remainder of the live cornesa;
Fig. 55 is an enlarged side elevational view in section taken through the center

of the eye showing the ocular implant illustrated in Figs. 41 and 42 implanted in the

comea with the thin layer of the comea replaced over the ocutar implant fo mcrease

the curvature of the cornea;



of the eye showing the ocular inplant illustrated in Figs. 41 -and 42
i mpl ant‘ﬁgroiol{sl tile Cornea Wth the thin layer of the cornda?r&fgl 8% over

the Ccu hsﬁﬁant to maintain the comas original curvatPE.rrﬁjso @%558 is an
enl arged side el evational view in cross section through the cen PS o an

eye showing a circular cut or groove 444 he cornea and the ocul ar inpl ant
of Figs. 41 and 42 Positioned between the Separated internal |ayers, but
before the separated internal |ayers are replaced or rejoined on the )
cornea; Fig. 59 is a side elevational view in section through the center of
the eye Showing tile outer surface of the cornea cut to forma flap having
a portion stif%. %tached to the cornea to expose the intrastromal |ayers -
of the cornea; ﬁé 5% erlarged sidatleehonal vigaak, Miew X _an ocul ar inplant or
nat eri al éffthe%fr&%&?iﬂg%%g\ﬂbég the Present Mention for MghGeweRtar n t he
I ntrastromal area of “the ?M,@%ﬁe&dlmhgﬁﬂs&ﬁgg%a@gﬁ%d\&gv of the

ocul ar i ri9ragewith theothé [a9br § ed.in, Fig. 60 taken Son line
61-61; Fi.g, 62 is a f-ro[r?? elfei\?gt%?’%“%éum@%%ﬁermm¢mmm&adé@esﬁ has

been cut \/\f?‘?fvﬁmmt%heﬁ@nﬁepar ate the central Portion of the cornea into

first and secqn ed internal surfaces in accordance with the present

i nvention; Fi g.gég |é %ﬁgn@rgfésge@lwﬁommawmécﬁoh%ﬂ%%| cross-section
t elev

of the cof theceyeshowing the - Fig- 64 is a fron fBa ceptesw of t he
live cornea of :Fig. 62 \?\Adtcﬁ'lalé%lﬁ%’g'?én‘d‘%%?@dﬂmﬁjzrimpm&ﬁ]ﬁélg% -15

DEC 2003°P&¢¢ & 868 3ayer of tltbednseady %'Eggi | evational . view in |ongltudinal
cross-seﬁ%iogﬂte%f }_igfp@for nea shown i r?ﬁ 'g. 8%35 ¢ PEler implayt tohmainesip| at e
positi oned W LA A CYVaEEe; Fig. 66 is front elevation view of the live
cornea il lustfg +d l1as. ; 62- 65, but )
il §8lid 4h gﬂlg%cd Side elevational view in cross section through the center

Ove in the cornea and the ocular implant of

. the separated internal layers, but before the
separated internal layers are replaced or rejoined on the cornea;

of an eye showing a circular cut or gro

Figs. 41 and 42 positioned between

Eig. 59 is a side elevational view in section through the center of the eye
showing the outer surface of the comea cut to form a flap having a portion still
attached to the cornea to expose the intrastromal layers of the commea;

Fig. 60 is a front elevational view 6f an ocular implant or material in
accordance with the present invention for implanting within the intrastromal area of
the cornea;

Fig.6lisa cr(.)ss-sectional view of the ocular implant or material illustrated in
Flg. 60 taken along section line 61-61;

Fig. 62 is a front elevational view of the live cornea which has been cut with a
tool to separate the central portion of the comea into first and second opposed internal
surfaces in accordance with the present invention;

Fig. 63 is a side elevational view in longitudinal cross-section of the comea
shown in Fig. 62;

Fig. 64 is a front elevational view I
of the live cornea of Fig, 62 with a templat
inserted therein; o



with -the tenplate inserted within the cornea and a | aser beamemtting
cable or fiber optic cable inserted therein to ablate at |east one of the
first and second opposed internal surfaces of the live (ﬁ)r’gng@; Tg. 67 is
an enl argodo/spasti al, side elevational viewin section of RS 6/%(5‘535 cornea
illustrated in Fig. 66 wth the | aser beam passing througﬁ a portion of the
‘tenplate to ablate one of the internal n];surfaces of the cornea; Fig. 68 is
front elevational view of the live corneda illustrated in Figures 62-67
after one of the internal surfaces has been conpletely ablated to forma
circular pocket; Fig. 69 is an enlarged side elevational viewin cross
section of the live cornea shown in Fig. 68 with a circular pocket forned
therein and prior to collapsing thereof] Fig. 70 is a side elevational
Viewin cross s 691s of eihib s CoENea shown in Figs. 68 and 69, but after the
abl at ed po ket ﬁi;gts bese(rifl col | a%se ieety longimdingl c5¥ssysectixin ofthe cowie i O

surface o W@@Eﬂmeﬁ&ﬂlﬁstgaun khé & view of the |ive
& f@lﬁégﬁs %@%ﬁ%&’ “i%iPeant of Figs. 60 and

cor nea |IIustrg$edﬁémF§ 70, bu

61 inserted ther'&i %“%Waﬂgﬁé(w%bﬁheﬂl@wmc@ﬂhﬁw M F S’%BS{?I ate for
abl ating a¥ith gRSbm % %@%ﬁ&r t and second opposed i nt aces of
the live cornea ilfustrate H} 1S copea 2pd @ lger beana entittingroablécd fber

b Pye o nen LI vot e E b SO, RsC b R K e esand epaaseanc bt

the live ¢gornea illustrated in Figs
the first ﬁ‘fﬁ"ag%’él & effbedizd comeey nal surfaces |napluraI|ty of radial

lines; Fig. 74 erspective view of anot her enbodi nent of a universal
bl ank accor di ﬁ’gﬁ t‘? ?Sn p‘ﬁ"@"sfﬁﬂf Rapiabnside elevatinaDRGw? @ fsectldd OPHRLEZS - 16

PCT/ USOO/Gﬁﬁ&'BLHlBhﬁIed?ﬁF f t Levational Vi ew of the enbodi nent shown
in Fig. 74 76 is fgt?);g e va%laes S Rese thseughrb utirtiernof sheown i n

Fig. 74: template %o ablate one of the internal surfaces of the cornea;

Fig. 68 is front elevational view of the live comea illustrated in Figures 62-67
-after one of thé internal surfaces has been completely ablated to form a circular
pocket;
Fig. 69 is an enlarged side elevational view in cross section of the live cornea
shown in Fig. 68 with a circular pocket formed therein and prior to collapsing thereof;
Fig. 70 is a side elevational view in cross section of the cornea shown in Figs.
68 and 69, but after the ablated pocket has been collapsed to decrease the slope of the
exterior surface of the cornea;
Fig. 71 is a side elevational view of the live comea illustrated in Fig. 70, but
with the ocular implant of Figs. 60 and 61 inserted therein; -
Fig. 72 is an altemative embodiment of 2 template for ablating at least one of
the first and second opposed internal surfaces of the live comea illustrated in Figs. 62
and 63 so as to produce a ring-shaped ablation;
Fig. 73 is another alternative template for use in the live cornea iliustrated in
Figs. 62 and 63 to ablate at least one of the first and second opposed internal surfaces
in a plurality of radial lines;
Fig. 74 is a perspective view of another embodiment of a universal blank
according to the present invention;



Fig. 77 is a perspective view of another enbodi nent of aoé?ingﬁr Q@ﬁbbl ank
accor di % to the present invention, which is a variation e odi nment

shown i MYORP/GIS2§4: Fig. 78 is a front el evational ons vi eWC?fUS’i]S'/?szs
enbodi ment shown in Fig. 77; Fig. 79 is"a top elevations view o the -
enbodi ment shown in Fig. 77, Fig. 80 igga front elevational view of a
variation to the enbodi nents shown in ?:i gs. 74 and 77; Fig. 81 is a side
el evational view in section taken through the center of an eye and show ng
pl acement of the enbodi nent of the universal blank shown in Fig. 74 on the
exposed surface of the cornea; Fig. 82 is an enlarged side elevations view
I n section taken through the center of an eye and illustrating the -

uni ver sal bl ankFightiis aifrodffielvatihaPash draRed, Q0L he, exposed surface of t he
cornea; Fig. B%B}g%rﬁ}ggenl arged front tedl eva%?g dimegt shover inckig Mornea with -

t he uni ver sal fereleyatiopaigriew 6f ﬁre@ﬂiﬁdiﬂenﬁéﬁﬁwﬁiﬂﬁg%ﬁur face
vatT

thereof as showjeify K g. npiand Fi 84 is a side ele ona viewin
section taken t hgrougf!ld ?H’é’%&?ﬁvgrwgw g%é“‘éb@' embodintent of ng ubivershi BRald ke

portion r 8¢resding dodltt wresdnt idvend '\(&R-Eﬁl | ank. shown in Fig. 74. DETAILED
.DESCRI PTInEN - THE PREFERRED -Eﬁl\/%idi)l szp )@ﬂ%}@&pi ¢ embodiment showa ih0 i s
shown conpt& ‘lhng a cornea 12, a pupil 14, and a lens 16. If the

nd .| ens does not provi de adequate vision, the

conmbi nati on of ea
cornea can be lr:r%?? ?sg%ﬁ'f’ﬁt %@@B%Péﬁ@év Of thiy etitbedimer _howA ik Pigrpdi fy the
refractive WO By 59 82Hton blevlsi ” o dio00] 05285  power of the
conbi ned corneal and | eﬁie e&%@gﬁﬁ%&oﬁgpggﬂwi Seawy InsFign77;Thi s i s
acconpl i shed tFigs 80 fyja frentelévagiosal tvidivd of 8%&kiartS, ld B kR aE S oS ghc?v%tin of @
patient’ sphive g 77; '
Fig. 81 is a side elevational view in section taken through the center of an eye
ar_xd showing placement of the embodiment of the universal blank shown in Fig. 74 on
the exposed surface of the cotnes;
Fig. 82 is an enlarged side elevational view in section taken through the center
of an eye and illustrating the universal blank shown in Fig. 74 positioned on the
exposed surface of the comea;
Fig. 83 is an enlarged front elevational view of the cornea with the universal
blank shown in Fig. 74 present on the exposed surface thereof as shown in Fig. 82;
and
Fig. 84 is a side elevational view in section taken through the center of the eye

ﬂ1u§&aﬁng the flap-like portion repositioned over the universal blank shown in Fig,
74, |

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

* As seen in Fig. 1, an eye 10 is shown comprising a comea 12, a pupil 14, and a

lens 16. If the combination of the cornea and lens does not provide adequate vision,

the cornea can be modified in accordance with the invention to modify the refractive



cornea 12 by cutting via a neans for renoving 19, such as a scal pel, via
cutting, this thin layer being on the order of about 0.2 mMm.in {ﬁééckness
with the overall cornea being about 0.5 mmin thickness. OndeZtl 2803

| ayer 18Waodcusz6and renoved fromthe cornea, it exposes fikstsaRd second
opposed internal surfaces 20 and 21 resulting from the surgical procedure.
Advant ageously, it is the exposed inter_nla7| surface 20 on the remaining
part of the cornea that is the target of ‘the ablation via the exciner

| aser. On the other hand, the cut internal surface 21 on the renoved thin
| ayer of the cornea can also be the target of the laser, as illustrated in
Fig. 18 and discussed in further detail hereinafter. As seen in Fig. 3,

t he apparatus used in accordance with the invention conprises a source of

~a |laser beapo@2r ofitheadinibihab ' nagm 24, and a gui ding mechani sm 26,
all aligned adj ac_egetzi ﬁFrQE eye 1 %%ﬁgég}%p%ﬂe& ‘Briagregyicomisticvisiome TRBis ifhe

_ laser beam &¢HQEIRkis t bpdlveartviges tih Y i ' r_of the argon-
fluoride or,, g -f'lj'&llgri de type. Thi1ﬁ?yg)§dﬂeaée§?§\ﬂamoﬁﬂﬂ?ﬁgfgﬁé t he
tissue of the —coOf RESTHPE §12 2 gisarsdos semovingi10hsuth B a1 Oia COAEY ik NI

whi ch woul dthir tiyky beifl & 5 | iove tisgue. This ablation renoves~desired
portions of_ the corne% a%getogcﬁegro&@ogﬁﬁ f % thigkaiess withi tba ovierdlheomea

curvat ure thringdiout §emadh usitiabse Oy nin Figs. .3 and 10 is
essentially_a conventiagnal optical g?g%ﬁ?%glg %’sﬁsgﬁpﬂd %‘é‘l‘%@ﬂ&%ﬁm al
orifice 30 YA L&RPIsEs irsh andsssend oppated tistesalstirfackadh ?.hd%i 7:8%,? a

mani pul ati GRe , ajgr’é?éd 32 %augzlr ed to the diaphragm e-(!ji a %W%
advant ageousl y gupp rred o dvEiRagrosaly: Kdas thesesposediimemaligigidees o ga St and
36 on base ré@ainiiypafrdfehd 1:ng I i gphragm i s _opaque to |aser |ight
and t hus when the | aser isr%%a?g%etlgg]% oﬁ?ﬂE&Fﬁgﬂ’a‘P&ﬁFﬁ rfxcimendader. @ass
therethrouéﬁ?%‘h@h@ﬁathchet mtdrﬁzilammzms'gemgil@ﬁm,g&gﬁgffafan e used in

conj uncti oy wi th gt}e tg#i dil%g mechani sm 26, to be desc b 85 1 FarRRacaTet ai |
herei nafter, tO Testel the @E@é@@%@ﬂé%ﬂ&scﬁ@ﬂ&ﬁpwﬁéﬂhe
size of théefetfi®er bra,,, passing to the guiding nechanism 26, or it can be

used by
As seen in Fig. 3, the apparatus used in accordance with the invention

comprises a source of a laser beam 22, an adjustable diaphragm 24, and a guiding
mechanism 26, all aligned adjacent the eye 10 and supported on a suitable base 28.

The laser beam source 22 is advantageously an excimer laser of the argon-
fluoride or krypton-fluoride type. This type of laser will photoablate the fissue of the
cornea, ie., decomgosc it without burning or coagulating which would unduly
damage the live tissue. This ablation removes desired portions of the cornea and
thereby allows for modification of the curvature thereof.

' The adjustable diaphragm 24 seen in Figs. 3 and 10 is essentially a
conventional optical diaphragm with an adjustable central orifice 30 that can be
inc;eased or decreased in radial size by a manipulation of a lever 32 coupled to the
diaphragm. The diaphragm is advantageously supported in a ring 34 that is in tarn
supported on a stand 36 on base 28. The material forming the diaphragm is opaque to
laser light and thus when the laser is directed towards the diaphragm, it will pass
therethrough only via the orifice 30. The diaphragm 24 can be used in conjunction
with the guiding mechanism 26, to be described in more detail hereinafter, to restrict



itself to provide ablation of the exposed internal surface Z%amz a.LQrnea
at its center. This is illustrated in Figs. 7-9 where a sub8t Eai?@ﬁ

di sc- shwpen/sasdsat ed portion 38 is fornmed in the central ﬁé‘ﬂ%'ﬁ)?bs'hfﬁtefnal
surface 20 by directing the |aser beam 22 through orifice 30 of the

di aphragm 24. By nodifying the size of jghe orifice, the disc-shaped
abl at ed portion 38 can be varied in size. Also, by varying the size of the
orifice over tinme, either a concave or convex ablated portion can be
formed, as desired. As shown in Fig. 9, once the ablated portion 38 is as
desired, the previously renoved thin layer 18 is replaced onto the cornea
in the ablated portion 38 and can be connected thereto via sutures 40. :

Because t M sibd af ¢@ 198 He ndB:idS 1S s Q. .7 .S sentially a uniform
cylindrical gepr essjon in t%ﬁégﬁ%ﬁ@@?%@ﬁ%ﬁ 056t caprherrsed dyt hi n
corneal | 3y to argvids ablaion of the exposerlLintetidl serige Z{f@fap&‘frﬂ%aartiié r eased,

yer = . g
t hereby nodify refractiye power of the cornea an ens yIStem As
-seen in Fig. 18, | wz{llusgfkflsmub&f t%09 vithsret d csubstantialy discishaged38blaggd i s

ev
capabl e oportieh33 ¥EeinRed & @d r a.suitabl e conventional notor,
whi ch can, be coordi nat ed to°g¥%"§?é§ ogarclI §F5‘tﬂ‘;"°c){l8@8rﬂ‘?eﬁ€-@8§l¢le$ert he

orifice alcafb22dyaugh onifice 30 oftbe dRAHhERRAN24 NBY HSd .12 and 13, the
gui di ng :@gﬁ{‘y m?zcg an be util idﬁégd in adggtlonﬁa’%géfeﬁl%e I %%“'ﬁ?e’the
di aphr ag aﬂiﬁa @leid Poriosy38 cagtive varied inlsizec kBBAby vEinE B 5k 38
mechani snthe @rifive GVREGhA lofin@dyant ageous for faormng an annular abl ated
portion 42 in surface 20 ao se&fTRC € §onveK ablaigd nostiers san he formedpesr al |

ortron 4215 spaced T omg vy ot Ao iFportod 1 iF e Ui M-SR S 50
and when rpwgvg‘f %ﬁl fgyg:; ¥8 issieplacet] omtorthe camee i the apRitediortisn B Rh@E&HpANd
overal | coraion Beld Flp MBS 02 "DEC 2003 W 00151528 18, PCT/ US0O/ 05285
Because the ablated portion 38 as seen in Fig. 7 is essentially a uniform
cylindrical depression in the exposed internal surface 20, when the thin comeal layer
18 1s replaced, the curvature of the cornea is decreased, thereby modifying the
refractive power of the comnea and lens system.
As seen in Fig, 10, lever 32 is used to vary the size of orifice 30, and is
capable of being manipulated by hand or by a suitable conventional motor, which can
be coordinated to provide an expansion or contraction of the orifice as necessary OVGI;
time, :
As seen in Figs. 3, 11, 12 and 13, the guiding mechanism 26 can be utilized in
add‘ition to or in place of the diaphragm 24 to guide the laser light onto the cornea.
This guiding mechanism 26 is especially advantageous for forming an annular ablated
portion 42 in surface 20 as seen in Figs. 4-6 for increasing the overall curvature of the
cornea.
As seen in Figs. 4 and 5, this annular ablated portion 42 is spaced from the
center of the exposed internal surface 20 and when the previously removed thin
corneal layer 18 is replaced and sutured, the thin layer tends to ‘be more convex,
thereby modifying the overall curvature of the cornea.



the size of the laser bra,,, passing to the guiding nechanism 26, or it can
be used by itself to provide ablation of the exposed internal surface 20
of a cornea at its center. This is illustrated in Figs. 7-9 wherkeD&C 2803

subst antwealobyisdé sc- shaped abl ated portion 38 is forned i§§¥ﬁﬁ centr al
exposed internal surface 20 by directing the | aser beam P%ﬁﬁﬁ‘orifice
30 of the diaphragm 24. By nodifying thﬁ;size of the orifice, the

di sc-shaped abl ated portion 38 can be varied in size. A so, by varying the .
size of the orifice over tinme, either a concave or convex abl ated portion
can be fornmed, as desired. As shown in Fig. 9, once the ablated portion 38
is as desired, the previously renpved thin layer 18 is replaced onto the
cornea in the ablated portion 38 and can be connected thereto via sutures

40. Because theaAahldesh g8 Pigkt ki P7338,a5,.5¢en in Fig. 7 is essentially a
uni form cyl i ndfical deprgss?g231 ﬁlet %E%%Wﬁ%ﬁﬂmsmatstaﬂdAMen

the thin cBiPReMING a8y 46,1Bis ring BPHAE @ Fadibie irkess . of the cornea.is
decr eased, 4 eby. jodi fyin tghe r ef (ri:ldé%"'ilﬁ\se poc\!)\lgtrtg%lggtr‘??gssc%r g | ens
ik, hick? i, isdousatins
33(;stemcI As See Z FoPagne é’d@gr_rhﬁlﬂ:, lsslg .h mgwﬁgﬁbﬁdﬁﬁszf%fnﬂchﬂce
, and | exténs; nipul af e and or a sul e
convent i onal rr%fﬁor, %F%ﬁhg%ﬁagggg@gﬁaﬂgﬁggBﬁatﬁjélymnd\si/iddalﬁmivndm'then or

12 and 13, the: gui i ng, mochant Seeaa carw B il el Fnd 3 e omteror in

12 and 13 mt_}ﬂe ‘gui di ng nmechani sm 26 can
pl ace of tPREaeH iﬂ#éégf%aim moengagament it apatiod 58Rhpittdd S Gl 863, THi S
gui di ng mﬂ?%@ﬁ&éoﬁﬁ eci?ézl y. advant ageous for form ng an annufar
abl ated portion 'n s iBéocne Bty wofates gear §$ grd dise 60 or i ncreasi ng t he
overal | curvat Uthe difc S0eitse3PHRE lh Figs. 4 ang‘t)S thi s annul ar
abl at ed pgsrtion 42 is spaced fr%r%é}agéﬁ%gﬁ éarugb‘%rt‘ﬂ'éﬁ"éx Jerngd, therein|
surface 26SSspfialinGomtdne rpdiel/ édgﬁdnﬂdmm?m' HIMG ind r,.18 i
repl aced ur t thin | ayer tends to ggmﬂ?@%ﬁ\%‘%ﬂwfﬁg by
Wi Adpecpti

modi fyi ng t NG “over3Prcegt hedpn apd bpttemef e orifice 6AGroa/ k7 Baralif) MI26EEC 2003
and 68 on which 2 masking cover 70, which is U-shaped in cross section, is slidably
positioned. Thus, by moving the masking cover 70 along the rails, more or less of the

- . /
orifice 64 is exposed to thereby allow more or less laser light to pass therethrough and
onto the cornea.  Clearly, the larger the orifice, the larger the width of the anmular

ablated portion 42 will be. By rotating the disc, the orifice 64 also rotates and thus the
annular ablated portion 42 is formed.

Embodiment of Fig. 14

Referring now to Fig. 14, 2 modified guiding mechanism 72 is shown which is
sin'1ilar to guiding mechanism 26 shown in Figs. 11-13 except that the size of the

orifice is not variable. Thus, the modified guiding mechanism 72 is comprised of a
ring 74 on a stand 76, an opaque disc 78 which is rotatable in the ring via a suitable
motor, not shown, and a slidable masking cover 80. Disc 78 has a rectangular orifice
82 extending diametrically there across with paralle]l rails 84 and 86 on top and
bottom for slidably receiving the masking cover 80 thereon, this cover being U-
shaped for engagement with the rails. The masking cover 80 has its own orifice 88
therein which aligns with orifice 82 on the disc, Thus, by sliding the masking cover s



PCT/ USO0/ 052R5 80 along the rails of the disc, the |location of the
intersection of orifice 88 and orifice 82 can be varied to vargztb@ﬁrmﬁal
posi ti owobosises overal | through orifice formed by the co‘ggi nat1on of these
two orifices. As in guiding mechanism 26, the masking 80°GHYSHEES78 -are
ot herwi se opaque to |l aser |ight except,.for the orifices. Enbodi nent of Fig
. 15 Referring nowto Fig. 15, a secoha frodi fied gui ding mechanism90 is
shown for directing |laser light froml|aser beam source 22 to the cornea 12
along the desired predeterm ned pattern. This guiding mechani sm 90
conprises a mrror 92 universally supported on a stand 94 via, for
exanple, a ball 96 and socket 98 joint. This mrror 92 can be pivoted

relative t&mﬂ&ﬁgﬂfe&ﬁﬂs&qﬁ%m Ehgjpun.i versal joint by nmeans of any suitable
piée -

devi ces, %téch ?bsﬂtv\o sma BHERof thesingarscoiibi off oeifiga e dnf®rifider or at
90 i nt er vakstan gy vaziedrpvary fieGhdial fi e ric or 100 having a pl unger
102 coupled thereto a ngagi ng Itmsgfdr&e%f?@%fov W@Dth‘qugér‘)@ﬁ foumed byi zed

de
with a sprlenﬁorﬁ aﬁ%l‘??é@ﬁﬁﬂitﬁ’g arifieep| W30 r pelfthe Rk Eﬁi@lis@i Qg %gmrg%lé]r]gr E[n g |
0 a base’ st an

nul | posi tbeir 80 LR t-Qr i.s rigidly coupledt
108. The second piagggeﬁe%%gg@wﬂﬁ‘??Haﬂuﬁ&m%M¢xwpmwmd&ﬁi&@,d so that its

pl unger engages the rear of the mrror 90 fromthe |ocation of notor 100:
By using these two notors, springs and plungers, the mirror 92 can be
fully rot%ﬂaF i§ersal joint to direct the |laser beamfrom source
22 onto the ¢ 12 tqQ ‘abl gte the cornea in a predeterm ned pattern.
Enbodi ment of g{’ﬁs.ﬁi%!“i“ﬁ?ez:f&aﬁﬁi fecapdmadifiedysuiding raeshahibm 90%4@0 di fied
gui di ng nfee diredtaip ek Lokt for ablating a cornea 12 via directing
|l aser light from g;glser gglogr%gg %5.b%isgurcﬁl;g?tﬁt@%ic@@ﬁ@iiagh@dhaﬂeﬁmd |
basi cal | Pfé@‘i?:m pattenty.| Thid gt HOAS) .ng_an aque first end-
115 rot atsggl - recei ving the end AT Eeré%g?l}lﬁﬁ%egﬁlqﬁ“ﬂ%%ww The
second en &%?"@?ﬂ% Sﬁﬂ%@r@mlbmﬁﬁcbéo@bét@s%ﬁﬂu?hgirﬁﬁmﬁl@\éi ng 0 2
DEC 2003 MO RO AYRA retdibe "5 bS58 %h the waiveral
' Y € universal joint by means of any
suitable devices, such as two small piezoelectric motors which engage the miror at
o :
90° intervals. For example, such a piezoelectric motor 100 having a plunger 102
coupled thereto and engaging the rear of the mirror can be vtilized with a spring 104
surrounding the plunger and maintaining the mirror in a null position. The motor 100
is rigidly coupled to a base 106 via a stand 108. The second piezoelectric motor, not
shown, can be located so that its plunger engages the rear of the mirror 90° from the
location of motor 100: By using these two motors, springs and plungers, the mirror
92 can be fully rotated in its universal joint to direct the laser beam from source 22

ontp the cornea 12 to ablate the cornea in a predetermined pattern.

Embodiment of Figs. 16-17

Referring now to Figs. 16 and 17, a third modified guiding mechanism 111 is
shown for ablating a cornea 12 via directing laser light from laser source 22. This
modified guiding mechanism 111 basically comprises a cylindrical housing 113
havin_g an opague first end 115 rotatably receiving the end of a fiber optic cable 117
therein. The second end 119 of the housing comprises a rotatable opaque disc having



a flange 121 engagi ng the housing and an-external gear 123 which in turn
engages pinion 125, which is driven via shaft 127 and notor 129. Thus,
rotation of the pinion results in rotation of gear 123 an 1 Rk &8 opaque
second ewd od%B529f the housing. This second end 119 has a gtﬁgﬁﬁéhgally
oriented rectangular orifice 131 therein which receives £ nd’ of
the fiber optic cable 117 therein. That _end of the fiber optic cable is

ei ther dinmensioned so that it fits farﬁﬂy tightly into the orifice or there
is an additional suitable assenbly utilized for maintaining the fiber
optic cable end in a predeterm ned position in the orifice during rotation
of the second end However, this end would be novable radially of the
orifice to change the position of the annular ablated portion formed by
utilizing 3 lpg h i chani sm Enmhodi ment of Fig. 18 Referring now to
Fig. 18, ragﬁi‘égr‘g?%g%%{.gn}sﬁf@géﬁ GEeRKismelogesal1 23 uvhioh dn 2 @ipabhe
cornea 12,p 1285pwhick U¢ a6 v thin corneal |ayer 18 can
be abl at ed lHt ilizing the app‘gggl%ag{slisﬁh%%l{ﬁ | réﬁa %ﬂ?s 1ofakigniof ghe pinion

appar at us T6i1§ rotagon of igeare12Bsentl thusahe @ypequ2adeko fr.omthe
eye and ”’ﬁﬁsi&é{%&?&@‘b in the patient_?s¥§§/e to %5?‘%31?%gq%{€?\93§'ﬂ$e of
the patient's conbrne C@Fﬁég?m%PﬂbfW@W&nglﬂmmwﬁﬁﬁeﬂ%ﬁ{ﬁhﬁh

i ncl udes tréiveURESHhH L.ght adj ust abl e di aphragm 24, and
a gui di ng ms(I:hani sm g%eﬁdrtﬁfdéggls%%%g 2R eﬁ’é‘é@ﬁw 15betiend of ithe et apticsuppor t

the rat hefableiisrsitheratimensonddi so ther el faﬂy%{r%ﬂi%ﬁtﬁét%%%fiﬁll C.O[%I‘i ses a
g y

pair of | %r Ii%]?t transparent cups 136" a HEdS @Bget her
in a seal @0 trolrsnsembly atiivedrfor tmabiantgethedURr dpaE QABIGRN L e out er

peri pheryppfetehfindel inBsitiGRtNga! r .18. Each of the cups has an i1 nlet pipe
142, 144 Por i nj ect Pﬁ%m%?éns i F‘f‘g%gu%?gr‘t??ﬂ%ﬁﬁthﬁﬁ@?mﬂ@d Howeven thisvi a

punps 146emhavoiiliBbe Byovablengdially SERAE g?ﬂ'i% 4§ gha@%%g!ﬁ?i’giﬁofl%gethfﬂ%g\ Plc or neal
ur

| ayer 18 i intained in the desired curvat SO eam can
provi de a PeEioaprERedbydiringthis medingatécbamisisher ei n. I n order to WO
00/ 51526 -22-0 2 DEC 2003 PCTIUSOCO 0S285 nmaintain the curvature shown in
Fig. 18, the pressure on the right hand side of the thin

Embodiment of Fig. 18

Referring now to Fig. 18, rather than ablating the exposed internal surface 20
on the cornea 12, the inner surface 133 of the removed thin corneal layer 18 can be
ablated utilizing the apparatus shown in Fig. 18. Likewise, the apparatus of Fig, 18
can be used on an eye bank cornea removed from the eye and then positioned in the
patient's eye to modify the curvature of the patient's combined corneal structure. This
apparatus as before ‘includes the source of the laser light 22, an adjustable diaphragm
24, and a guiding mechanism 26. In addition, an assembly 134 is utilized to support
thfe rather flimsy removed thin corneal layer. This assembly 134 comprises a pair of
laser light transparent cups 136 and 138 that are joined together in a sealing
relationship via clamps 140 and engage therebetween the outer periphery of the thin
corneal layer 18. Each of the cups has an inlet pipe 142, 144 for injecting pressurized
air or suitable fluid into each via pumps 146 and 148. By using this pressurized
container, the thin corneal layer 18 is maintained in the desired curvature so that the
laser beam can provide a precise ablated predetermined pattern therein. In order to



| ayer is slightly greater than that on the left hand side. Once the thin
corneal layer 18 is suitably ablated as desired, it is repl aceguﬁgc t he
exposed wotsesml surface 20 of the cornea and varies the cur vh oAl08 he
overall . cornea as described above and illustrated in FiF§3/USQ0/@5285 -
Enbodi nent of Fi'gs. 19-27 Referring now.to Figs. 19-27, a patients live in
situ eye 110 is shown for the treatnert-of nyopia in accordance with the
present invention. Eye 110 includes a cornea 112, a pupil 114, and a lens.
116, and is treated in accordance with the present inventio-ii wthout
freezing the cornea. Correction of nyopia can be achieved by decreasing the
curvature of the outer surface of cornea 112 (i.e., flattening the central
portion ofmbieris H QR {S 1§ -ac | i shed by first cutting an incision
118 into the epitheli uarun% hé%?h%glgligge Pi¢&use on thd fightdiand eide WrYiRtnf '
strai ght, laymw@ighﬂa‘fgeahlma@mn&eiéf?h&dgn | ong and about 3.0-6.0 nm

away from the c((;’r%]éee 311;igcorneal 112. aseror spatula (i.e., a

doubl e- edge :kni ! comsgbilayer I iscsuitak) b4 ' or,nea 112.. As seen -
in Figs. mﬁ%séﬁ’ MoTaTors Lir,rECi $p0n. £18 is ngde, g&é%g%%eg’ Sy ropdaced g ¢ ed
into incision 118 10 sep%\ A°8 20,p1ithe spmagn aade*arieétﬂdam&&%%%% elaf]t O

first andcemeaasldesofBesSsbvie3hLgE ,u_Fégr.f ces, 122 and 124, thereby Creating
an intrastromal or internal pocke 1849 internal surface 122 faces
in the posterior direction of eye 110, while second internal surface 124

faces in gh8 eriqr.direction of eye 110, and both of these surfaces
ext end raﬁmﬁwﬂﬁ% 47t he center of the cornea. As seen in Fi gs. 19
and 20, pocket R&RSrih t ving spatula 120 back and forth within
an intrastronal areaégﬁggrﬁ atf%‘fg?ap sEsiliygdnisitnteyatlda is slenin Re mpocket

Lioml area of " _ | ocket
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Bownan' s ifiRéiiodRGithout freezing the comea. e Gil ent

Correction of myopia can be achieved by decreasing the curvature of the outer
surface of comea 112 (i.e., flattening the central portion of the cornea). This is
accomplished by first cutting an incision 118 into the epithelium of comea 112.
Incision 118 may be curved or straight, and is preferably about 2.0-3.0 mm long and
abqut 3.0-6.0 mm away from the center of comea 112, A laser or spatula (i.e., a
double-edge knife) may be used to make incision 118 in cornea 112,

As seen in Figs. 19 and 20, once incision 118 is made, a spatula 120 is inserted
into incision 118 to Scparate an intemal area of live comea 112 into first and second
opp'osed internal surfaces 122 and 124, thereby creating an intrastromal or internal
pocket 126. First intenal surface 122 faces in the posterior direction of eye 110,
while second internal surface 124 faces in the anterior direction of eye 110, and both
of these surfaces extend radially relative to the center of the cornea.

As seen in Figs. 19 and 20, pocket 126 is created by moving spatula 120 back
and forth within an intrastromal area of comea 112. It is important when creating
pocket 126 to keep spatula 120 in substantially a single plane and substantially



Preferably, spatula 120 is about 3.0-12.0 nmlong with a thickness of about

0.1-1.0 mm and a width of about 0.1-1.2 mm Spatula 120 may [ﬁ% ﬁ ﬂ}tﬂby
curved, as seen in Fig. 20, or may be straight. Wile a spat

shown | woro@sis2el9 and 20 for separating the internal surf or nea
112, a fiber optic cable coupled to a | aser beam source na?f@%mﬁ%g%
|nstead of spatula 120 to separate corsga 112 into first and second opposed
internal surfaces 122 and 124. As seen in Figs. 21 and 22, after pocket
126 is formed, a fiber optic cable tip 130 coupled to a fiber optic cable
132, which is in turn coupled to a laser, is then inserted through
tncision 118 and into pocket 126 for ablating a substantially circular

area of cornea 112, thereby renoving a substantially di sc-shaped portion of

cornea 1!L@gemdidorﬂ1acdmﬁﬁ's$ﬁl@ﬁﬂﬂs&%’d gser beamemtted from
tip 136 %ﬁ?e di gect ed upon either fl)rfgsg)ge% ¢ mrtl%{ﬂ ﬂﬁf%&”'@@?ﬂgﬁéond
I nt ernal 's ;igmbraneand r enoves t hr ee- di nensi onal portions
therefromvia %’EO&O er OB'[I ¢c cable can be solid or hollow as
desired. The Iaser 28R f’ist?@P PTI@Qméongmiﬂmﬁdmmam@ty a
| ong wav@[leln@hhn, dnidfa wides of A5R% 0,18 S an erbi um or hol mum

1348 el Sﬁ%"%l%ﬂ‘mﬂﬁ e shghsly qurveds asle or

| aser, or a shart wavel ength, UV-excinmer

kr ypt on- fi¢6B 4 Hig- ?QMm%hbssumglne of laser will, photoablate the
intrastromal ty e of the1 ﬁor nea, i.e-, decorrpose it wthout burning or
coagul ating. FI'gs° Eaua; 120 js s awe in fRigse 19 addez{érﬁtbr sapafa’tﬂgrtﬁé iRaRapf t he

tip of ash[-ﬁ%s&%i-&ang I n )ﬁg nea In Fig. 25, tip 130 has
a substanti gflxdl szt rai ght” %ﬁg&ﬁ(@ %@8&? P%E@m&@ﬁﬂ@whthﬁd to the
tip. As dJog @agﬂaaao tbisepd3R cotdda AN #AY ANt 2P led surface for
directing, the am at an acute angle o tragl ra@g%%MSZG-M
P asdp Ythe tip

0 2 DEC 65285re|at|vetothet|pto aldln abl ating the
cornea as desife 130" has a curved end for bending the
| aser beamto al %eaﬂﬁ FF#?] tzaﬁlg Zéogﬁ%ré"’&getd]e?sﬁi isdgrmed, a fiber optic cable tip

130 coupled to a fiber optic cable 132, which is in turn coupled to a laser, is then

inserted through incision 118 and into pocket 126 for ablating a substantially circular

arez of cornea 112, thereby removing a substantially disc-shaped portion of cornea

112 to form a disc-shaped cavity 126", The laser beam emitted from tip 130 may be

directed upon either first internal surface 122, second internal surface 124, or both,

and removes three-dimensional portions therefrom via ablation. The fiber optic cable
can be solid or hollow as desired.

The bsa sou‘rce for fiber optic cable 132 is advantageously a long
wavelength, infrared laser, such as a CO,, an erbium or holmium laser, or a short
Wavelength, UV-excimer laser of the argon-fluoride or krypton-fluoride type. This
type of laser will photoablate the intrastromal tissue of the cornea, i.e., decompose it
without burning or coagulating.

Figs. 25-27 illustrate three different configurations of the tip of a fiber optic
cable for ablating the cornea. In Fig. 25, tip 130 has a substantially straight end for
directing the laser beam parallel to the tip. As seen in Fig. 26, tip 130" has an end with
an angled surface for directing the laser beam at an acute angle (;f preferably 45°



As seen in Fig. 23, cornea 112 is shown wth the substantially disc-shaped

cavity 126' forned at the center of cornea 112 just after ti pnl %E@%}QB?G”
removed V¥@A@0/sERéor to cornea 112 collapsing or flatteningpcthfsg 'bsiﬁss aped

cavity 126" can be varied in size and shape, dependi ng upon the anount of
curvature nodification needed to corrggl the patient's eyesight.
Accordingly, any three-dinensional intrastronal area of the cornea nay be
renoved to nodify the cornea as desired. The intrastromal area renobved can
be uni formor non-uniform For exanple, nore material can be renoved from
t he periphery of the cornea than fromthe center portion. Aternatively,
nore material can be renpbved fromthe center portion than fromthe

per i pher aFelafieato thedip toesit g hhigfin | aher jons_of the cornea result
%p "staﬁgﬂggéﬁt%gﬁ%r??gﬁ'@f » R 300hasa aft er

in an incrlg%gg of, .the curvature o

the col | af £ for & Hbﬁrlaser@eaa.tommgimegéﬁeags%s?&&er pocket 126

is abl ated and g £e130 fpign?gled the ablated cavity 126 en col | apses

under nornal eye pressure t PRGBS shewa: with ﬁlbrsabstaiﬁhﬂijﬂﬁwﬂﬁfp@aernal
0

surfaces q@yityal?6' forrhetl @ficReAter Jﬂ‘k@o’%néﬁohggﬁﬁ?@%ﬁgaéprﬁégﬁbi ni ng the

intrastr&n&%&grﬁga o%ﬁheﬁ:ﬂornea dect eas g removed end r al
portion Ece 122 codapsingsordiattanin |TE@§QS—3§£[5&HQ:' n.dines toits
new shagﬁ%ﬁﬁg in F{ﬂg)e;11 24. After % period of ti &%ggggﬁﬁpﬁ&ﬂﬁthe
patient's healing  fipRsnding ynoa the amotnt of chrvetse Inecaificatidn te@Ued 85 K
t oget her ,cotestihkipafernt'd cdedi RES; dification -of the cornea's curvature.
Enbodi nent of Fi Igg 28-%1 %g?gr ring gﬁ\ﬁ“ﬁ)"@?’&@"mm@ﬁﬁ@@ @¢dof s shown
for the tthesgomsatmay bayepod to nedi §0he WdeFea st fesfBP! ﬁ%’éﬁg’% di rent of the
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present ipvention, and.includes a cornea 212, a pup #f%ens 216,
the cor nég‘“gg‘?%a“tP%‘H{lﬁﬂmrtnﬁeﬂmﬁﬂmezbmample, hovetoRdterid Han 8k ¥EAbved '
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: cornea resuit in an increase of the curvature of
. the center portion of the cornea after the collapse of the peripheral area.
_ As seen in Fig. 24, after pocket 126 is ablated and tip 130 removed, the
ablated cavity 126" then coilapses under normal eye pressure to recombine ablated
first and second intemnal surfaces 122 and 124 together. This collapsing and
recombining of the intrastromal area of the comea decreases the curvature of the
central portion of cornea 112 from its original shape shown in broken lines to its new
shape as seen in Fig. 24. Afier a period of time, depending on the patient's healing
abi'lities, the ablated surfaces heal and grow back together, resulting in a permanent
modification of the cornea's curvature.

Embodiment of Figs. 28-31

Referring now to Figs. 28-31, an eye 210 is shown for the treatment of myopia
in accordance with another embodiment of the present invention, and includes a
cornea 212, a pupil 214, and a lens 216, the cornea being treated without ﬁ’ccﬁng it.
In this ede@eng correction of myopia is accomplished by first making a plurality



surfaces 222 and 224 at each of the incisions 218. First internal surfaces

222 face in the posterior direction of eye 210, while second |
surfaces 224 face in the anterior direction of eye 210, andchogmﬁi‘;@b%d

radi al | ywiedoiisne to the center of the cornea. Spatula 2 ave a
straight or curved blade with a maxi num di-anet er of abouwgoa’. 28 m - A

| aser nmay be used instead of spatula 220,t0 nmake incisions 218, if
desired. Incisions or unablated tunnels 218 extend generally radially
towards the center of cornea 212 fromits periphery. Preferably, incisions
218 stop about 3.0 mmfrom the center of cornea 212, -although incisions
218 may extend to the center of cornea 212, dependi ng upon the degree of
nyopia. Incisions 218 will normally extend about 3.0-10.0 nmin |ength,

agai n dependifiigdially d@eced i hange ired in curvature of cornea
112. Wile only rﬁg%rm i‘ncis.oﬁ';“"ﬁs %&E%d‘égﬁ s‘ﬁﬁam flat pig; on blade spatalee?20:t 0

t hose ski | | ddefnincisionar2] 8t sephrateniy | JoEreR | . on-.radi al urved, or
~ ot her shapes, ? V%ggg%fat i?ﬁ i nci gi oir?iseigllgsmlmti%eﬁn@p X PPP?Jse‘ae‘Bf?%e

spatul a 220 4t Aleash of Kheyineisizin 268 5 Fist ieal SurfRbESSE Blceqnd

puncture th%edﬁéﬁ%tﬁ%ﬁ&?mnl %Ben‘%gane. Once intrastromal 1 ncisions 218

have been created w th spatul a2 ¢ le ssponds intermat surfaces 324280 dauhbed t o

a fiber optantedebtiec?ior e 1Al ' ' ted into each of the

i nci si ons 218 fer_abl ating funn’elﬁ‘g& Bg% %’gg]ﬁ]lgﬁi@@i ?%ﬂw i Wetheeater ofthe peam

enitted frofffd Seatila g0 pay diaver steaightur tusic beidd Mtﬁhnidi&ﬁhﬂf&a%g%l; §ﬁe

- 222, secondabdulg q[_@gl surfiice 224, or hoth for ablating tunnels d
rempvi ng t hr ees di nEASTBNAY 25 5y, used dasigadief spatle 220 wsmalidiinclskRBI213PUT Ce

-for cabl e 28detifedadvant ageously simlar to the | aser source for cable 132
di scussed above. Referring nowto Figs. 30 and 31, a pair of ablated
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Fig, 31, colgledirof &mea 212; although incisions 218 may extend to the center of cornea
212, depending upon the degres of myopia. Incisions 218 will normally extend about
3.0-10.0 mm in length, again depending on the amount of change desired in curvature
of comea 112. While only radial incisions have been shown, it will be apparent to
those skilled in the art that the incisions may be non-radial, curved, or other shapes.
When creating incisions 218, it is important to keep the spatula 220 in substantially a
single plane so as nf)t to intersect and puncture the descemet or Bowman's membrane.

Once intrastromal incisions 218 have been created with spatula 220, a fiber

optic cable tip 230 coupled to a fiber optic cable 232 and a laser is then inserted into
ea'ch of the incisions 218 for ablating tunnels 226 to the desired size. The laser beam
emitted from tip 230 may be directed upon either first internal surface 222, second
internal surface 224, or both for ablating tunnels 226 and removing three-dimensional

portions from these surfaces.

The laser source for cable 232 is advantageously similar to the laser source for
cable 132 discussed above.

Referring now to Figs. 30 and 31, a pair of ablated tunnels 226 are shown. In
Fig. 30, comea 212 is shown with ablated tunnels 226 just after tip 230 has been



shown after ablated tunnels 226 have col |l apsed to reconbine first and .
second internal surfaces 222 and 224, thereby flattening cofired 12003 n

ot her vwodessif2bi s col | apsing and reconbi ning of the int rﬁt@&%l area of
the cornea decreases the curvature of the central portiono Piea 212
fromits original shape shown in brokejglines to its new shape as seen in
" Fig. 31. By collapsing intrastromal tunnels, this allows the outer surface
of the cornea to relax, i.e., decrease surface tension, thereby permtting.
flattening of the cornea, Enbodi ment of Figs. 32-35 Referring now to Figs.
32-35, an eye 310 is shown for the treatnment of hyperopia in accordance

w t h anot her 2¢nb0di ment of the present invention. Eye 310 includes a
cornea 3lmayveguapdpridido taimdisnd . rrectio . hyperopia can be
achi eved i nacf[q%gg' ng. t he cur vgﬁlﬁéﬁgf’@a{%ﬁ%& 2’&2‘%%0%‘*»89@?&218&3 312
(i.e., mekORG J@&ﬁmclpamﬁhm aifllapied t6 QEREHIAD Fitkt &‘é&l% WL nout
freezing gugﬁcwgndgﬁsthis acconpl i shed by making a plura |fl>}mgf
intrastromal incisions or ?rﬁ%éﬁgﬁ gomre 12 dpather vdd@q) thie collapeihg r st and-

second oppdgechmbingip el ths witAGE5 P .. 324, Tunnels 318 extend
substantial ]y radially towards the%g%?g%e%m%ao casep the curygiure of ithet

equal | y SFaE@@ortieripffomemAL) Gofilifs arigingl Hebwnin repnt to those
or fewer-tunne o Wi h vﬂar?g‘?nn%&gﬁgtl M&s apart

skilled i : i hat r

may be rrasg%t?eh&dg%érf&irﬁ& ggoﬁalf ellansingnintrestramal vannels, thiixdatidwiHeonBeeded
The i ni t isatfacet 8P th cgRida"Y kdig S{ Ons;.0r tunnel s 318 of Figs..32-35 is
sinilar to the initial Ot ehp;&%#’ ir‘r%ki%ﬁgfe?sﬁc fistensign.othergbys perzgitisg
Accor di ndaftening af theacod®. i s similar to spatul a 220 di scussed above.

Li kew se, a laser nmay be used to nmake incisions or tunnels 318 instead of.
spatula 320. Once tunnels 318 are created, a fiber optic cable tip 330

ext endi ngﬁgogﬁﬁ't%?@i%;o%‘j% cable 332 is inserted into each tunnel 318 to
direct a _ - r first 0 2 DEC 2U WO 00/ 51526 -27
PCT/ US00/ 0528 Refértitg rmvat 16 WFibaC-352an 5600 i MRS S Wid 488,324 or both

I nt-ernal hsurfaces to )
yperopia in accordance with another embodiment of the present invention. Eye 310

includes 2 cornea 312, a pupil 314, and a lens 316. Correction of hyperopia can be
achieved by increasing the curvature of the outer surface of cornea 312 (i.e., making
the central portion of the cornea more curved), without freezing the comea.

This is accomplished by making a plurality of intrastromal incisions or tunnels
318 with a spatula 320 to form first and second opposed internal surfaces 322 and
324. Tunnels 318 extend substantially radially towards the center of cornea 312.
While eight equally spaced, radial tunnels 318 are shown, it will be apparent to those

: ski.lled in the art that more or fewer funnels with varying distances apart may be made,
lc'iepending upon the amount of curvature modification needed.

The initial step of making incisions or tunnels 318 of Figs. 32-35 is similar to
the initial step of making incisions 218 of Figs. 28-31. Accordingly, spatula 320 is
similar to spatula 220 discussed above. Likewise, a laser may be used to make
incisions or tunnels 318 instead of spatula 320.

| Once tunnels 318 are created, a fiber optic cable tip 330 extending from fiber
optic cable 332 is inserted into each funnel 318 to direct a laser beam on either first



coagul ate an intrastromal portion of cornea 312. As seen in Fig. 34, a
point 326 at the end of each of the tunnels 318 is coagulagg?.Q@Eqmmyably,
coagul ation points 326 he substantially on the circunferen of atcircle
concent rwo owista26t he center of cornea 312. The size of theEif§hRsiser M ng
coagul ati on points 326 depends upon the anmpbunt of curvature nodification
needed. Likew se, the nunber of coagulg&'gn points and their positions in
the cornea depend upon the desired curvature nodification needed.

Coagul ating intrastromal points of the cornea 312, such as coagul ation
points 326, with a |aser causes those points of the cornea, and especially
the collagen therein, to heat up and shrink. This |ocalized shrinkage of
the intrastromal portion of the cornea causes the outer surface of the

- cornea to bsernhhkugmad 300 R did-n_a posterigr direction at each of the
el dF&aSt hath  meernaly surfices to

coagul ation points, and thereby causés "1

curvat ure efaguipte awintmatramalkmetion of &Kirfea 3. |; Atk th h

. abl ation, Jer?d gcc%tn%e{'hshed by using a tImélser %?/i&#gﬁ?%\u}é{lgﬂ’é‘?azé\ﬂﬁgﬁ
essent i al | c8ok¥ © IBARAAH P18 iiss senrgulatetl. direfeteblys dogmieRsh Fbﬁtsvwhgngt hs
associ at edsudsafiti [ / |ight .and short ultraviolet Tight.

Enbodi ment  of Fi %W%%%ser %é@%ﬂﬁeﬁn r §f agrcle gonceptricnith fhe cgnter bfisemed o

renove cordi@al The siseiof the diked: foemkid 4 ip the cornea 112 or to
formthose cavities, a rotating dr%%%ggﬂbgh@%q@?ﬁe? BERH&GW“&WM ary
or osci | | &f HEvEBHcmodificatien cegrede Likevtisep tabhahiort dFeeoakBHEn pBihte Hid | NO-
Li kewi se, Ly 8§iﬂ§§si§%t abl e gechgni cal_ device can be used to'renpbve the
corneal tissub or formt REREAYTRTE dpomthe desized enrmgtura modificationmezded.such as

a vacuum tube,leﬁg%%mggglﬁbgﬂ{enmﬁ%%i t’iS‘ggl_fromt e cavjty the

ti ssue rempved fromthe cornea E ment” 0 PRPSBE - 28 4
2 DEC 20032PCVitysdesensasss tre¢ poiniswf thevortea,#nd $spedfil The ollideh Bein, | 1 ve

in situ e 0.1s_shown, f the _treatnent of hyperopia or nyopia and/or
i mpr ovi ng¥§ h%étt %@535%1 ot SB?‘:qhéﬁg\?]ﬂ@kage of the intrastromal portion of the

comnea causes the outer surface of the comea to be tightened or pulled in a posterior

direction at each of the coagulation points, and thereby causes an increase in the
overall curvature of the cornea as seen in Fig. 35. Coagulation, rather than ablation, is
accomplished by using a laser having a wavelength which essentially cooks the
corneal tissue and which is between the wavelengths associated with long infrared
light and short ultraviolet light.

Embodiment of Fig. 36

As seen in Fig. 36, rather than using a laser to remove corneal tissue in the
cayities 126 formed in the comea 112 or to form those cavities, a rotating drill tip 400
suitably coupled to a rotary or oscillating power source can be used to ablate the tissue
by cutting. Likewise, any other suitable mechanical device can be used to remove the
corneal tissue or form the cavities. A suitable evacuation device, such as a vacuum

tube, can also be used to aid in evacuating from the cavity the tissue removed from the

comea.

Embodiment of Figs. 37-45




opaque portions of the cornea in accordance with the present inveﬁ&&ggﬁéﬁhe
eye 410 of Figs. 37-40 and 43-45 includes a cornea 412, a pudl 2 4 'a
| ens 41&0@rmisdés treated in accordance with the present Iidotvlﬁ%im@fhsv"i t hout
freezing any portion of cornea 412. Correction of myopia and hyperopia can
be achi eved by nodifying the curvaturggzof the outer surface of cornea 412,
i.e., flattening the central portion of a cornea in the case of myopia or

i ncreasing the curvature in the case of hyperopia. This is acconplished by
first cutting an incision 418 into the epitheliumof cornea 412 as seen in
Fig. 37. Incision 418 may be curved or straight, and is preferably about
2.0-3.0 mm |l ong and about 3.0-6.0 nmaway fromthe center of cornea 412. A

| aser or a doRdferrmgdaRvkil Figs. 10 ke incigsion 418 in cornea
412. As seen in Figs. 37-40 ‘g‘%g 43'?% , g%éel%ierf@isétﬁﬁ’eég 15 showym dor thespat ul a-

or |aser U5pBIsEL of hypeiopiacer inyopiai amdicsi ioprodind at ' rnal area
of live cgé&%% g%& int@h first_ and secolg]gropp%ge%ﬁ{ﬁf%?%gﬁgﬂr&%ég?gﬂz and
424, ther eby crEQY TR IR PP HMsaccardanceowith theepresdnt rocktibn 4 Tbeage ignot he
previ ous efPRdi BRAGD i85 ;. 7. Fir internal surface, 422 faces in
the posteri ofggdi rect@gnﬂc;?gi/%@df%& CoTA 'gltzgé‘c%’ﬂ?& it Adenssitd, snd 1424

faces in treafedhin eacoondanber edthi the ﬁs@yqn%gon%&qtﬁ)e% g%g(eg? surfaces

ext end radi al I%/lsi;e'l ative to the center of the cornea 5‘?01’4? can
have cor n€¥P*dtssue renoved fromeither or both of-internal surfaces 422

and 424. |In ot d Lpternal, surfaces 422 and 424 of intrastronal
pocket 426 canbgg%nat% gcfh gép T gyﬁ%‘m‘ﬁé’aﬁ é%l\ﬂchﬂ‘?."ei y arodifiiing) the
renovi ng afrvithee of theyut! susfabd of 8SmAz %12%.,4%@%@%8&“&%%50}&% of 2

particularly desirable to renove opaque areas 0 ornéa
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2.0-3.0 mm long and about 3.0-6.0 mm away from the center of cornea 412. A laser
or a double-edge knife may be used to make incision 418 in cornea 412.

As seen in Figs. 37-40 and 43-45, once incision 418 is made, a spatula or laser
probe is inserted into incision 418 to separate an internal area of live cornea 412 into
first and second opposed internal surfaces 422 and 424, thereby creating an
intrastromal or internal pocket 426 as in the previous embodiment of Figs. 19-27. .
First internal surface 422 faces in the posterior direction of eye 410, while second
internal surface 424 faces in the anterior direction of eye 410, and both of these
surfaces extend radia'lly relative to the center of the cornea 412.

‘ Pocket 426 can have comneal tissue removed from either or both of internal
surfaces 422 and 424. In other words, internal surfaces 422 and 424 of intrastromal
pocket 426 can be ablated or cut to define a cavity. The ablating or removing of the
internal surfaces 422 and 424 of cornea 412 is particularly desirable to remove opague
areas of comea 412, Alternatively, the internal surfaces 422 and 424 of cornea 412
can be removed by a scalpel or a diamond tipped drill similar to the embodiments

discussed above. Pocket 426 can be created by substantially the same method as



single step by a laser or a cutting nechanism Alternatively, none of the
corneal tissue can be renoved frominternal surfaces 422 and ﬁ?;.née §&%wn
in Figs. 37-40 and 43-45, once the pocket 426 is formed, an ocu

mat er i al wA280/6524430 i s inserted into pocket 426 by a tool %?p d&ﬁ%%
material 428 or 430 as used herein refers to transparent T solids
or any conbination thereof. In the exanpes of Figs. 3840, the ocul ar
material is a gel or fluid type material 428, which can be injected into
pocket 426 via tool 450. In other words, in the exanples of Figs. 38-40,
tool 450 is a needle for injecting ocular material 428 into pocket 426. In
exanpl es of Figs. 43-45, the ocular material is a flexible, resilient ring
shaped nenber 430. In either case, ocular material 428 or 430 can have

ei ther the pFerBudleiisagdsene 0f&ﬂ§%% kptrastr ti ssue of cornea 412
or a different re%‘eractlve i ndex I’%CI%%F‘ﬂg é’?f’ ré% 6§95 %%,808F B MRea

412. Thus, Smgée e&sltuha daserhm PetttingtmeBihibe, mﬁe&a&&wy ore b ﬁIe“{cmeal

nodi ficati and/% ging the refractive index. reover
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In either case, ocular material 428 or 430 can have either the same refractive
index as the intrastromal tissue of comea 412 or a different refractive index from the
intrastromal tissue of comea 412. Thus, the vision of the patient can be modified by
curvature modification and/or by changing the refractive index. Moreover, the
patient's vision can be modified by merely removing opaque portions of the conea
and replacing them with ocular material with a refractive index the same as the
intrastromal tissue o‘f cornea 412.

In the examples of Figs. 38-40 using ocular material 428, pocket 426 can be
ov|erfilled, partially filled, or completely filled to modify the cornea as needed. The
cavity or pocket 426 can be filled completely with the ocular material to restore the
normal curvature of cornea 426 as seen in Fig. 40. The amount of ocular material
introduced to pocket 426 can be increased to increase the curvature of the comea from
the original curvature to treat hyperopia as seen in Fig. 38. Altemnatively, the amount
of the ocular material introduced to pocket 426 can be reduced to decrease the
curvature or flatten comea 412 from the original curvature to treat myopia as seen in

Fig. 39. This method is suitable for correctly vision of 12 diopters or more. After the



pocket 426 is filled, the internal surfaces.422 end 424 of p ck%ﬁ!;d%&ﬁorre
together to encapsulate ocular material 428 within cornea 412 . ’

sur f acewdhamdismnd grow back together, resulting in a per nt :
nodi fication of the cornea's curvature. The ocular materi gf%%i%o’?ﬁ?f%ct ed

I nto pocket 426 can be any suitable rqa%‘?ri al that is bio-conpatible and
does not visually interfere with the patient's eyesight. Preferably, the
ocular material 428 of Figs. 38-40 is a transparent gellable collagen such
as gelatin in an injectable formwhich is available from various conmerci al
sources as known in the art. Cenerally, the collagen to be used in the
present inventionis atype | collagen. O course, ocular material 428 can

be a trangppekeals of filltd, 3RS IiGENLS | e pol mer gel such as a

silicone %el (F)];l an i {lfde’ctao euﬁp%mt(ﬁgﬁﬁéﬁga@ﬂm %429r®hﬁrmgbﬂacr facul ar
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sem -solid rraterlaluaggﬁg ovvn P ?"12%1 al‘é& 426 can §s ang buitibldinsgergs ed
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seen in Eig. 37 so that ocul ar rrxal%.leljra'lﬁ ﬁ}e E@fﬁgf’ %0’3 fn e ipreseant ed

i nto pockayentivg Iaﬁm@cdlagdn a@ﬁubmélﬁacﬁmrmé@&idl%% ngm,g‘%gr éo Ceul ar
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PCT/ USO0 FBS closure that ocular material 428 can be any suitable polymeric

material. Of course, ocular material 428 can be a flexible solid or semi-solid material

as shown in the examples of Figs. 41-45 discussed below regarding ocular material

430 which can be made from collagen or synthetic polymers such as acrylic polymers,
silicones and polymethylmethacrylates.

Referring now.to the examples of Figs. 43-45 using a solid or semi-solid
ocular material or implant 430, tool 450 is utilized to insert ocular material or implant
43'0 through the small opening formed by incision 418 in the external surface of
cornea 412, as seen in Fig. 37 so that ocular material or impiant 430 can be implanted
into pocket 426 and centered about the main optical axis of eye 410. Ocular material
or implant 430 is preferably a resilient, flexible member, which can be folded for
insertion into pocket 426 through the small opening formed by incision 418.

The ocular implant 430 is made from a bio-compatible transparent material.
Preferably, ocular implant 430 is made from any suitable transparent polymeric
material. Suitable materials include, for example, collagen, silicone,



pol ymet hyl met hacryl axe; acrylic polyners, copol ymers-off nethyl

net hacryl ate with sil oxanyl al kyl nethyl acryl ates, cell ul og g

butyrate and the like. Such materials are comer ci ally avaii abl e from
cont act wensssigauf acturers. For exanple, optical grade s kil. Q‘ﬁgﬂ

avai l able from Al'l ergan, Alcon, Staar, Chiron and |ol ab. 50 I'ca gj
acrylics are available fromA I ergan a p Al con. A hydrogel |lens nateri aI
eonsi sting of a hydrogel optic and poI yrret hyhnet hacryl ate is available from
Staar. Simlar to the fluid type ocular material 428, discussed above,
solid or sem - solid ocular material or inplant 430 can overfill, partial
fill or conpletely fill pocket 426 to nodify cornea 412 as needed. Wile
abl ati on or renoval of intrastronal tissue of pocket 426 is required for
decr easi nopdiymetbyinvabastFaef aGHH een |n Fi or for

mai nt ai ni ?ﬁ% the ari gl nal “cur vat uE@lyﬂ’fje ¢orR eg@érmthw@te with such
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for increads‘%g elf'c %/Pg]tgiee of cornea 412. 1n any event, PR TARbORt of
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shape of @aﬂeagmmbeﬁgeag desired resu tant shape of cornea
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oval ring. In the enbodi nent of Figs. 41-45,

|
ggﬂl 2: m{:ﬁédcﬁlet 42%3’? ﬁ‘??oigg“ﬁ%%n%tbﬁl%ﬁ‘@tmeﬁ%@mﬁﬂléﬂﬁsecncn Fige di4t ace
el fd‘aﬁ‘ﬁmm” £ P ool $BHAGOR! EEbanted NPT setflnEl oY b v

I nwardly towards the center pos C WO
00/ 51526 #kiatianIe0Lnse8®f uﬁ@sn‘omal tissue of pocket 426 is not necessary for increasing

the curvature of cornea 412. In any event, the amount of intrastromal tissue to be
removed, if any, from pocket 426 depends on the shape of ocular material 430 and the
desired resultant shape of cornea 412.

As seen in Figs. 41 and 42, ocular material or implant 430 has a substantially
annular ring shape with a center opening or circular hole 432. Center opening 432
aliows intrastromal fluids to pass through ocular material or implant 430. Preferably,
ocular material 430 has a circular periphery with an outer diameter in the range of
abeut 3.0 mm to about 9.0 mm. Center opening 432 preferably ranges from about 1.0
mm to about 8.0 mm. The thickness of ocular material 430 is preferably about 20
microns_to about 1000 microns. It should be apparent from this disclosure that ocular
material 430 can be a partial ring or a full ring with a slit. Moreover, ocular material
430 can be an oval ring.

In the embodiment of Figs. 41-45, ocular material or implant 430 has a planar
face 434 and a curved face 436. Planar face 434 forms a frustoconically shaped
surface, which faces inwardly towards the center of eye 410 in a posterior direction of



eye to contact internal surface 424 of pocket 426. Curved face 4&%@%\]
shaped to forma corrective |lens or shaped to nodify the cur Pat 4h e
412 as weabsisigFigs. 43 and 44. O course, ocul ar nateri}atlaréé%% 3@3 be
shaped to repl ace opaque areas of cornea 412, which have 6’ i ously
renoved, and/or to forma corrective |legns w thout changing the curvature
of cornea 412 as seen in Fig. 45. Werl Zent er opening 432 is about 2.0 mm
or smaller, center opening 432 acts as a pin hole such that the |ight

passi ng through is always properly focused. Accordingly, ocular materi al
430 with such a small center opening 432 can be a corrective |lens, which
Is not severely affected by center opening 432. However, when ocul ar

mat eri al ' ter.o ILng 432 greater than about 2.0 nm then

ocul ar rrgyt%e)tro %ﬁ%&%t&ng%sﬁaﬁgﬁgﬁ# Ppgl??éggé-t arvechfice 486 aat buaiipedas as the”
i nt rast r ofomin 4 torfattive MnsGR BRI D Liying Lhe shape of cornea 412
and/ or replacjn (‘)}paque ar eas of %‘?ﬁ%ﬁ{ %ﬁﬁ%@%ﬁ%&%ﬂg%f%aﬁﬁwmz. of
cour se, a%mm%o ficonsseopcudaunaterinht30 tal bd 8Rapedad rBi& @p;{qrﬁég?eg;ioye i ndex”
differe”tcofrﬁé%”lfﬁ%i‘rﬁilaﬁ omal t|ssue of cornea 412 to correc

asti gmat | She o 4 NEUER have PIEISlY wnovedgamdor to fgneatcetrettianieapout 2. 0

nm  The agightik cRAngiy thale 4%&&@5&&1@:%%/83{1 Eigf)gﬁcor rective power

produced by ocular nateria can be angi ng the thickness,

the shape, theéWoen eenterbpniieat3258 dbenit 4.0 ehm T &afbs LBEE | g{?”i ng 432.
Mor eover, inst.eaﬁl of using a continuous, uniformring as" i Ehial din

Figs. 41%nt M3 bolefush that dhe dight Imssing theough is miwayst propefly Uich@em
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Oiss ho‘ﬁﬁ_téﬂ 480 Sndst ﬁﬁélg%h h%];re the same refractive index as the intrastromal tissue |
of cornea 412 for modifying the shape of cornea 412 and/or replacing opaque areas of

the intrastromal tissue of cornea 412. Of course, all or portions of ocular material 430

can have a refractive index different from the intrastromat tissue of cornea 412 to
correct astigmatisms or the like, when center opening 432 is greater than about 2.0
mm.

The amount of curvature modification and/or the corrective power produced
by ocular material 430 can be varied by changing the thickness, the shape, the outer
diameter and/or the size of the center opening 432. Moreover, instead of using a
cqntinuous, uniform ring as illustrated in Figs. 41 and 42, ocular rﬁaierial 430 canbe a
ring with non-uniform cross-section in selected areas as necessary to correct the
patient's vision. In addition, ocular material 430 could be replaced with a plurality of
separate solid or semi-solid ocular implants at selected locations within pocket 426 of

cormea 412.

Embodiment of Figs. 46-53




hyper opi a or nyopia and/ or inproving vision by renoving opaque portions of
the cornea, in accordance w th anot her enbodi nent of the present

invention. Eye 510 includes a cornea 512, a pupil 514, and & pebfEC 9083 As
i n the woR¥ispidg enbodi nents, cornea 512 is treated V\Ath% fgﬂg/ zing it. In
thi s enbodi nent, correction of hyperopia or nyopia or re 2\ 5:Zéf)aq'ue
portions can be acconplished by firstagaking a plurality of radially
directed intrastromal incisions 518 wfth a flat pin, |aser or bl ade
spatula simlar to the procedure nentioned above discussing the enbodi nent
of Figs. 28-31. These incisions 518 separate cornea 512 into first and
second opposed internal surfaces 522 and 524, respectively, at each of the
i nci sions 518. First internal surfaces 522 face in the posterior direction

of eye 510, WRrGHIECONG { NELLN urfaces_524 face in the anterior
direction of eye 51%, ancfbg%gﬁ %é(tsg’n g a1d j showr e tho tichmenenfer of

cornea BYperopiacirsmyosiaGmndisrak] ; xtend generally radially
towards the center gli?lacor_ nea g:?iéZﬁ?gr tg&n%}(?flg%%%lggﬁn@r %a%geﬂogf%l%f,th? nci si ons
518 st op “HfGhtRAcgordan¢e with anothet entbedimént asfrihe présbas iﬁ%ﬁmjgﬁ‘éé gfé si ons

518 may enter, cornea 512, dependi ng upon t egree of
hyper opi g‘ég@e%g’g?{é’.g %Ilgtﬁ1 EP%SE?Jla@d\H leps f6.nAis|ip theptesivs almbodim#nfd; 10. 0 nm

in Iengtmmeegﬁﬂsmaﬁa%ﬂgmgp.egm grount of change desired in curvature of
cornea 512. Wi-te onLy radi al 1 NCTSions have been shown, it wll be
apparent to tHothis embodiewnt, wotbetionr f kiRkordif 8r bAGHSI non-radi al ,
curved, it her shapes. \Wen creati n)gﬁi%ﬁlci ngﬁ?b§1%@¥lsc%?%% ant to
keep the s'f%%’i‘wﬁ“o © 3cquraplished shipsfitshiteking a plimdite ofl ARISOJASIRPL t O
| Nt er seGhtradhbo Bkl st cengf. or Bowman's nenbrane. Once

dhs ?’g‘g Ry G‘{l‘ng%’:ni’tﬂl» 3P 4O Q?@Fbmau%t%ﬂ@ram thet i p

i ntrast romatql91 i nci sions 518 have b
coupl ed Rrecegiufd pntioped aboab| disbéing tha S&hbshele LonaLl.y inserted into
each of .the- ipcisions 518 for ablating tunne g 5?2%1591 gg%‘es:ﬁ' size, if

needed JPCRI8ET P &%) SePARic gotnepSd2 Mo FirviCuEyeEaP 6ppddd REFHE) SRRLQSD5
and 524, respectively, at each of the incisions 518. First internal surfaces 522 face in

the posterior direction of eye 510, while second internal surfaces 524 face in the
anterior direction of eye 510, and both extend radially relative to the center of cornea
512.
Incisions or unablated tunnels 518 extend generally radially towards the center
. of comea 512 from its periphery. Preferably, incisions 518 stop about 3.0 mm from
the center of cornea 51‘2, although incisions 518 may extend to the center of comea
512, depending upon the degree of hyperopia or myopia. Incisions 518 will normally
extend about 3.0-10.0 mm in length, again depending on the amount of change
de$.ired in-curvature of comea 512. While only radial incisions have been shown, it
will be apparent to those skilled in the art that the incisions may be non-radial, curved,
or other shapes. When creating incisions 518, it is important to keep the spatula or
laser in substantially a single plane so as not to intersect and puncture the descemet or
Bowman's membrane.
Once intrastromal incisions 518 have been created, a fiber optic cable tip
coupled to a fiber optic cable and a laser can be optionally inserted into each of the
incisions 518 for ablating tunnels 526 to the desired size, if needed or desired. The



| aser beamemtted fromthe tip may be directed upon. either first internal
surface 522, second internal surface 524, or both for ablatifg D&Englly 526
t o sequeyd badilsye and increnmental |y renove three-di mensional portions from

these surfaces. The laser source for the. cable is advant’ 99/85283 mi-| ar
to the |laser source for the cable as g scussed above. Alternatively, a
drill or other suitable mcro-cutting Thdtrunments can be used to

sequentially and increnmentally renove portions of the cornea. Referring to.

Fig. 46, a plurality of radial tunnels 526 are showmn with a suitable tool

'550 projecting into one of the tunnels 526 for introducing optical

material 528 into tunnels 526 to nodify cornea 512. Ccular naterial 528 as

used her eildyef BSBH Sodiffed LA rent flyids or solids or any conbination

thereof. In tge exanpl e%-f'é'][}ﬁgﬁﬁ??ayﬁ- ted ypom githerdfiret intimd 38rfhse spgel or

fluid typgoendenicxhal susfack 324N 0P @it kS SN 0 po%ets 526 via tool 550.

Pr ef er abl in this case, tool 550 is aibz%élglémf%lf & sequgntiglisuland
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solid i nmpéRmte u materi al may be introduc i Ato po %6, Al so,
ocular materr gcfr %%Béa%gen g@gnf@g Hmilar iathe leser soirve fhikehedde dif f erent

or the sagiscussed siove] Miersitive y of .cornea 512 as needed and/ or
desired, whether the ocul ar fé#&%ﬁ)§.%l rﬁ‘“éﬁg’ie, MICrewhitimgonstumento odn nat i on
t her eof @%@msmmﬁ@bfmﬂmapmbﬁ@uym&feip%}ﬁé%%grﬁég&%gd into the abl ated
tunnel s 526 pands £9hf‘e outer surface of cornea outWard to change or

i 18+t e 2 Pélity|of pedialitammetsf 52608 8howh it Pk

nodi fy the curvat

ori gi nal te$ia5sd inl ines to_i .new shape shown in fu | i nes.
As seen in Fi gs?@?-S%%ﬁ@%gﬂ% "Z&ﬁ?ﬁ fqrdﬁﬁeqi%cl@ep@@a& mhaferfiall 5280 with .

ocul ar  Aeiodmiadls 526 to maliRTdomda aock il &he 47 nderfill pockets
526 (Fig. 4&3gor C.g%lr’rpl etely fill %ﬁ%‘?ﬁ%&‘*?ﬁ%ﬁ 2y @%ﬁﬁi&fﬁ}w%
i nt r oducTRYSRASsRtfmds absalids apany oqmbinaﬁomﬂieﬂdb&iaﬁnitﬁﬁw&e&%@%@# the
curvat ur g_-:,o{,mﬁ?lr ﬁ%@%r%% gafl be varjed at different areas. Sim 'ar‘17y,
sel ected tunnels L2808 g9 fiwid fype magarislewbioh danl bedhjected detoect ed
areas, WpbtietosdeviSRoess6d i e.partially filled, conpletely
filled \3@2 DEC 2003 V\O!igg?S%Z Blys i il 85e ot 530 1 a mecdi€ Sor Injecting

ocular material 528 into pockets 526. Of course as in the preceding embodiment, a

solid implant or ocular material may be introduced into pockets 526. Also, ocular
material 528 can have either a refractive index, which is different or the same as the
intrastromal tissue of cornea 512 as needed and/or desired, whether the ocular material
s a gel, a solid or any combination thereof

As shown in Fig. 47, optical material 528 injected into the ablated tunnels 526
expands the outer surface of comea 512 outward to change or modify the curvature of
thc' central portion of comea 512 from its original shape shown in broken lines to its
new shape shown in full lines.

As seen in Figs. 47-53, the various radial tunnels 526 can be filled with ocular
material 528 to overfill pockets 526 (Fig. 47), underfill pockets 526 (Fig. 48) or
completely fill pockets 526 (Fig. 49). Thus, by introducing various amounts of
optical material into pockets 526, the curvature of cormmea 512 can be varied at
different areas. Similarly, selected tunnels 526 can be overfilled or completely filled
at selected areas, while other selected tunnels can be partially filled, compietely filled



PCT/ US40/ 45285 or unfilled to collapse or decrease the curvature of cornea
512- at other selected areas as shown in Figs. 50-53. The sel ?iﬁﬁt 2003
alteration of the curvature in different areas of the, cornea ‘afe

parti culvaplysgesi rable in correcting astigmatisns. In thepgﬁggagg%gg
illustrated in Figs. 47-53, the intrastromal areas of tunnels are
preferably ablated by a |aser or cut by. a mcro-cutting instrunent for
sequentially and increnmentally renoving three-di nensional portions of
cornea 512 to formtubul ar pockets fromtunnels 526. However, as in the
previ ous enbodi nent of Figs. 37 and 38, the incisions 518 can be filled

‘Wi th ocular material w thout previously ablating or cutting the internal
surfaces 522 and 524 of cornea 512 to expand the cornea 512 for increasing

" its curvabnuefillébkatdiRgsd heddd lgurfaces of the cornea is
advant ageous t o remv[e@opaquepéaa%g% s abﬁﬁogﬁ?ﬁﬁ‘@%{ﬂ\%ia&ﬁﬂ@éﬁﬁimeﬁlaﬁes filled

with the BYHIWR imeFigei ¥0-53. AShesdoisotive Htdrbtdh ofi8e BRYate Ef{ii?feggg}é“m of. ocul ar
ets

mat eri al Latroduced . i.nto.the ablated areas of poc i %e | ess
then the g%gc&wao?egﬂsﬁ?%ﬁyﬁﬁl@me@C@I@echng@st@naﬁsmmur vature of cornea 512.

Al ternatively, i iR @nBHahe iIQGMEA"; ter'? 28 introduced into the
abl ated areas of pockets g‘%éucan e?o'ﬁgﬁ%st é:]' 35 fhe inprastromal a5ees of gunuedt ai n t he

ori gi nal ¥ vam prefesblicabled bl afes 8Ll hyFhOSicrd Qundd, and 52 odi ment
of Figs. 54-57.Referring now fﬁ% Fi gg. _54}11:5;51)/ g%&e?%%g%lgi Q’Sg'HB’xR/HtE‘g?b

t r eat ment >gre riiacremgigly e threcedimeationdl plﬂﬁéhkbeoﬂlﬁfrﬁéaoﬁ‘ﬁ% i
accor dancgep di nent, of _ the invention using an iInplant or
ocul ar mater %Pn"%g&&%gs @%ﬁ%ﬁ@%&h@%y@o@ﬂ‘ﬁﬁ 35| thel previcusantmalifiz it ofa pupi |

614 and Figend76afid 385 the) tdiGordd’ SY4 e s, .the live eye 610 is
treated without freezing cor nea 6182%3{3 any %S??"%h%‘?‘éﬁfr ,mqt?fmih out

enbodi medFeViguslyigblatingeor ertng thecimemead Sitdctss5d LEE 52BN 86knks GTHi e
center p%ﬁé&p{ %fcq?% aftl»,ll e% s live cornea 612 by cutting using a scal pel or
| aser. " _ et %e 26'PB inczeasing; its qurvatge. tAhlatingithe infermd sutfaGesofm i n
thi cknessheveore® Y@é@ahm@&;&%@&ﬁ@@e 6}%&9]119 a?eap%?thezgoorgea which can then be

filled with the ocular material.

As shown in Figs. 48 and 50, the amount of ocular material 528 introduced
into the ablated areas of pockets 526 can be less then the amount of ablated material to
reduce the curvature of comea 512, Alternatively, the amount of ocular material 528
introduced into the ablated areas of pockets 526 can completely fill pockets 526 to
retain the original curvature of cornea 512 as seen in Figs. 49, 51 and 52.

Embodiment of Figs. 54-57

' Referring now to Figs. 54-57, an eye 610 is shown for treatment of hyperopia,
myopia and/or removal of opaque portions in accordance with another embodiment of
the invention using an implant or ocular material 630. As shown, the eye 610
includes a comea 612, a pupil 614 and a lens 616. As in the previous embodiments,
the live eye 610 is treated without freezing cornea 612 or any part thereof.

In this embodiment, a thin layer 618 of cornea 612 is first removed from the
center portion of a patient's live cornea 612 by cutting using a scalpel or laser. The

thin layer 618 is typically on the order of about 0.2 mm in thickness with overall



PCT/ U500/ 05285 . cornea being on the order of about 0.5 mmin Thickness.
-Once the -thin layer 618 is renoved fromcornea 612, it expqpespff rg}t{’%and
second wpesedsi nternal surfaces 622 and 624. Generally, either or both of
the internal surfaces 622 and/or 624 are.the target of tReTABIASHN by the
excinmer laser. Alternatively, tissue ffomthe internal surfaces 622 and/or
624 can be renoved by a nechanical cutting nechanism or substantially no
tissue is renoved fromthe cornea. As illustrated in Fig. 54, a disc-shaped
portion 626 is renoved frominternal surface 624 by a |aser beam or ot her
cutting nechanism In this enbodinent, internal surface 624 is shaped to
I ncl ude a concave annul ar portion 627. The nethod and | aser apparatus as -
descr i bedcerdpea being okhtie @82 HrFBH: (93 [Fg'ng‘s. 1-10 can be used for renoving
tissue fr&%&gag&ggéeégziupstant alty
I nternal S b Eexpares istGihd § n necessar an

' e%ﬁtpbg% S %{eé%aé ?Feétﬁ%glt ed

annul ar r material 6

' | ant |
portion G%Igg%g]gtg?%g%ggﬁgl%ﬁmf%é bg’%g@%(rth% intemehswdabes 1622 ARV 651 §reOfie COT NEA

612 is tiaeget bEphaaBgHMN LY B! rtion, 626 of cornea 612 to overlie
i npl ant or ocular materi gltﬁgfggﬁeéq%%h Plcgatively e Hisyusefremothe Tinermadsul t i ng

cornea c $e622 audior i6ad caﬁws/?érué@dtgfraem&ﬂ&g&éyé Hg tgﬁﬁ:li:ef'r ac"toirVﬁ
. Bysme Tt he

22
power of ornea and ] ens systemas seen In H gs
ori gi nal %’E’ﬁ%@{%@@%ﬂlﬁ Bpamoecdrenshe eomead and/ or nodified refractive
power as seen Ak he ocul.ar inplant or material 630 in the
enmbodi ment shomdr*ﬁgff‘gé F&%’ia %%%Shél’%@%ﬁm 026 s/ reamoweld efrorn iigrzhape,

and is suwhshertddy ylabetthinGd oth G ' or. acular paterial 430
di scussed_gpove. .Thus, inplant b8 g ARPMen®! 1n 5t bodisnt ieemeiiosed in
detai | wBHecOR8s shaged to melidprawadarcemnolar BRI T G5 05‘5&55' Simlar
to ocul ag, iaglde%mie?hgm 430, ocular material 630 can be a Bt al
ring or a full ring GhR Qe v the, smbodismeny; ofhFigs: b0 omnl be usedlfant or
mat er i al réfévistissae AP I, d: e inner opening 632 is generally
about 1-8 mm The thi cknergs' %ﬂ?ﬁ%@h@}ﬁgfﬁf R 7

After the exposed internal surface 622 or 624 of comea 612 is ablated, if

necessary, an annular ring shaped implant or ocular material 630 is placed on ablated
_portion 628 of cornea 612. The previously removed thin layer 618 of comea 612 is
then replaced onto ablated portion 626 of cornea 612 to overlie implant or ocular

material 630 and then reconnected thereto. The resuiting cornea can have a modified
curvature thereby modifying the refractive poﬁver of the cormea and lens system as
seen in Figs. 55 and 56, or the_ original curvature with opaque areas removed and/or
modified refractive power as seen in Fig. 57.

' The ocular implant or material 630 in the embodiment shown in Figs. 54-57
has a substantially annular ring shape, and is substantially identical to the implant or
ocular material 430 discussed above. Thus, implant 430 will not be illustrated or
discussed in detail when referring to the procedures or methods of Figs. 54-57.
Similar to ocular material or implant 430, ocular material 630 can be a partial ring or a
full ring with a slit.

The outer diameter of ocular implant or material 630 can be about 3-9 mm,
while the inner opening 632 is generally about 1-8 mm. The thickness of ocular

HBlckRRss. "QRFfothe thin ket 618 mxposed -



0 2 DEC 2003 PCT/ US00/ 05285 inplant 630 is preferably about 20 to about
1000 mcrons. Ccular inplant 630 has a planar face 644 formng a
frustoconically shaped surface, which faces inwardly towards [jhe[ Enﬂ@g of
eye 610 wooasspsterior direction of eye 610 to contact th% @ﬁgﬁ [ r
surface 620 of the cornea 612. The opposite face 646 is preferably 3
curved surface facing in an anterior ggfpction of eye 610 as shown. The
ocular inplant 630 can be shaped to forma corrective |lens or shaped to
nodi fy the curvature of the cornea Simlarly, the inplant can be used to
repl ace opaque areas of the cornea which have been previously renoved by
abl ation or other neans. In the enbodi nent shown, ocul ar inplant 630
preferably has a substantially uniform shape and cross-section.

Al ternati itaplgnt 681 Hsatref=rapAn . sui tabl e shape having either
a unifor mland/ or non-uni for mog?ggg(?g%%'?ﬁgﬁgﬁc?é‘ﬁégw %Pgﬂaéﬁé&haﬂe@essary

t o cor r ecPlapdfe faggt 64hforning si drustobemi g ular . gplant ¢ be
used haviw c'h_%:cu%?gr 81‘; tri anqul ar cflr%ss P;%gcfﬁ?}gér%g’ :v%ﬁ%%il%%eﬁdﬂ?@ﬁ%?yt he
curvat ure 0P & HETHEY 0hRYHS10DEi7 pesternr distativheot aye &30t SREdEHhe Var i ous
optical defposéEigbe for e , astigmatisns. Ccul ar 1nplant
630 can bepgadcorrec?ﬁ%gf‘égrqs&vﬁmh? ﬁ"ﬁnﬁ%é?%ﬁsmas fase 16465 peefemblya t 0
correct tdweved surfaveofacingeinpad iagftior HRRc@pUbha vk Mlnant 4. 630 i.5 made from a
bi o- conpat | I?--g{)ans arent meterial. Bre e?ﬁgﬁ@&% 5P°WpI’§?ﬁ°° 0 is
made fror‘]@?ﬁp 839 can @ shapad &p forer cqpoiciiveiehs orfBlizped 8 modify tRDbEvaREL! | al s

i ncl ude, Jffofe X I esim#a(%%%ﬂen H%{ll I cone, pol ynet hyl methacrylate, acrylic
pol ymers, copolyners o t 'i/llﬂ':l 15245 D¢ ased 1p wpplete opaquel arkasybf the

met hyl accptmaehiclcBivelle@s BrevidiRivAlefiol -an e like. Such materials
are conmmercially avail abl g from)?tgntoagétiw@elﬁggnngrré SeEP % s. For exanpl e,

optical grade 18ith¢ ebedingme showil advlar ifaphan ABDEERPably A€ Aub y Chiron

and | ol aQ.£ntigal grade acrylics are available fromAllergan and”Alcon. A
hydr ogel taf:uens R} efig‘é‘ ‘ES?%‘T‘%’PP%g tergatixedy,o getplan gmplnb 630 can be any

Pontos. can be o b dig SR AR, MU itert) roRdRersRin SRt he. mai n
i ngr edi eAteas s nenesEny yoreorreve thopdtiehR0vERh © For @kampR, b BEuIYF ifbidnt'daly 203
be used having a circular or triangular cross section. In this manner, the curvature of a
cornea can be modified at selected areas to correct various optical deficiencies, such
as, for example, astigmatisms. Ocular implant 630 can be 2 corrective lens with the
appropriate refractive index to correct the vision of the patient. The ocular implant
630 is made from a bio-compatible transparent material. Preferably, ocular implant
630 is made from an;' suitable transparent polymeric material. Suitable materals
inciude, for example, collagen, silicone, polymethylmethacrylate, acrylic polymers,
cop'olymers of methyl methacrylate with siloxanylalkyl methylacrylates, cellulose
acetate butyrate and the like. Such materials are commercially available from contact
lens manufacturers. For example, optical grade silicones are available from Allergan,
Alcon, Staar, Chiron and Iolab. Optical grade acrylics are available from Allergan
and Alcon. A hydrogel lens material consisting of a hydrogel optic and
polymethylmethacrylate is available from Staar.
Hydrogel ocular implant lenses can be classified according to the chemical

composition of the main ingredient in the polymer network regardless of the type or



WD 00/ 51526 - 38 PCT/ US00/ 05285 amount of m nor conponents such _as
cross-1inking agents and, other by products , or inpurities @7 DhE 2@)In
monoNerwoldsdi | enses can be classified as (1) 2- hydroxyet hyl
net hacr yl ate enses (2) 2-hydroxyethyl mnethacryl ate-l\l—vipﬁ’?{'ﬁ'sﬂ’ 5285
pyrrolidi none Ienses (3) hydrophilic-hydrophobic noiety copol yner |enses
(the hydrophilic conponents is usuali3¢Nvinyl-2-pyrrolidone or glyceryl

nmet hacryl ate, the hydrophobic conponents is usually nethyl methacrylate);-.
and (4) mscell aneous hydrogel |enses, such as lenses with hard opti cal
centers and soft hydrophilic peripheral skirts, and two-layer |enses.

Al ternatively, ocular inplant 630 can be el ongated or arcuate shaped, disc
shaped or ot her shapes for nodifying the shape and curvature of cornea 612
or for ifHP %W%@%ﬁ“@y@%&@bhgwgemdnﬂm Hyhlg-ogmlya,qure of -
cornea 61 , 63Q can be placed in th
mtrastro%‘?mg!reg]aing %’rﬁ%ﬂgg‘!ﬁ‘ﬁé%d‘%gz %ﬂro% SEPERS: &a a’Pe‘al@Séﬁ%@Bf@)Qhe

cur vat ur ehyﬂ:oxjmhﬂorme&aaa@%tgouénggst t(bFZ-ﬁPﬁfon’%tﬁfrlgV}nda ‘“"F-Y%ﬁ';ﬂ rnea and

| ens system t he enbodi nent shown in ?_8 of

cor nea 6lEyTF‘éh denses; (:Qrfb'ﬂwhﬂm leodpm;ﬂmbichenmwye voF f1aces &g@ and
624 of %@:Fﬁ(} HE%RQQ 15 58 An al ternatlve met hod o

i mpl ant i ng’; ar na I‘E)tns'll | NAvingshrymelidons Ofeglé’cﬂbm@baci’ylaﬁt rated
in Fig. S8e h?ﬂﬁ@hf,bﬁaéd I [ t 6 | anted into
cornea 712 710 t%ponngg?flshflﬁg&gg%ﬁt '?]' ;Sha\E/’}I}i %24 CaBS this
met hod cahycb%ethtlﬁmeéewutbrast Ieasdsr withnBad qﬁudaypeheps %ndnycﬁiﬂ'h?dﬂ{ph?ﬁ&mval of

opaque porI hon af tﬁﬂ? cornea As in the previous enbodi nen
tr eat ment? %’?‘ES 8BFl™SShed wi thout freezing cornea 512 or any

portion thereomtérﬁaﬁ@é@ Ha}l{}ogl?plﬁ}tréﬂ)gcﬁ’ bg u%%efj:%;%%na% s formed |}1

cornea 712 utilizing @& sca aser I n

the art. shapedsomothet shipes dor mbdlfgugtm@moaawﬁmﬁanoft aﬁﬁeabmlaife‘o} o cut
or ablate _an annu] ar-shaped intrastromal DEC 2Q03
improving the vision of eye 610 without modlfyxng the curvature of cornea 612.

Similarly, ocular implant 630 can be placed in the intrastromal area of the comea 612

at a selected area to modify the curvature of the cornea and correct the vision provided
by the comea and lens system. In the embodiment shown in Figs. 54-57, thin layer
618 of cornea 612 is completely removed to expose the internal surfaces 622 and 624

of cornea 612.

Embodiment of Fig. 58

An alternative method of implanting ocular material or implant 630 into an
eye 710 is illustrated in Fig. 58. Specifically, ocular material or implant 630 is
implanted into cornea 712 of eye 710 to modify the patient's vision. In particular, this
method can be utilized for the treatment of hyperopia, myopia or removal of opague
portions of the cornea. As in the previous embodiments, the treatment of eye 510 is
accomplished without freezing comnea 512 or any portion thereof.
In this method, a ring or annular incision 718 is formed in cornea 712 utilizing
a scalpel, laser or any cutting mechanism known in the art. The scalpel, faser or ot
cutting mechanism can then be used to cut or ablate an annular-shaped intrastromal



WO 00/ 51526 -39 PCT/ USOQO 05285 pocket 726 in cornea 712 as needed and/ or
desired. Accordingly, an annular groove is now formed for receivin

ocular material or inplant 630 which is discussed above in 0oztlQ 20Ghe
annul ar g Qp¥gs,for med by annular incision 718 separates cornea 712 into
first and second opposed internal surfaces 722 and 724. FFFSUSPHPEBRhal
surface 722 faces in the posterior direction of eye 710, while second
internal surface 724 faces in the antéfror direction of eye 710.
Optionally, either internal surfaces 722 or 724 can be ablated to nake the
annul ar groove or pocket 726 |arger to accommodate ocular inplant 630. The
portion of cornea 712 with internal surface 722 fornms an annular flap 725,
which is then lifted and fol ded away fromthe renai nder of cornea 712 so

t hat ocul | of erial 630 can be placed into annul ar pocket 726
of cornea?Jr?i]ﬁétawglsglgtgﬁme? ﬁf"b‘.‘ecg L ang/oy dessvh ehrelinglyy a5 anrulatngropvt led over
ocul ar i mabsfor@ed Fod e, X 2 t he renmin of. cornea
712 via sutures or the Iiilzlgg)%gica{:g{r&gfl;laig;?{;mg%tu%g&PﬁgllﬁﬂFcﬁs TER 630

i s now enégdul ated within cornea 712. As in the previous enbodi nents,

ocul ar inplant .or materi al 63%0 can nodify the curvature of the exterior
surface of cor apRylag grogye dormsd: hypannulds incisien Ji 8 geparatas eomies §12 imteat ur e,

or mai nt aigpsttdha SbNR f- &6 [ surface af cornea 712 at its
original curvature. I%H_%ﬁegrmﬁor‘ﬂdg 65?’2? "ﬁnﬂp@ntf‘wtm isAFgaﬁgdzgan
modi fy t héacepit thenidsteriot directidayof@yamI0ehildSecoHd YREHLE sitfack M04G0LRG]R 712
and/ or renovi ng,opaque portions of the cornea and/or %y acting as a

correct i vE BIIQN GFFCHOR RE e¥oY He aOptivraliyneithier dhtefia) suFaeATaR lver72¢dandi nent
of the pr | nyvent i is illustrated utiljizi ocular inplant 800 in
accor dancgé\%lB {aﬁéc{%e&%jr{ééggn?mﬁ%éﬁ?qv&ﬂr H\%‘f‘%t iﬁe@?gqr dg|acgommpdateachiay  of
Fig. 59 ignplalséztially identical to the nethods di scussed above in

reference to Figs. 54-57, and thus, will not be illustrated or discussed
in detail her eillhe pReidnef,cotttee NDVGLY et surface 722 forms an annular flap 725,

which is then lifted and folded away from the remainder of comea 712 so that ocular

implant of material 630 can be placed into annular pocket 726 of cornea 712 as seen
in Fig. 58. Now, comeal flap 725 can be folded over ocﬁlar implant or material 630
and reconnected to the remainder of comea 712 via sutures or the like. Accordingly,
ocular implant or material 630 is now encapsulated within comea 712.

As in the previous embodiments, ocular implant or material 630 can modify
the curvature of the exterior surface of cornea 712 so as to either increase or decrease
its curvature, or maintain the curvature of the en.;tcrior surface of comea 712 at its
original curvature. In other words, ocular implant or material 630 can modify the
pa-tient‘s vision by changing the curvature of the cornea 712 and/or removing opague

portions of the cornea and/or by acting as a comrective lens within the cornea.

Embodiment of Fig. 59

Another embodiment of the present invention is illustrated utilizing ocular
implant 800 in accordance with the present invention. More specifically, the method
of Fig. 59 is substantially identical to the methods discussed above in reference to
Figs. 54-57, and thus, will not be illustrated or discussed in detail herein. Rather, the



-40 0 2 DEC 2003 PCT/ US00/ 052%5 only significant difference between the
nmet hods di scussed regarding Figs. 54-57 and the nethod of Flnqgg ggcimﬁhat
t he thi g awQr2¢316 of Fig. 59 is not conpletely renoved ro or nea 2 of
eye 810. In other words, thin |ayer 818 of cornea 812 is Foried"R’8ising a
scal pel or laser such that a portion  af layer 818 remains attached to the
cornea 812 to forma corneal flap. The "exposed inner surface 820 of |ayer
818 "or the exposed internal surface 824 of the cornea can be abl ated or
cut with a laser or cutting nmechanismas in the previous enbodinments to
nodi fy the curvature of the cornea. Ccular inplant 630 can then 'be placed
between internal surfaces 820 and 824 of cornea 812. The flap or |ayer 818
i s then pimygsinitnsk A Re.corn 81 nd.al l owed to heal. Accordingly,
ocul ar i I%&GBO tctg%fef”ﬁ’%"r’éé%ge?ng%cpgé?gsgﬁ%%?ﬂtf@saﬁdingdﬁgwmmm of eye -
810 as e odaf/Hig. 36 theickha $hing r ague portions of the eye.
Enbodi mernt of Fi 60 and 61 Refer%%eﬁgqﬁg\?vﬁ%ﬁ%)%sn%%%lﬁf?maﬁ%cuI ar

i mpl ant q’rﬁ?‘@F“ggp 6 &0. accordance with the present invention is

illustrated f t,of. h ropLa or opia. In particular, ocular
i npl ant or m%r%ﬁ?%g‘gggi%malaﬁ%g gsﬁélﬁg’lﬁ%ﬁgiis fommied by wsinga sthlpel &s paper
or, thi nikser sghuthar a pSRIANGF REe B .n?d'u;g knel udes a center opening 932
for allow ng intrast ?Jomal fl u??js Etgte;{:épass g@atc\'lkggﬁo %Wegi%agézo(fp%@w ar

i npl ant  6P™&el 8#0- alThg 3xxpogdsinert kutfacec8Boass iaye}l 808 th B%eﬁl 930 i s
construc fa ﬁ uitable tran &arent pol_érreri c material~utllizin
di tfract oS24 08 PR Ref bg ablatedrpreans aith actaser onfeirttimgoaecHagist &d fzed to

cor r ect  tgprbAsibertbodifisiSBloRRIRL R LALOUBR Lhe  cotnea by changi ng he

refractive power of the cornea. % ncé o ARI63030 is

very thi ean thewbe plesed betweas ipapal siefackhBAM 84 3§ﬂgf%g5 k95 L ft%Cerof the '
retain its original shape even af v Har

cornea W || stanti al |
i mpl ant %ﬁ%itﬁ@ P@%@Yb@ki%ﬁewmw@mm alwedao kE‘dEnAbéorHih%!ﬁ is sone
ehange | Gl RR0 b fefad, TSR3 Y00 rvature of eve 810 o

needed and/or desired as well as remove opaque portions of the eye,

Embodiment of Figs. 60 and 61

Referring now to Figs. 60 and 61, an ocular implant or material 930 in
accordance with the present invention is illustrated for treatment of hyperopia or
myopia. In particular, ocular implant or material 930 is 2 disk shape member, which
is as thin as paper or thinner. Ocular implant or material 930 includes a center
opening 932 for aﬂo?ving intrastromal fluids to pass between either sides of ocular
im;I)Iant or material 930. Basically, ocular implant or material 930 is constructed of a
suitable transparent polymeric material utilizing diffractive technology, such as a
Fresnel lens, which can be utilized to correct the focus of the light passing through the
cornea by changing the refractive power of the comea. Since ocular implant or
material 930 is very thin, i.e., as thin as paper or thinner, the exterior surface of the
cornea will substantially retain its original shape even afier ocular implant or material

930 is inserted into the cornea. Even if there is some change in the comnea, this
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the ocular inplant c.- n"_ 930. Ccular inplant or material 930 m&%
inserted into the cornea in any of the various ways discl osed 7 3

pr ecedi nyoewbzdé ments. I n particular, ocular inplant or R@ideghs330 can
be inserted through a relatively small opening fornmed in the cornea by
folding the ocular inplant or material 430 and then inserting it through
the small opening and then allowing it to expand into a pocket forned
within the intrastromal area of the cornea Mdreover, a thin layer or flap
could be created for installing ocular inplant or material 930 as

di scussed above. The outer dianeter of ocular inplant or material 930 is
preferably in the range of about 3.0 nmto about 9.0 mm while center
openi ng 93thahge EnEHEEHDAsABOYY tile Bach Q mm dependi ng_upon, t he
type of vision to beoglgérect ed? I'n pa‘r:{“?ec‘%ﬁg#% Ogg’&ﬂ%g}ari"%ﬁ[;&ht" FSH¢an be
utilized tB0%orrect hyperopia and/ or myopia when using a relatively snall
central openi ngb9 2 such as in the range of to about 1.0 nmto about 2.0
mm However, if-ThE GHRANFRY rategrei®ean heinsatied int the comet e any b€ tiecul ar

i mpl ant  oryaeBhLEERA di930sd .| '! ?g esigned.to correct inmperfections in
the eye such as fﬁo lcor?éngflqgﬁgrgna |é¥?§'.§0q§ el I pasticulsr, ocuiar implaptes onl y
certain amaeid930hen tedubated thiughta RRGVYY smallByRnthd RHHAE L ¥E dJadex Whi ch
S differ%(g’t -om_ t he int_rastrorra%ﬁt i_ssuew(})'f t he “correa, \%ﬁﬁ\e{]&tﬁg’g&a

r emai nder ffOIS’[&‘&H the oqmiardmplant ofmaserial|9309@0 thasinsatingdnthrowdl Métsmas | ndex
as the in I ssue of. the cornea. Preferably, ocular inplant 930 is
made fro m%g‘g%%gg%nhbégft iﬁﬁqv‘él_ng FLIPsBRRRM dnto ﬁaﬁ@g?%f"rﬂﬁa d’ﬁﬂ-‘i-l@ the:Bitrapeomals uch
that it careaf tiioodotach aMBrdovee hideisl byt O dbp eoﬁff%lg'creai’&iﬁﬁk tedl Cécl*}&gcor nea

and then allowed to Q)élpand back to its original shape when "recerv H within
a pocket imPlaREoraBatgEal 930@sdiscussedfaboud.t abl e material s incl ude, for

exanpl e, subst ially. the sanme, set of materials discussed above when
referring to ogﬂft’gﬁtﬁrr%arué%?r %gocﬁtlﬁé?’l’%lﬂt anmalsriab}P) i prelgsablyyinathe vange0 2 DEC
2003 WO 00f 236228.0 mm to about 9.0 mm, while center opening 932 is preferably about 1 mm

to about 8.0 mm depending upon the type of vision to be corrected. In particular,
ocular implant 930 can be utilized to correct hyperopia and/or myopia when using a
relatively small central opening 932 such as in the range of to about 1.0 mm to about
2.0 mm. However, if the opening is greater than about 2.0 mm, then the ocular
implant or material 930 is most likely designed to correct imperfections in the eye
such as to correct stigmatisms. In the event of astigmatism, oniy certain areas of the
ocular implant 930 will have a refractive index which is different from the
intrastromal tissue of the cornea, while the remainder of ocular implant or material
93.0 has the same refractive index as the intrastromal tissue of the cornea.

Preferably, ocular implant 930 is made from a bio-compatiﬁle transparent
material which is resilient such that it can be folded and inserted through a small
opening in the comea and then allowed to expand back to its original shape when
received within a pocket in the cornea. Examples of suitable materials inciude, for
example, substantially the same set of materials discussed above when referring to
ocular implant or material 430 or 630 discussed above. -



- 42 PCTI US00/ 05285 Enbodi nent of Figures 62-73 Referring no Zggﬁi ?gﬁ
62- 73, various nethods in accordance with the present invention w be

di scussewdmrsismdi fying a patient's live eye 1010 to corr atient's
vision. In particular, these nmethods enpl oy many of the p%g%ré&agub%gﬁgf t he
prior discussed nethod for the treatnmegs_of hyperopia, nyopia and/or

I nproving a patient's vision by renoving opaque portions of the cornea- in
accordance with the present invention. Accordingly, many of. the prior

procedures and illustrations previously nentioned herein will be used to
describe the procedures of Figs. 62-73, As in the previous enbodi nents, the
procedures for nodifying eye 1010 of Figs. 62-71 are acconplished by N

treati ng tBmbidimeassfiFig@mes 8p28s of cornea 1012. These procedures can
i nclude increnental |y and sequentially ablating or renoving three-

di nensi onal ~porRSIEHREEIOW tecFignta2a73, variads RE8BdO %Bﬂﬁﬁce]'%iltg tﬁ‘engll ok
I SCUS

i nserting; ; erial 4 430, 528, 630 or 930, as

the pr ece%&hgﬁmﬁ%msgwsﬁé %%E}Qdifﬁmgi g padent'stie Eyer $0105teRoRbct A8

pr ocedur e patierit'® vidigmat & [ [ incision 1018 into the epithelia of
cornea 1012 as seen in %@B&Efﬂ%ﬁﬁng@? HBPOY JRany) ofi he pageaduras ofithe or

' fiscyssed enctlid) £ . : . 3.
3 Bah%“tamg;?} o the.cent or - of - cor nea o1 TP ie St Sl gy O

| ocati on R i4Y%h OY deBomgernaque portionk @f dhs icorma 4R TaEsRR Wi GRS Nea

1012. In pRihRri s, ality of ipcjsions could be nmade if need or
desired in accolfn‘ggﬂ%} \?\} ﬁ?gélﬁélyph@nf’?i%éﬁ{oi' oocgdyegss ansh illastartions

i nci si onsprevioubly mardiened hereinel Helddd Yd I i.ch be any
suitabl e instrynent such as a fiber o\g% ?%chg%ﬁ]%pééﬁg)e@%eﬁ\é@bfgﬁ' éﬁlgéser beam .
a scal pel, or 4SdRdhoAEFvious embodimeints, the ;ﬂmufdg%ﬁmweg}éwﬁﬂ& tool
1020 is ipy grétzgyll mtagcthel.gl&éastronal area of cornea 10I2 via Inclsion
1018 to segdr Ate an T ATFIAPd By bsatne the ynirasgpmehareasiof domea 100Rr Shesnd
second oppossirdsnéRr Mmaluds 24 t reate an intrastronal or
i nternal pocket 1026 as |%§%§%@8%&2§%ﬁ%@%&1 OT-FIOviRg, three-

| nci si on diwesions] popiaisetf the MtrasaOmAP a¥B S cofhed D13 RAA? iflefihd¥alal ST OF
cutting %Qgeﬂlﬁ%l 4?%, SIZQ, 6030201'%%8, zazsoc(l)igcussw above in the preceding embodiments.

As seen in Fig. 62, the first step of the procedure is to create an opening or

incision 1018 into the epithelia of cornea 1012 as seen in Figs. 62 and 63. Incision
1018 may be curved or straight and is preferably 2.0 mm fo 4.0 mm long and about
3.0 mm to about 6.0 mm away from the center of cornea 1012. Of course, the size
and location of incision 1018 depends upon the desired correction of cornea 1012. In
other words, a plurality of incisions could be made if need or desired in accordance
Wxth the present invention. Incision 1018 or incisions can be made in cornea 1012 via
a tool 1020, which can be any suitable instrument such as a fiber optic cable emitting
in a laser beam, a scalpel, or a diamond tip micro drill.

Once incision 1018 is made, tool 1020 is inserted into the intrastromal area of
cornea 1012 via incision 1018 to separate an internal area of live comea 1012 into
first and second opposed internal surfaces 1022 and 1024 to create an intrastromal or
internal pocket 1026 as in the previous embodiments of Figs. 19-27. Incision 1018
and pocket 1026 can be made in one single step by a laser or cutting mechanism, or in

gﬁe’ﬁbove i n



WD 00/ 51526 -43 two steps as needed and or desired. First, internal surface
1022 faces in the posterior direction of eye 1010, while sgﬁgn@ ¢nﬁ@?nal
surface 1024 faces in the anterior direction of eye 1010, % h

these suWDao6ss26xt end radially relative to the center of p 2. .
Pocket 1026 can have its intrastromal tissue renoved from either or both of
internal surfaces 1022 and 1024. In other words, internal surfaces 1022 and
1024 of intrastromal pocket 1026 can be ablated or cut via tool 1020 to
define a cavity. The ablating or renoval of the internal surfaces 1022 and
1024 of the cornea is particularly desirable to renove opaque areas of
cornea 1012. The renoval of the intrastromal tissue frominternal surfaces
1022 and 1024 can be acconplished by either a diamond tipped drill simlar

to Fig. 36Worsteps as acddad and beassieni uc a fiber optic cable

simlar t%g([é?s. §5-27. I tool logl)fspgn%ﬁl?#glgfmﬁgpﬁf@%%@qm@@f

tenpl ate LaRt 5¥e uk410; »ddlet second| inteenal rﬁuﬁﬁ&almgyr%%‘seﬁl %ﬁgéﬂ nd/ or 1024
y afle i

. as seen i RiELgs: 67..,T te 1028 is prefera

resilient ne eroﬁggﬁgg?’r?@da{"’agg{e ceiacescexsendiradially pelative thhQ3Rand a
| aser beaof &draekiglg. portion 1032 such that when the |aser beamis directed
onto the tenplate, the | aser beam passes through the | aser beam

transmitting Beehet 3626 020 hiwt it arGsBOhaPARSe tr&ﬁ&%‘agﬁ&ﬂe%baser r[?gﬁgg]é 1028
ed- Fi g.

bl ocki n tj.on 1032 |n the exanmple illustrat €T OF

i s ci Ircgl %?er%élt P%?éﬂzééa%lpﬂénWMr Né)rdql;;ﬁemalrsulﬁags be2Ngn S Yo5E gptial ly
a di sc-smﬁggjrdm% m bl ocki n ortion 1032 bein

ri ng- shaped and surF%ﬁrqglzﬁgﬁﬁ?gggsg%g‘?ﬁ‘E‘ﬁtéﬂ?g'i?PfW%Qgt%@ﬁﬁﬁemcmwg).The

Accor di ngibjatingtvemembreal lofigiRrinfaal shFacdt 1655 S gj%%%ftthee"(})q' ate 1030, .a

di sc-shapgd. _portion is ablated fromcorrea 1 55" YRR B 2eEruiarh gs.
67-69. It eﬁ!ﬁkﬁe B rEpR eraque @reah of eosiel 108d. | Thet movhl of m%é%mﬁlaser

di scl osur . 1 capn have a variety of shapes wt
beam tr ar?%ﬁ%l%tﬂ%gﬁfgﬁ ?‘%‘ﬁa‘%g@%mﬁ h?@éﬁﬁmlgﬁélhﬁhg quthet 2 diemdddid? bei ng
shaped ! aipped drifinsimilasio g, 3 80eRY MIAYAIARI LRI 2D AL1 Ao L he [t er nal

surfaces of 1022 and/or 1024 of cornea PBI51526
cable similar to Figs. 25-27.

If tool 1020 is a fiber optic cable, then a template 1028 can be utilized to
ablate internal surfaces 1022 and/or 1024 as seen in Figs. 66 and 67. Template 1028
is preferably a flexible, resilient member mcluding a laser beam transmitting portion
1030 and a laser beam blocking portion 1032 such that when the laser beam is
directed onto the temglate, the laser beam passes through the laser beam transmitting
portion 1030 but does not pass through the laser beam blocking portion 1032. In the
example illustrated Fig. 64, template 1028 is circular with laser beam transmitting
pox:tion 1030 being substantially a disc-shaped member and laser beam blocking
portign 1032 being ring-shaped and surrounding laser beam transmitting portion 1030.
Accordingly, when the laser beam is directed onto template 1030, a disc-shaped
portion is ablated from cornea 1012 as illustrated in Figs. 67-69.
It will be apparent to those skilled in the art from this disclosure, that tempiate
1028 can have a variety of shapes with laser beam transmitting portion 1030 and laser
beam blocking portion 1032 being shaped to form any desired predetermined pattern
for ablating the internal surfaces of 1022 and/or 1024 of comnea 1012. Moreover, laser



44 0 2 DEC 2003 PCT/ US00/ 05285 beamtransmtting portion 1030 can be nerely
a cutout in tenplate 1028. Also tenplate 1028 can have slitf 2 ®EAs$083 in
the i ns¥Q9BHSHt tenpl ate 1028 into pocket 1026. Exanpl elsc-g%, ﬂl%(t}%s
possi bl e tenplate configurations are shown in Figs. 72 and § or
controlling the ablation of cornea 1QL43.. Tenpl ate 1028' has a ring-shaped
| aser beamtransmtting portion 1030' and a | aser beam bl ocki ng portion
1032"' surrounding portion 1030'. Tenplate 1028 also has a slit 1034' for-
aiding in the insertion of tenplate 1028 into cornea 1012. Fig. 73
il lustrates a tenplate 1028", which has a plurality of radially extending
lines form ngpt he | aser beamtransmitting portion 1030" and a |aser beam -
bl ocki ng %F’c SPSTIUBR peniioh OL0301 ¢ PO hhd we oLt should al so be
appalren.t tgﬁp:a%)ﬁ%gzlé%d evc‘ll3t slf{{;]s tﬁ?g@% t ﬁﬁiﬁ%ﬁ §8It81§’8§)"éc ﬂﬂa@-h fibe.
tenplate to"be U ‘ un i 'sofita,ﬁﬁﬂn;;' av
vari ety dfg2éshapes, including but not limted to part itgﬁ%gigg%ms%oafsgé,
partial ring fﬁhapes, irregul ar shapes, to obtain the desired ablation
pattern. Si ncéxmphisatf@tted 23sdIbist ' d. through the relatively snall
openi ng 9? i nci si.,on 1018, %?errpl g?lgﬁlfgd;%%#&@fauﬁgsﬁﬁ opa B ign | Rapsied,
‘e g., foPd¥rHEoling thaabledod pf corne DOIGH TeRBIHEION HabG 5.0 1018,

t%llf"g rrgl TSIIP‘F% Bt eri al ,

A di : 28 .i ted-f fl
i o can s CEMRBERAPEY 1h30 Gl Adhser beam iooting peTBmI0s?' SR, LOL5

such t haportioncH30he Teapidry tored to i.ts original shape once I'n pocket
1026. Exanpl es of varfﬂgus flpggiag%oe ?eﬁhitaillog‘;i %EI ddmgt incthe dnsertion @fi al s

“used f or e 4028 nipteacomeB 001311 Fissegiabe rovidi,ng.tenpl ate 1028
W th on&}lg_{_ah?%(r) slits, tenplat eggllq28 can )Eligaetasp%e ggﬁ ag@é@%a :
i nsFr]Ei I'n j ef@?@g@wéfm&egﬁﬁe? beaa @Qﬂ%ﬁﬂ%ﬁ&&%ﬂ fdgpmea ﬁOlZ
is |eft alduRsdrdeas (Lmﬁ%?; . «Joeriod of time such as twenty-Tour hours
to about fort -ﬁju?lhtbl ou %%OHE@OWH@%SH@@WQSBY.ai nits new
refractive p d BlsiosbeDappRfdne FTHINE mr%h oul be, | onger, e.g., up to
one rmnhg gr e]\éqe?n i’lﬁi ghtly | onger. Ngvsvt quéﬁen%%ﬁgmﬁ@scg%&?ﬁﬁéﬂ to
det er mi né® FEWP Alido rised wittethe procddardsusft thiyy inwBiktid Ry v A Ay OF

shapes, including but not limited to partial disc shapes, partial ring shapes, irrogular

shapes, to obtain the desired ablation pattern.

o Since template 1028 must be mmserted through the retatively small opening or
Incision 1018, template 1028 must be able to be collapsed, e.g., folded or rolled, to fit
through opening or incision 1018, Accordingly,  template 1028 is created from a
flexible resilient material, which can be collapsed for insertion into comea 1012 via
opening 1018 such that it can be easily restored to its original shape once in pocket
10;6. Examples of various flexible materials include the same materials used for
ocular implant 430, discussed above, By providing template 1028 with one or more
slits, template 1028 can be easily collapsed for insertion into pocket 1026.

Once cornea 1012 has been ablated, cornea 1012 is left alone for a
predetermined period of time such as twenty-four hours to about forty-eight hours to
allow the comea to obtain its new refractive powers. This predetermined period could
be longer, e.g., up to one month or even sﬁgilﬂy longer. Now the comea 1012 is

examined to determine how the comea needs to be further modified to obtain the
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further nodification is needed. During this predeterm ned sety qtp giod,
t he pocket 1026 and the incision 1018 will not have tinme to o%dwg?éﬁg

heal suahobbaiszd he surgeon can further ablate the internabc§H%$@&5§ 1022
and/ or 1024 of cornea 1012 and/or insert one of the previously Geul ar
materials 428, 430, 528, 630 or 930,ﬁg§ any of the variations thereof as
previously di scussed-above. In other ds, the surgeon can further ablate
cornea 1012 as necessary through small opening 1018 or insert the desired
ocular material to create the desired further nodification. In the case of
‘a solid ocular inplant, the surgeon can insert one ocular inplant and then
exam ne the refractive power of cornea 1012 to determine if that is the

correct ocasiéd VERhaany! furd) urgeon can renmove that ocular inplant
and insert another ocular |§r1{)ﬁn8%$%a§?ﬂ%%3%d : predefamimaé deunt i |

afilsy
t he corr edimeperic; thel popkain! 0J6Sarndae hh&s o 12 via opening 1018.
I n ot her %Es, t hi aq procedure is so&ng%g?%igﬂl{hgfhé‘ge ﬁﬂ’? tgﬁr\’ H¥nat i on
procedur e ¥BrSUFR that therRyrason s urther eblateatht inteabaefackd!l 0INBE PN (A3 Ur geon

I s actuall ' enses W thin a pocket or pockets of a cornea After
the abl at icgﬂ‘{egﬁ?f"? %‘{%‘Jtlgﬁerg%%ﬁ ‘Fftz}E‘F previpusly qoglar anateréale 428,083, 528,1630mte  any
foreign nﬂBﬂmr&n@ﬂffth@vﬁ'izﬁﬁﬂs%W%&}%ﬁo?%?%%gg%})ggghﬁn step can be_

performed as many tines as necessar other Wardgus

tines in theesusgespcan fertlzg ablate daten D01 DEs Sasei ' i rah 8s
cor nea 10%?&& ogcul i opl ant _9%0 i nsertﬂﬁk%ﬁﬁfghrg%%«%%;uﬁgglﬁéglg
ment i oned above, eé%ﬂf%“ﬁ“ﬁ%l%@“@?@cﬁ@eﬁh@ﬂmlftgrﬂzermdiﬁbdztmnt r anspar ent
ol ymeri c mat ey | 4 Zd | | ve technol ogy, such as_a Fresnel
Pon i e cile ofif oo Phlal KRGt d SRS Shscrt ng opier mmpia

| ens, which can be utiliz tng

t hrough t bed denneantive diearagiaogve P&wef ef %@ﬁfehymlﬁoége&eatﬁ%n%g%ﬁgitﬂggthgme

ocul ar 0 js particular [

y seen in Fig. 6 a center

openi ngI gg?%‘]’ Sglé?fn‘?ﬂpéﬁmc dfinatethesigeonaanirembres firae viuius inip e aatsBRert ocul ar
I mplant s ghouRt &hila? ifiplant. This procedure can be continued until the cormrect ocular

implant is inserted into comea 1012 via opening 1018. In other words, this procedure

Is somewhat similar to the eye examination procedure for receiving glasses or contact

lenses, but wherein the surgeon is actually replacing lenses within a pocket or pockets

of a cornea.

After the ablation, it is ofien desirable to trrigate pocket 1026 to remove any
foreign matters and to clean pocket 1026. Such an irrigation step can be performed as
many times as necessary in this procedure and at various times in the procedure as
needed and/or desired.

. Fig. 71 illustrates comea 1012 with ocular implant 930 inserted into pocket
1026. As mentioned above, ocular implant 930 is preferably a suitable transparent
polymeric material utilizing diffractive technology, such as a Fresnel lens, which can
be utilized to correct the focus of the light passing through the cornea by changing the
refractive power of the comea. The ocular implant 930 is particularly seen in Fig. 60
and 61 and has a center opening 932 therein.

Of course, any one of the previously discussed ocular implants or materials

can be utilized. In other words, the ge! or fluid of the previous embodiments may be



can be utilized. In other words, the gel or fluid of the previous
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wi t hi n Wieeoograsieet 1026, and then the surgeon will exam ne &ﬂﬁ ﬁ%ﬁ
determine the new refractive power of the-cornea resultlng ) e
insertion of the ocular material. O urse, the surgeon can adjust the
ocul ar material by adding or subtractlng predetern1ned anounts of the
ocular material, and then reexam ning the patient's eye until the desired.
refractive power of the cornea is obtained OF course, the curvature of the
cornea can be nodified as needed by the insertion of the ocular material
in the sane manner as nentioned previously herein and as illustrated in

t he previiniested giithén 35€ habiGui artjcular, as _seen in the previous
exanpl eseqpff Fi.gs. 38-40 utlglql z(?ﬁg %@uﬁ] g}}gt@,rge(gn Cxp@meetheléb%t@an be

overfill erﬁlamﬂwmgwteﬂrmm; powvet Off e th¥a fdshilig g d}*lflﬁd‘f g 1012 as
needed. -H?:ﬁlar(iﬁ%’t% O(ir:f pocket 1026 can be conplet&ly tqaﬁa ocul ar
material to resto £ cowrse. fh PSBKﬁevatcanedplkt tﬂemou%rtﬁﬁeﬁ&%? éﬁﬁgﬁl{ in a’
cornea Wstlb&&&jgrpfaaé{é&lﬁ% [% or nea 428 as seen in F

armount of ocul ar material I Atrogy ?6"’ M@ﬂm&mr@&mﬁﬁﬁgg&ed to

|ncreasepph@nt{smanu1me@esfﬁr@ﬁﬁc oh ts ori curvature to treat
hyper nyopi a s&g}as to result in a co neaér\?\)n cso 1888%?-‘19%5 seen in Fig.

38. Alternati Gourgs; ethg mmﬂmfoﬁmd aﬁmﬁ”ﬁlbﬁﬁl@l njo Qe &g %teb %cket
1026 canmsgﬂwrn doctu?ardecre he curvature or f atten cornéd 12 from

its original rvature —to° t?‘? éﬁ%@masmentmaedprdvibugl yoirgiga With a
curvaturmchasskbmm-awuﬁigle viohfivt olid, |I|ent ocul ar
i npl ant, cornea 1012 can r%gullot ?’n&\glcar ?%ﬁgg“rgﬁraﬁ dR¥ pesatinothe si mi | ar

to t hoseP'C¥INs examples ofARBigd 53840 utiliginease’ i | ar | npl ant
i pl alr11l'gg of Flné%tkhélllﬁghgog%?égf beti al

h h I
- o bR OE B Sl 0 ik rnbreomhentines seplint et F 0. 72
may be ‘miﬁ”orpﬁf:k&rldziﬁecaﬁ%%l%%&p];Q@E, Eﬁs th {5 oper ocular materi al

inserted or injecte the o6 ular material to restore the
normal curvature of the cornea 1026 to result in a comea with a curvature similar to

cornea 428 as seen in Fig. 40. The amoumt of ocular material introduced to pocket
1026 can be increased to increase the curvature of cornea 1012 from its original
curvature to treat hypermyopia so as to result in a comea with a curvature as seen in
Fig. 38. Alternatively, the amount of ocular material introduced into pocket 1026 can
be reduced to decrease the curvature or flatten cornea 1012 from its original curvature
to treat myopia so as to-result in a cornea with a curvature as seen in Fig. 39,

In the case of a solid resilient ocular implant, cornea 1012 can result in various
curvature modifications similar to those seen in Figs. 43-45. In the case of utilizing
an ocular implant such_ as the ring-shaped ocular implant of Figs. 41 and 42 or a
partial ring-shaped ocular implant as previously mentioned, the template of Fig. 72
may be useful.

After the pocket 1026 has the proper ocular material inserted or injected
therein, the internal surfaces 1022 and 1024 of pocket 1026 come together to
encapsulate ocular material within comea 1012. In other words, the surfaces heal and

grow back together, resulting in permanent curvature modification of the comea.



therein, the internal surfaces 1022 and 1024 of pocket 1026 cone together
to encapsul ate ocular material within cornea 1012. In other %P the
surfaces heal and grow back together, resulting in pernanen9 @ﬁvat

nodi f i cawCoi/sef26t he comm WO 00151526 -47 0 2 DrEC n~ a" ﬁ?é@@g%%&'%
Enbodi nents of Figs. 74-84 Another enbodi ment of the universa ’
according to the present invention igsgghown in Figs. 74-76. Specifically,
the blank I 100 is annular or ring-shaped having an upper planar,
substantially planar or substantially curved surface 1102, a |ower planar,
substantially planar surface or substantially curved 1104, an outer waU
1106 and an inner wall 1108 definir~g an opening 1110 through the bl ank

1100. The opening I | 10 can be circular in shape, as shown, or any

sui tabl e shape such as oval, nmulti-sided (e-g-, square, rectangular,

triangul ar d so on. The opening 1110 al so need not pass entirely
~through t Wﬁﬁoi g?a@#&ﬁomn but can be a recess in the blank | 100.

The surfaces 04 c be parallel or substantially paraflel to
each ot her, oﬁ.ﬁtgh Qét“t‘ ga’&n‘&lﬂéﬁmﬁi tbdandi achendinge the bessemahventib@6, t he

i nner wal hss’hb@& Fig: b@h r to one aor both of the
surfaces 1102 anna 11504 6, S?gﬁﬁg '?hg@ﬁgkgré(f I$19pBulan or Engwhaped bepiogt t o

the surf aéeslpmonlaamu suﬁmnaﬂjrqﬂana&hﬁ %&&ﬁﬁzﬂ@{[ﬁ %t aﬁgﬁl}ﬁ"g’vé‘ Ewﬁom ‘e

wal | 1106_and i- |1 1108 need not- be sno fect ed
portions, P e§§ ¥ Pjanay sirfase aresubstantiaily dﬂgécbel@i &UGnta Wag1185d can

have any shbpg ins&hwaf concave,.torjc. and so on The blank 1100 can
be made of the sane typlgg o&ﬁﬁﬁgef‘?eﬂ pehing }Hﬂ ﬁ%ﬁ?‘éghtlgw biankl 1880. dTheussed

above. Foepasiggndl 16, canftee ditcasls ik 304heC f t| terial,
organic materi.,g or. a comnbi natlong%f Eéc])t S nt(t?tue1 g aWF aﬁﬂf’é]rlal

that per ﬁ ?déﬁgsﬁm@mrtmtanguyarahiangum aﬁ@g@r@,ﬁ anyga‘y mﬂ}g %]
vi si bl e gs,sthr h, . but absorbs all or substantial yaII

| i ght having a ve?’g & dlank }509ras showny butrcarFbe acreesplis thé he
bl ank 1l1Clagianigee nade of col | agen, copol yner

. The surfaces 1102 and 1104 can be paralle] or substantially parallel to each
other, or at any suitable angle, and either the outer wall 1106, the inner wall 1108, or
both, can be perpendicular to one or both of the surfaces 1102 and 1104, or can be at
any suitable angle with respect to the surfaces 1102 and 1104. Also, the surfaces
1102 and 1104, the outer wall 1106 and inner wall 1108 need not be smooth, but can
have projected portxons recesses or any type of texture or degree of curvature, and can
have any shape such as convex, concave, toric and so on.

The blank 1100 can be made of the same types of materials as implants 430
ane 630 discussed above. For example, the hlank 1100 can be made of synthetic
ma_tterial,. organic material, or a combination of both synthetic and organic material,
that permits all or substantially ali light having a wavelength in fhe visible spectrum to
pass through, but absorbs ali or substantially al! light having a wavelength in a laser
light spectrum. For example, the blank 1100 can be made of collagen, copolymer
collagen, polyethylene oxide or hydrogel, or cross-linked organic material such as

collagen, hyaluronic acid, mucopolysacoharide or glycoprotein, to name a few. The
blank 1100 is porous to allow oxygen and nutrients to pass therethrough. Also, the .



col | agen, pol yet hyl ene oxi de or hydrogeL or cross-1linked orgggiBEUagﬁﬁia
such as collagen, hyaluronic acid, nucopol ysacoharide or gl ycoprot , to
name a f@¥@OV/FHE6 bl ank | 100 is porous to allow oxygen angiciishh/Eas to
pass therethrough. Also, the 02 DEC 2 03 WO 00/51526 -48 PCTI USOQO' 05285

bl ank 1100 can be nmade from a donor coggpea of al. as eye, or-eau betaken
froma cultured cornea, However, the blank 17.00 is not limted to those
materials, and can be nmade of any suitable nmaterial, such as those
disclosed in U S. Patent No. 4,994,058 to Raven et al., U S. Patent No.
4,718,418 to L' Esperance, U. S. Patent No. 5,336,261 to Barrett et al.,

U S. Patent No. 4,840,175 to Peyman, and a publication by |ose 1.

Bar r aquer blank D108 ctn be athds e h QBhdELsS nd_Ker at ophakia in_the Surgical
Correcti on haki a", the disclosur eeé ogf" NSy & ¢y Reptakem Gionpar at ed

of :
by ref er eFUBTFLEUMER. HoWeven thy blanke 160 Mtﬁi{ﬁ&dh@&d@@gﬂ%&%&ﬁs g_'n@get r within
as”’

a range 4 to abqut 11 mm and opening 11 fer of

about 0. cl){nﬁfaa’r? tegéngbso'{)ﬂ?i)lfdnwﬁ’ ﬂ’ééé‘ﬁé?%g displos¢rbinsiU Se Patent K6, DYOLEHsEkRNEL er .

Fur t her noReventdial btag1 ke « hi ckness ranging fromabout 10 ra
. b aﬁ@@:&@!‘ilﬁ%‘iﬁft@&béga?mﬁﬂifﬁ 0

to about 1000 gm wth a thickhess o nh BeRtNe.25,336,26bke

| ¥Fite Rhaks U.S. iPagenteNal 4,8 i ck
Sorrecti o ot e i Pefiulh, ML EIRIBE JoRed or a

correcti 1 dio r.

correcti %‘1@%8‘@@- fﬁmhﬁdg'b&éﬁf@mﬂ!?hﬁs iR krataphekib i6 8 fapgRPOYLSUIAD! €
shape, swfAphskavah e ngul ar,, . pol ygonal, toric and so on. As
shown, for exarrpl’zt?eid%gllél gs. oég'-ﬁ}fg,agﬁ%ebé’iI&ﬁweﬁmre&iem@erdhaped bl ank

1112 havi ng anlypidly, thertiarke! 100 3s a@ amredf 116 outer wal |
1118 and_ an (ngr wal | 1120 defi ni ngog%wgfpeni ﬁgﬁ%%weo%?Whé%mank )

1112 whi &2 9P ARt gpaning 11 Hhhaswe dizimetanloftaboet Rl mh 36 isoutOfo ot her

sui t abl ede?é]ﬂg% an ss entirely through the blank 1112 or b€ a
recess ighl elzle %I%ng%fﬁg%f)%ﬂ Ic dtBermaracthe planke I98menthapea of
mat er i al thi eismﬂngh:tgs&diﬁ%amdlgqgg | 1100 di,scussed_above, and can
have siml|ay dinensions. That is, tta%go?tgpggg‘[m’ %@%?QPF ?Efglbquér%éﬁer of
bl ank 11451 8HRE P sHHeble exemplayuthickness) To gakupalt aBokit THrR B blank thickness

provides a correction of about 1 diopter. Hence, a 144 pm thick blank provides for a
correction of about 12 diopters.

praovi des a

The blank itself can have any suitable shape, such as oval, square, rectangular,
polygonal, toric and so on. As shown, for example, in Figs. 77-79, the blank can be
an oval shaped blank 1112 having an upper surface 1114, a lower surface 1116, an
outer wall 1118 and an inner wall 1120 defining an opening 1122 through the blank
1112 which, like opening 1110, can be circular, oval, toric, or any other suitable
sh:?pe, and can pass entirely through the blank 1112 or be a recess in the blank 1112,
Blank 1112 can be made of the same types of materials as implants 430 and 630 and
blank 1100 discussed above, and can have similar dimensions. That is, the lérgest
overall outer diameter of blank 1112 can range from about 4 mm to about 11 mm, and
the largest overall diameter of opening 1122 can range from about 0.1 mm to about 10
mm, depending on the size of the outer diameter.

Furthermore, the blank 1112 can have a thickness ranging from about 10 um
to about 1000 pm, with a thickness of about 144 um being a suvitable exemplary



the largest overall dianeter of opening 1122 can range from about 0.1 mmto
about 10 mm depending on the size of the outer dianeter. Furthernore, the
bl ank 1112 can have a thickness ranging fromabout 10 m toﬂéb@ﬁc 130 m
with a t QMAESY of about 144 gm being a suitable exenpl arpeVEsRREEL526 - 49
0 2 DEC 2003. PCTI USOQO 05285 thickness. Al'so, the surfaces 117 4. and 1116
can be parallel or substantially paraldgl- to each other, or at any
suitable angle, and either the outer wall 1118, the inner wall 1120, or
bot h, can be perpendicular to one or both of the surfaces 1114 and 1116, or
can be at any suitable angle with respect to the surfaces 1114 and 1116.

Al so, as with blank 1100, the surfaces 1114 and 1116, the outer wall 1118
and inner wall 1120 need not be snooth, but can have prOJected portions,

recesses ofhigimpss. yislsoptheteofaass @101 andiBg it as
shown in F%% Qﬁ ei ther of bl anksﬁlloosgﬁﬁgggﬁ%ﬁ&a&%mve ﬁﬂ” ﬂﬁ)
t hi ckness hg‘? > OF G231 SHitable apgleoansheither SHO opier vl T8, The $Res ivalll

useful int¢g ondi tion thernDre the bl anks 1100
and 1112 n%eozi%ﬁg? gi‘%igh%?@:e (fc'mﬁgrnt&ﬂ“ﬁr(’ ?’?HJa qh@“ﬁﬁ%ﬂﬁklsllimd 1446, dr112 can
i ncl ude a mpbeatkﬁjlsmnibléi{@euﬁﬁ%@@%&t‘tﬁ%&’surﬁﬁ?llgg‘ﬁnaaﬁgqf 95 /6 and 79,

e

-whi ch can ke of_ any suitable width. Th Ae%ﬂaaﬁé’mh
wedge- shaptgﬁnkaé 100, Gasurfag Snsurfages 1114, andHe 16 Ethﬁél&éﬁfﬁall-l?ﬁ ﬁﬂﬂnﬂé@ﬁaﬁ 9§40 Ag9aP

1124 can th respect- to each other as
Al ternative ?/J% gng &E’lgﬁtg A hHE RPketef inegtiong; rﬂ@%sne%myaypsoﬁié&ner& 1130

ext endi ng @gf@ldf@hrmmgubst antially parallel to each other. Likew se, the
surfaces 1132 and 1134 form ng gap 1126 can extend angularly with respect

to each other alsadslktmmas/&hbwnmﬂglﬁbyﬁﬁ&@%f%iéﬁs% ! W'th the
surfaces Jv132 a%y 134 extendi ng}maral or substg(r)\?lﬁiaitlslllg5 aﬁé%]v%
each ot her2ie 98 daugye from tzomzoahdutliwmnvlhehsmqida:aﬂr can

o SO0t A b5, i ST 6o
of the respetnovbe hbmprae@d&ﬁuiaf\d Thid R, BlaficIt FY &hd 1972 B0 s L0 the
1124 and 1126, respectively, as shown in Figs. 76 and 79, which can be of any
suitable width. The gaps 1124 and 1126 can be wedge-shaped as shown. That is, the
surfaces 1128 and 1130 forming gap 1124 can extend angularly with respect to each
other as shown. Alternatively, gap 1124 can be slot-like, with the surfaces 1128 and
1130 extending parallel or substantially parallel to each other. Likewise, the surfaces
1132 and 1134 forming gap 1126 can extend angularly with respect to each other as
shown. Altemativel‘y, gap 1126 can be slot-like, with the surfaces 1132 and 1134
extending parallel or substantially parallel to each other. The surfaces 1128, 1130,
11.’?2 and 1134 can be smooth, or can have projections or any suitable texture. Also,
instead of gaps, the regions designated by 1124 and 1126 can be regions in which the
thickness of the respective blanks 1100 and 1112 are greater than or less than the
overall thickensses of the remainder of the respective blanks 1100 and 1112.

Again, the specific parameters of the blank 1110 can be prefabricated so that
the lower (posterior) surface 1104 of the blank 1100 has the same or similar radius of
curvature as the preoperative live cornea. The blank 1100 can be prefabricated in a
mold to a desired shape. Also, the blank 1100 can be ablated by a laser, such as an



overall thickensses of the remai nder of the respective bl anks 1100 and
1112. Again, the specific paraneters of the blank 1110 can beaﬁzgﬁﬁﬁr.,jﬁ@gt ed
so t hat wadwsisxewer (posterior) surface 1104 of the blank 1100 év8ane
or sinmilar radius of curvature as the preoperative |ive ToVHEWEFRES pl-ank
1100 can be prefabricated in a nold to a desired shape. Al so, the blank
1100 can be ablated by a | aser, such’ 2%- an WD 00/51526 50 02 DEC MB,

PCT/ USOQ' 05285 ,=.c. ,laser or the like, to be forned to a desired shape .
prior to use. Alternatively, the blank 1100 can be shaped in a | athe, such
as a cryolathe, to the desired shape prior to use. For exanple, the upper
(anterior) surface 1102 may be shaped to have a curvature which is -

concave, eg8MeeXacet QLG 1.9, Rarallel in relation to posterior surface 1104,
or any ot her 'sﬁs? aal egclz%cg’\/tgﬁ{?rfgm%@ Péesieedi shaps pribaneust 1 WirgamRgye any of -

t hese shjeddlaksl V08l dan bERBadeRi; e bl 1100, the curvature of
anterior, surface 1102, fBar?ee Ilgﬁg%ﬁaggé%%%aagﬁ?%ﬁt?éhe@%lféﬁﬁm;nfort he

regi on b ¥fent'eticrample, theigmen ahtdd @9 )suffase [ icated tp correct -
amet r opi guARdreAshi-dTRLI Sm Wi t hoEt the “use o???gsefgélsé?ﬁ’%gt.o A€ @ni ver sal
bl ank havi ng the sﬁ§€8°%cﬁ8wopﬁe$itgmc,m-pmamm rélatién 4 P’bét@:‘iorpérﬁfaﬁgri cat ed
or e

char act et 1B o€ any d%hed @5#taHd i_ment of a method using t
~uni versal bl anks 1100 and 1%#“%%2 iRRFISOOT SHEags dE@¢htan heentnpofi s shown

i Fi gs. hese Swpesvas ofell s Thé ihickiiest Gt e oLk 965, HRSGIGSg apove regarding
- | )

bl ank 18, & Fo ary purposes, Figs. uey e

However %uﬁff’ﬁ% ilﬁﬁlegg%ﬁdhﬁ gap 130 for thickamesnef me%ﬁon%t&g%?smca human
eye 11361199@9&&@34)%33%@%%%8. A flap-like layer 114 avi nge%l

di aneter of about '8 nm fo do GAITSst Rmetiopiacantdastigutatistomithout @ pm i S

separ at age of tasert didatioal "Hee JididGsd [ descrjbed. above with regard =
to, for exanple, Fig. 59, and re%%ﬂ}ghéc@?r%ggtsgﬁp?ﬁﬁ?%%g%ggﬁﬂ%l at a

Fig..
connect rhﬁﬁeS"%IPfP Aipd chirectetistiesfdsafesirédke | ayer 1140 is separated from

the cornea 1138 .sho and inner surface 1144 of the flap-like |ayer
1140 i s expoﬁd?ﬁgﬂ‘gﬁ”ﬁﬁy\%ﬁéFeth%@uf@ra%%naihfauoiverslabblamkmaaomﬁa i moexposed.

AS  showacoondifig 86 thé Breleht ihléhetdh30%ndd%n Figs. 81-84, which is similar to the

methods described above regarding blank 18. For exemplary purposes, Figs. 81-84
llustrate blank 1100, However, blank 1112 is used in 2 similar mannef.

Fig. 81-83 show a human eye 1136 comprising a corea 1138. A flap-like
layer 1140 having a diameter of about 8 mm to about 9 mm and a thickness of about
160 pm is separated from the cornea 1138 in the manner described above with regard
to, for example, Fig. 59, and remains connected to the comea 1138 at a connecting
portion 1142, When the flap-like layer 1140 is separated from the cornea 1138 as
sht)‘wn, and inner surface 1144 of the flap-like layer 1140 is exposed, and an inner
surface 1146 of the cornea 1138 is exposed. As shown in Figs. 80-83, the blank 1100
is positioned on the exposed surface 1146 so thét the surface 1104 contacts the surface
1146. Typically, the blank 1100 (or 1112) is positioned on the surface 1146 so that its
center_is substantially aligned with the optical axis of the eye 1136. However, the
blank 1100 (or 1112) can be placed at any location on surface 1146.

The flap-like layer 1140 is then repositioned over the blank 1100 {or 1112)
and exposed surface 1142 as shown in Fig. 84, without ablating any of the blank 1100



IS positioned on the exposed surface 1146 so that the surface 1104 contacts

the surface 1146. Typically, the blank 1100 (or 1112) |sﬁ\pl)\2>s[?£q mﬁg on the
surface 1146 so that its center is substantially aligned t pti cal

axi s of Wheo/gg 1136. However, the blank 1100 (or 1112) peénukevdghaced at
any location on surface 1146. The flap-like layer 1140 is then repositioned
over the blank 1100 (or 1112) and expgsed surface 1142 as shown in Fig.

84, without ablating any of the blank 1100 0 2 DEC 2003 WD 00/51526 -51
PCT/ USOCQO' 05285 (or 1112), inner surface 1144 of the flap-like |ayer 1140,
or exposed surface 1146. However, if desired, either or both of the
surfaces 1144 and 1146, as well as the blank 11.10 (or 1112) can be .

abl ated to a desired shape. Once the flap-like |ayer 1140 has been

reposi t i ofredl H@printéresurtaas i 144 b9 theOfiap heoeflap-1ik er 1140 rests
on the bl ank 1100 or 1112) and surfgcéﬂc‘%ﬁ‘?{l noa 5{' Eg

A(r:]cor di Pg WeV eI, %éﬂh&rmbamft&mmﬁﬁwﬂw%d Emgll;,g%)eula% Jjééj the
shape o en . the flap-like layer
repositio%bﬁ){)\%g?d)cﬁs“bﬁ%lﬁ{?di 08 desteedshapeace 1146 The new shape assurred by

the flap-Ilike Dayethelf4llikd Dys: £ t ratlve ower of the eye
1136 as necess'aré to correct 5’,t hep{/olrgaf\so%él ‘Sg ¢ hlank| H30|(pke Iayer

22 and sut¥@ddhoBambike layehbl 4faeite oh 'tie WSS | 900 (&
determ nerga%gg heAw si.on di sorder has not be 32?1 gfac({%r%l&fgg tl,%é’r“e%t ed,
the fl ap- StF - AeLor1din Ypthesysinee éb%m&mmammm(&qrmpﬂgm@@d t he
surface 3f / further "abl ated as
necessar%%b:;:,sgxlﬁfiﬁOfﬁ{e%«g’am&dlLl a&é%@ﬁvﬂeﬁ%@ﬂ ﬁgﬁg‘i YET b mtwmsktanedeamks
“having t and st Sir€icen46.hTne nad G ' ng
bl ank can, be stacked on the surfacé1 %Zﬁggér%%f{hf ﬁ%ph{ékebr 0 (or
1112), art¥ fRETREdRe refiadtive pawkr of thsl eyekil 36ams hesiahvt® BoRéet tﬁ'@@%ﬁ)?xary The
ce

flap-1ikeidod¥gr 22 can be then repositioned over the blank and surfa
allowed to heal, ahd the eyesight can again be tested. The steps of

:Tg;r[e)v 13 lng nL ge C(fgﬂnoag%é ?gﬁgl;?e er 22 ARuAlLbE B, B ﬁ'\gtlent gséyctesq tac%glbtel on of

Ifitis determmed that the vision disorder has not be satisfactorily corrected,
the flap-like layer 22 can be again separated from the comea 12, and the surface 26
and/ or blank 1100 (or 1112) can be further ablated as necessary. Also, if deemed
appropriate, an additional blank or blanks having the same or different shape and
characteristics of the existing blank can be stacked on the surface 1102 (or 1114) of
the blank 1100 (or 1‘1 12}, and the additional blank or blanks can be ablated as
necessary. The flap-like layer 22 can be then repositioned over the blank and surface
26, allowed to heal, and the eyesight can again be tested. The steps of removing the
ﬂap-hke layer 22 and ablation, as well as the addition of more blanks, can be repeated
as many times as necessary to properly correct the vision disorder. Tt is desirable that
vision up to 20/15 or 20/10 can be achieved.

Due to the presence of openings 1102 and 1122 in blanks 1100 and 1112,
respectively, blanks 1100 and 1112 each uses less material than a solid blank (e.g.,
blank 18 discussed above) having the same overall diameter and thickness. Moreover,
because the openings are already present in the blanks 1100 and 1112, if ablation is

desired, it may only be necessary to ablate the exposed surface of the comea through



as many tines as necessary to properly correct the vision gjgogggrg[}g}g‘t IS
desirable that vision up to 20/15 or 20/10 can be achi eved. Due to the

pr esencWOdi/5p§6ni ngs 1102 and 1122 in blanks 1100 and 11 mé@ﬁy fgcti vely,
bl anks 1100 and 1112 each uses less material than a soli I an ?e.’g.]

bl ank 18 di scussed above) having the sayie overal|l dianmeter and thickness.
Mor eover, because the openings are already present in the blanks 1100 and
1112, if ablation is desired, it may only be necessary to ablate the
exposed surface of the cornea through 9 2 DEC 20031 WD 00/51526 -52

FCTI USOQ' 05285 the opening in the bttr-k to achie;,e, the appropriate

cor neal ”rﬁgi fication. In this event, |ess |aser usage and thus, |ess
overal | s@egipening inthe blsnk equbkad. Hi.l e various advant ageous enbodi nents
have been chosen to illustrat ék%%ee %\%‘?f??%‘ﬁ? Comedl modificatinner kit tiadl by
those skiTFBu 55 lasReusage andhtusylass etesalCHRROR AN JRfid  cations can be
made therein v{‘gthﬂgtqaﬁdgsoarti ng fromthe scope o K ention as defined
in the appended cl alHg: ﬁ%@o%e@boﬁnbharﬁave&é&mﬁ@éeﬁ %%uéh?a?e%ﬂ] |
modi fyi ngnwdmﬁoﬁpft\/tﬁﬂl%@uﬂcier&o@@%%ét' s Live, tgor nea, conprising: Sirst
surface gglqaﬁted_for plbacerrent ditre ?“feySl%l:leaW A tagtr that vanqeobdngddr fice of a
patient' irem bevimazie thesinb@an renovin flap portion
from sai g Live -cgflnea, a portion ofofﬁg@%%&%ﬁﬁgeﬁ%im@?nﬁmersect ed
by the main %‘belql& ¢ appendeyfclams. eye, said flap portion renaining attached
to said cornea by a ‘hinge portion; a second surface opposite said first
surface; a wall surface extending between said first and second surfaces,
and defining an opening in said blank, said opening forned substantially
wi t hout abl ation; said blank conprising a material whose properties permt -
| i ght having a wavel ength w thin the visible spectrumto pass therethrough
and prevent substantially all light having a



wavel ength within the | aser |ight spectrum from passing therethrough, said
bl ank adapted to alter the curvature of the cornea and at | east one of
said material and said altered curvature of the cornea adapted to alter
the path of said |light having a wavel ength within the visible spectrum 2.
A bl ank according to claim 1, wherein the thickness of said blank is within
a range of about 10 to about 1000 m csons, and a maxi num | ength of at

| east ogeAdMsaid first and second surfaces of said blank is within a
range of about 4 mmto about 11 nm 3. A blank according to claim1,
wherein said blank is annul arly-shaped having said first and second
surfaces on opposite sides thereof, the thickness of said blank is within a
range of about 10 to about 1000 microns, the dianmeter of said blank is

wi thin & rangeladik, abpdbldfoiisé @ medifghg tht ciat@o of & paisdiamws er of said
opening is wthin a range of about 0.1 mmto about 10 mm 0 2 DEC 2003 54

4. A bl LR ELYPAFAE to claim 1, wherein said material is one of organic
materi al and n j Il ccording, to claim erein
il LpgkE %dg@t}:& afglgh%acénelﬁ‘ &ﬁe%ﬂb 0210@? ngt'erngl F%Iijci/ssg ﬁiﬂ‘% €003 e

sai d nateyia? I's one o copol yner agen,
and hydpa@iet’s 1&e cAridaawkichclearisiengexiposed By nerhovinher Ghp poatich feiesdidllive

i ncl udes one of collagen hyaluronic. acid, nucopolysaccharide_and
ol y copr SFBF 3 POTHioR 4 SEisiExResca TG Henemissreied MBS e atical Fineidhngye.a
subst angai@fihy pstiioh &Mk GKIGRE 1o BEE WS, ﬁ?%ﬁ%ﬁgeﬁagﬁ?%“d second surfaces. 8.

A blank according to clarm 1, wherein said Second surfaces each
are subst ant begbhy sysfasa appenilefsaiddist sorfasyybst antial |y curved surfaces. 9. A

bl ank accor dj im1, . wherein said.first and secand surfaces are
substant  al 1§ VL Rl SiE ROFeRR AL 15t AR RO BT o i,
wher ei nopsoairt iﬁSﬁiﬁI’bﬁhrﬁcyézﬁ@@geﬂiﬁ%(ﬁﬂzﬂ&@Kubsféﬂﬂﬁl@g)/ﬁith&ft abREibg; 1N relation to
said first surface, 11. A blank according to claim1, wherein said wall

surface ext effds bk SAMPRENE omaEFak whpse popsitips pespbbight mving o wavelsegthnd
second gHAHAREYisible spectrum to pass therethrough and prevent substantially all light having a

wavelength within the laser light spectrum from passing therethrough, said blank adapted to
alter the curvature of the cornea and at least one of said material and said altered curvature of
the comnea adapted to alter the path of said light having a wavelength within the visible

spectrum.

2. A blank according to claim 1, wherein the thickness of said blank is within a range of
about 10 to about 1000 microns, and a maximum length of at least one of said first and second

surfaces of said blank is within a range of about 4 mm to about 11 mm.

3. A blank according to claim 1, wherein said blank is annularly-shaped having said first
and second surfaces on opposite sides thereof, the thickness of said blank is within a range of
about 10 to about 1000 microns, the diameter of said blank is within a range of about 4 mm to

about 11 mm, and the diameter of said opening is within a range of about 0.1 mm to about 10

min.



12. A blank according to claim1, wherein said wall surface is convex,
concave or tonic. 13. A blank according to claim1l, wherein said wall
surface extends substantially perpendicular with respect to at | east one
of said first and second surfaces. 0 2 DEC 2003 55 14. A billk 288%or di ng
to claim 13, wherein said wall surface extends substantially
perpendicularly with respect to said f,rst and second surfaces. 15. A blank
according to claim1l, wherein said blank is annul arly-shaped. 16. A blank
according to claim1, wherein said blank is oval -shaped. 17. A bl ank

accordiqg t oA®lakmcdordidyasd elalin davlerdi daibmblcAaEs 98¢ bNEEasd nthtGRERANY as a
substantially circul arly-shaped opening. 18. A blank according to claim1,

wher ei rSYa8ieHC matgriabur f ace defines said opening as an oval - shaped openi ng.
19. A blank as clainmed in claim1, wherein said blank is continuous about
its perineter. 20. A blank as clainmed in claim1l, wherein said properties

of sai d5.mat eAibddnkpecordinggactimlli gheretrosapbstetinlio vghofesldgén, cspolsuner second

f . i
surtac ecsollagen, polyethylene oxide and hydrogel.

6. A blank according to claim 1, wherein said material includes one of collagen

hyaluronic acid, mucopolysaccharide and glycoprotein.

7. A blank according to claim 1, wherein said blank has a substantially uniform thickness

between said first and second surfaces.

8. A blank according to claim 1, wherein said first and second surfaces each are

substantially planar surfaces, or substantially curved surfaces.

9. A blank according to claim 1, wherein said first and second surfaces are substantially

parallel to each other.

10. A bank according to claim 1, wherein said second surface is convex, concave, or toric

in relation to said first surface,

11. A blank according to claim 1, wherein said wall surface extends at an angle other than

0° with respect to said first and second surfaces.
12. A blank according to claim 1, wherein said wall surface is convex, concave or toric.

13. A blank according to claim 1, wherein said wall surface extends substantially

perpendicular with respect to at least one of said first and second surfaces.
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14. A blank according to claim 13, wherein said wall surface extends substantially

perpendicularly with respect to said first and second surfaces.

15. A blank according to claim 1, wherein said blank is annularly-shaped.

16. A blank according to claim 1, wherein said blank is oval-shaped.

17. A blank according to claim 1, wherein said wall surface defines said opening as a

substantially circularly-shaped opening.

18. A blank according to claim 1, wherein said wall surface defines said opening as an

oval-shaped opening.

19. A blank as claimed in claim 1, wherein said blank is continuous about its perimeter.

20.  Ablank as claimed in claim 1, wherein said properties of said material permit said

light to pass through said first and second surfaces.



