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an ametropi g, WA, G P&D\%%a%{ ?fﬂgﬁl@tmod Se‘?ia.% Nb. rHS/SQI'tstﬁB ﬁlgd b&%ﬁ&%ﬁ on the

retina. Ametropia re ol n j'ected erther in front
of the retilo@s; moepc:ndmgapplmaum Sérial Nbeomwomfﬁltdmsc@ihen@,tmw, whicle.
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refractive PiRbNopP8/B#n148s filrdO¢tH 955 in eapgnding applicationderiph Noey e
Myopi a begi Ws&efl%rﬁfehbcﬁ%&@gn@%?af% ﬁcamng&‘?all?foog’f/@%% gP:dtMarE}he age of
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popul at i on. 3,TI982; wh:clmlfsm:eonuhudtiowowﬁppgﬂwaum SetiaBNdi Wﬂﬁr928aﬁlebeocmbeto 10% of
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applications are incorporated herein by reference.
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hypernmetropic at birth and then gradually the refractive power of the eye
increases to nornael |evels by the age of 15. However, a hypernetropic

condi tion |§%Produced when the crystalline natural lens is renoved because
of a cataractC "3 00/ 51526 -3 PCT/ US00/ 05285 Cor! ~ect i ORCHUSPOSZ8S —opi a i s
achi eved by placing a mnus or concave Ifns in front of the eye, in the
form of glasses or contact |enses to decfease the refiactive power of the
eye. The hypernetropi c eye can be corrected with a plus or convex set of

gl asses or contact |enses. Wien hypernetropia is produced because of
cataract extraction, i.e., renoval of the natural crystalline |ens, one can
pl ace a plastic lens inplant in the eye, known as an intraocul ar |ens

i npl antation, to replace the renoved natural crystalline | ens. Surgical
attenpts to correct myopic anetropia dates back to 1953 when Sato tried to
flatten the corneal curvat uBSGYCROUNG GF AHEINYENTIONt s in t he periphery of
a corneal stroma (Sato, Am J. Ophthal nol. 36:823, 1953). Later, Fyoderov
(Ann. Ophthal nol) 11:1185, 1979) nodified the procedure to prevent
postoperat|veFmﬁmﬂmqummns due to such radial keratotony. This procedure

is now accepted f orrection, of ia u di opt er (See
Schachar [ egsJ Ragf mﬁ%’&‘&flc{f{é tﬂﬂe\%%ggr ‘5‘8&?@%‘3 1*1’&83&“‘%8&?8%%& Sander s
D [ed] Radi al pirhexivadien)Vih pthﬁmf Sedive Mdmeads Afodified Bl itledtdps Of sep@Rthig arANOt her

met hod of correctlng ny. c anmetropia_is by lathe cutting of a frozen

| anel | ar cor ni¥§ma) azgatof tgﬁbﬁhc%"w@pﬁ'é weoi qpéewgntefpﬁl sirfageshArdue nay
be enpl oyed w t tl%rﬁx? or. L han 18
di opter. The '&ggﬁ%gﬁlelgllﬁ\%ag%’gg g%s{l% Fﬁégyopl%grm&% t Ei:‘!%nesgt g‘? .1émgornea,
about 0. 26-0. E@wmuthmmm&swfa;mker atone (Barraquer) Ophthal nol ogy
Rochester 88:701, 1981). This cut portion of the cornea is then placed in a
cryolathe and its surface nodified. This is achieved by cutting into the
corneal parenchynma using a conputerized system Prior to the cutting, the
corneal specinen is frfozen to -18F. The difficulty in this procedure exists

in regardto L ‘of the head and tool bit to acconplish the
| athing cut. tanhelr &l e Bl BEhnR 2, e, SIREHB bl faeGhrdale head -
and tool bit rrust eanexaect y Euﬁe éssg’rre g%?lglﬁg P t% mIg)or t {lscpurpose,

car bon di oxi dé.!@aspiplrmltf. Mhieni thesfar poidt isl—km'svted eithen én dwntbfathe getingl éase of

Therate soi i HORRRiL bk pr i prRue 2 mrsins Pt bbb s ot Lz )

~.~d inadequate comlamgoplér bﬁ @Metaﬁm@l@éngﬂahﬁtﬁaéy@eiahodgafmhdmaﬁ&mds
i ncrenent due to freezwg‘ nmust al so be cal cul ated, using a cqonputer .and a
cal cul ator. | £Y% REthedplirelive pawe afdhg corpeggmd fhenlens igjstronges than dn pmetioni¢ry) |

opti cal zone g g SURSROHApebhE: S/ AUOkNIIHPRAY OF shokr B nbdipsUe | S

t hi cker than the too . , nmeet at the ca sur
resul ting in anthswefrastive pewéred thel cormed dind lens is lgssmb@nmuamumat emMgom@chni que

has to be adh onp ns .
postoperative%%% éq’le al-lrgnaégté éfh(gtgéall?nc?ﬁc%‘t Gens %‘L&%B eqﬁékyggeﬁ?ﬁ%es

bet ween t he catyopial gres¢retbhn adidplehds beeatin D% of thengenefal phpulstkmecThel cor nea
may al so becone aq Bi nder Arch Opht hal nol 100:.101, 82 and Jacobi ec)
Opht hal i nol ogmq(%gafgie\éwoe'eoikéfmpi@w bedipdo k&gﬁégbenma#n% ch, A0O,

1981). There are afROindiddfeeVé¥ l&y%EﬂnEé&%pxb ey 8 9 hRP&HoWhi VGedéflﬁl?,r ﬂﬁ%ﬁé%dan\! i sual
acuity. Because of these difficulties, ndot many cases of nyopic

ker at omi | eusi Syparwetpmid rbisthiand-fherhgradyally & refrastive power of the eye increases to
normal levels by the age of 15. However, a hypermetropic condition is produced

when the crystalline natural lens is removed because of a cataract.



Surgi cal correction of hypernetropic keratonycosis involves the [ anellar
cornea as described for nyopic keratomilcusis. The surface of the cornea is
| at he cut a%%/sf%feﬂ ng to achi eve higher refractive power. This procedure
is also infrequéntly perfornmed in the United States becaud&T@F0Ky05285
technical dii~culties and has the greatest potential for lathing errors.
Many opht hal nol ogi sts prefer instead an dlternative technique to this
procedure, that is keratophakia, i.e., inplantation of a | ens inside the
cornea, if an intraocular |ens cannot be inplanted in these eyes.

Ker at ophaki a requires inplantation of an artificial |ens, either organic or
synthetic, inside the cornea. The synthetic | enses, such as those discl osed
Ln. U5 Patent NoCobediedo?2lyobfa i¥ehidved by ladhg adiifld ¢k ddncave feb & froiC.
5,336, 261, are not tolerated well in this p05|%| on because they interfere
wi th the nutriof thereyefin thecform of glassagor comaetdemss BascrEE/ thisebadie pewerdicor nea.
The organic | LU pbetter.t~l Pratex, rP :T~~rs fro | at he
cutting of thgﬂ%:%rghlelgﬁ h&%@?‘g{h‘g&ﬁ?‘m ‘é%w&ﬁj?‘ﬁfhrﬂpé%%eﬁoﬂw&rﬁﬂeée@?ﬁf for
cutting | anel loarcomastriamenr Wheh hypethetropie isaprodiced BesNusdd6f Eabdratt ieRtfactibn,t he

eye. The recovery of viﬁh%n i s al sg.rather prol gnged. Thus, significant

time is needed®f grmavakof; the patpralcryetallingelens, pps¢anplace anlastie lens implantirithene best
corrective Vi SygnxndiR 4@ BfMobifE" RAS BRpIARARMS %o ?%léc@%@rr&ﬁ@\)%ﬁena%_alt WO

interfaces. It i's also known to create a channel the cornea and insert
ring- shaped nemistallineilenso the channel to nodify the cornea shape.

Ri ng- shaped i npl an S p i sclosed. r I )

Patent No. 4,961, 7%@*?‘%1 obd %’tc%g?&?“’&p@. angsoRin, %sbwgﬁ Py gaé

Silvestrini ettriéd to, fldttefd thePemsal cl¥vatu®, by Iidrfodhding eadidl \catsfifiithe pdriphéry ofld. S.

Patent No. 5,323,788 to éiﬁ}l vestrjni .et al .. Patent No %39 ,201 to
o, kgm Fyogéra

. S t
Barrett et al .°9f°8?1$“°§5‘t o %Q@@% ?@gfz_%o]r?éé)fell*atﬁf’. . V Y B) pat ent
No. 5,405, 384 éﬁ?\&ﬁ!ﬂl&l?sltl?l'lﬁ'j, qb@'emo_hme& &k plobsfatd it®Npre¥ent goktoerathieped

V.
menber into a chaanel in the cornea in this nner causes the cornea to

stretch and beomplicatiohodwetd, sughiradialrkesardtomyi (Thid proceshirois upvh a¢ogpted for

di storted vision, plkcation of ultraviaql et a hor.t | asers
al so have beer’ ng%@Btog'l%myfag}ag?feupc%rﬁégﬁeﬁ(ﬁges géhaglgaé r[es‘ﬁillrzé@%:jgkn‘%}ﬁ{b&yknom
as exci mer | ageATs, Pabi Dénisong TROMETS80/ans SeiidessD Péd] Rakiab K etstdtormy, i Thlomifare,

rradi ati on. The_active nedium of these | asers are conposed of the noble
gases such as %é@ﬁ‘,‘l’mﬁt%l%ﬁﬁ xenon, as well as the hal ogen gases such
as fluorine and_chlQiiHaemetlBd6f corlebifil thidpic #hctoPRNiIEy 1atHLRRINg 388 FropdACl 10O
build excinmer. The stjfh@rru?lgt ed e?ri SeSI on %@lmtﬁ% eEcilrrg}; apr oduc.gs photons in
t he ul travi ol dameliayicomealPgraftj busvives knyapic Hkerdtomsilaugise Biis [tepbiqué nay be

denmonstrated that far.ultraviaolet |ight, of argon-{l| i ight with
t he wavel engt henbﬂt“‘oyfg hﬁﬂ{"YSB‘ﬁ 1%@8%%@%%6 g“l’) tglrnig@ nﬁgg}eégﬂé* g‘gm g?%ﬁ’tee%k?%g up
thgi rI bonds. Be&ha_@ﬁhﬁzblvbﬁh&th@a)pﬁﬁﬁlﬂﬁbm cg‘ftlieacbt‘n eal?heut(i.%u&_amﬁlvdthg?gi c
and plastic material can be cut w thout production q a [ wou

VD 00/ 51 526 - 6 PESTREIoms ABameqysry [Ppithalmplagy Rockhgster fﬁﬁiaﬁ%v?ﬂofw iCHt

opht hal nol ogy VA4 e : t [l : Aalits| rih&Pabdifiel. f Phis i

per form ng raa?loéﬂtl dr{cﬁ%bﬁ%ﬁgfgq%%lrﬁr}%%dﬁg\?w%ﬁ (Tr olf<sel , Am B%J.EEBQO%E.ASI i nol
1983 and Cot | i ahiev@bbyt tratingointocthe @8 parPnehymanbing agomputenzedisystem. £opr ect
corneal curvature via.lasers are bhei.ng made to. cr e di ki, t he
cornea for per‘f’o ﬁa‘i‘l@glgo S 5%?%1? SR%’T”Q?%?% 2P E:(f;gr%#'ec{rﬁ%r&gflﬁ%% %%pi a.
Because of the%rB?ddb}eﬁm tsriﬂh-e”gtaﬁdd otrtlxeddxhacmtéxﬁfgoﬁmehmhﬁﬂ@_ i olﬁéhewlg\t;@g:eh e
continui ng need for. inprove thods o correct esi ght .

| NVENTI ON Accoﬁhailﬁblpﬁggbnlé UBE}HE%B’PG%S‘F‘{W ﬁ'é°°{5?de@é’rﬂe‘g rﬁw%mt?fsﬁ %F%\?P%e a
met hod for  modjohiingus e Bektly B ik Aiking lathirig FoP BHChRE0s8, daftRl ARAIdR Has
optical material 1nto an intéernal portion of the cornea. A further object

of the inventi plns floid istusediuHowsverathewddiabatic sleapreal zaspdventhehearbangdiggidepeni ng

therein into the cornea of the eye to nodify the corneal curvature
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wi t hout | aser ablation. Another obj ect of the invention is to provide a
nmet hod for nodifying corneal curvature by using a source of laser light in
a precise manner via a tenplate and introducing a transparent optical
material i nt*® &%t ronm of the cornea if necessary. Anot RET/USH08285 of t he
invention is to provide such a nethod that can nodify the curvature of a

| ive cornea, thereby elimnating the needt-and conplications of working on a
frozen cornea. Another object of the invention is to provide a nethod for

i nprovi ng eyesight wthout the use of glasses or contact |enses, but rather
by nerely nodifying the corneal curvature. Another object of the invention
is to provide a nethod that can nodify the curvature of a |ive cornea

wi t hout the need. of sutures. 0Q/ 51 526, PCT/ US00/ 05285 Anot her obj ect
of the inventi W‘? way ﬁgﬁﬁwf)%cﬂ\ﬁ?&l%@ Refticlesccaysing blopkage REE GA%7R ﬁr#e of a
l'ive cornea W hdeghdts B8Ylingnci sions into the epitheliumand Bowran's |ayer
of the cornea. Another object of the invention is to provide a nethod for
modi fyi ng the cor nekhe cuvatuse of thelppmedl| lamelinyangy itscinorgonentt dua o fieezing) muetal
stroma and int cl [ teh Lat [ of

t he cornea. Thielg)fd%érdggg%agegt‘%%]gégﬁé&g%reﬁgéggg‘g?% Igp{[eglhrr?g l%;‘/éﬂé?srrg’ hod of
nmodi fyi ng t he thisrresults irea efalh optivial 2int 'and b swsequentnesatiséiciongcarection. €If it

surface, conprjsing the steps of, form, a relatively spall| openi.ng, in the
oxt o1 of Sur P AR thifer R B OpL RS it vl Ba met e raleviated RifcoRERER n he

i ve cornea i nffodestdiredtiod. second opposed internal surfaces via the opening
to forma pocket, the first internal surface facing in a posterior

direction ' of the Iniadditipay nemetichlous thavdeg: deshiniqw bansd be adhered to.acThey in an

anterior directjon: ' r. [t tggﬂlge { he
opening in the&Jél% ?1@%?08% %gg*a#v a e&(g‘fﬁﬁ%gc% ? (\gsg()p %%ggee%flﬁ e %’m@g{eggﬂg%el ng a
| aser beam t r adese di opagueintdrfaces batween tHeadereallemebldodrmake hept.pThe steomd of
formng a predeterm ned tenplate,pattern) insetting a,posrti ) aser
bearm eni ¢ 1| ng. BABERE R s dheme pais Gk ARE pidimal -2, Sog?

i nt ernal SurfaﬁﬂSJacGBiéc?@ﬂhﬂﬂln@ow@Slﬂocﬁé@ﬁfP §3:12%1 | o1} aREKnieadR I AkchN0
cable onto the tenplate so that the | aser beam passes through the |aser

beam transni t t A, g@81) oThere arhalse avigé yamations] iro pesfopgrative aweorreaied ofisughe
first and secopd.intgrnal rfa i a predeterm nped patiern to .

ner enmontal |y bt SRR obtioE foldta b Ens Bl o BoB S Kefidinddlos aee
sequenti al |y tpefoematd inthelUpitgdttites. ng t he pocket) after ablation, to

col | apse and the live ,cglr nea to hﬁ? . Ot her, &b}j ects, ,advagrt agfsﬂ a#r!'%{)
salient features ofSWggal preeghign of, MERAIRETORYG KPralomsrss Ippiee e {aneligbse

ski | 1ed in thecdida dsidesBribBe fok HyopicBitorRleaiid, ethelasfade dtithedbineahl fathe dugken in

conjunction with the annexed draw ngs, discloses preferred enbodi ments of
t he i nventi on. after\igeezing &higve figher refractive power. This procedure is also infrequently

performed in the United States because of the technical difficulties and has the

greatest potential for lathing errors. Many ophthalmologists prefer instead an
alt'cmativc technique to this procedure, that is keratophakia, i.e., implantation of a lens
inside the cornea, if an intraocular lens cannot be implanted in these eyes.
Keratophakia requires implantation of an artificial lens, either organic or
synthetic, inside the cornea. 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



BRI EF DESCRI PTI ON OF THE DRAW | ~I GS PCT/ US00/ 05285 Referring now to the
drawi ngs ‘'which’forma part of this original disclosure: Fig. 1 is a side

el evati onal wégyiksy section taken through the center of an eye showi ng the
cornea, pupil and lens; Fig. 2 is a side elevational view m S8&3%% -
simlar to that shown in Fig. 1 except that a thin |ayer has been renoved
fromthe front of the cornea, thereby separating the cornea into first and
second opposed internal surfaces; Fig. 3 is a diagrammatic side el evational
view of the eye shown in Fig. 2 with a | aser beam source, diaphragm and

gui di ng nmechani sm bei ng | ocated adj acent thereto; Fig. 4 is a side

el evational view in section of an eye that has been treated by the

appar at us shoveméan Thie grgagic\lenticulad) lttatuigh beto:p rdstate® deduive Fdze 1Bhb 6ttiag 68 Spaced
fromthe centﬁr of the internal surface on the cornea; Fig. 5is a front

el evational vB&FPBERlIGRECUE) ot ed cornea shown in Fig. 4, Fig. 6 is a side

el evat i onal Vi ew |Popies b BRNRAmk AP IR LRing ikl Almds! 0 ircfuftfd ©
with the thin layer previously renoved fromthe CTornea rep aced Bnto the
abl at ed ar ea kemategtemy: or prsteratioh of tib gya. ritheeemivery of vision isralsatrather myblonged. over al |

Fig b Eehin j . . el T h h
been abl at od 1oueysdhiBlPe BRI ol bl SRl RRicle S iR st 07
Fig. 8 is a fbsntcombaivat visiond aei ehareb) dedefeassdr bevauseavi Hg pheemeendfr alo abl at ed

portion shown,in.Fig. 7; Fig. 9 is a side elevational viewin section of
the abl ated cBI@%Sof Figs. 7 and 8 in which the thin layer previously

removed from the cohinaRoikkowRRbasatt 8\ Rindelth 8R! ARd AbCRsert ARE-GYed educi ng
the curvature of the overall cornea; Fig. 10 is a iiont elevational view of

t he adj ust abl @e@berp inte e chpanghto modifygthe gomerthapy r Rimgrsbaned dgplants of ier beam
towards the e%lﬁé are disclosed, for example, in U.S. Patent No. 4,961,744 to Kilmer et at., U.S.

Patent No. 5,300,118 to Silvestrini et al., U.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
cornea in this manner causes the cornea to stretch and become deformed, which
results in blurred or otherwise distorted vision.

Application of ultraviolet and shorter wavelength lasers also have been used to
modify the comea. 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 noble gases such as argon, krypton and xenon, as well as the
hal'ogen gases such as fluorine and chlorine. Under eiectrical 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



WO 00151526 -9 PGI/US00/ 05285 Fig. 11 is a front Pl1_evati~nnal view of the
gui di ng nechanism shown in Fig. 3 having a rotatable orifice of variable
size fornmed _therein, for directing the |aser beamtowards the eye in a
predetermi n@@PA¥ern: Fig. 12 is a right side el evati onaPCH/USAYIBMS ¢ he

gui di ng nmechani sm shown in Fig. 11; Fig..13 is a right side elevational
view in section taken along line 13-13 in Fig. 11 showi ng the internal
parts of the guiding mechanism Fig. 14 is a front elevational view of a
nodi fi ed gui ding mechani smincluding a novable orifice; Fig. 15 is a

di agrammatic side elevational view of a second nodified guiding nechani sm
for a |laser beamincluding a universally supported mrror and actuating

mot ors used f ragoiae¢ithgtisshe Mhe eQly ol ih ERBMMODE) Hithdht e bEBR ypesM i n the
predeterm ned pattern; Fig. 16 is a diagrammtiC side elevational view of a

third modifi e¥sgus &neEedEarRerfoaning gadiali Gsnip the comss Wy vitred (Trokeht AmaBl e fi ber

optic cable; Hi 41 168RGnE e | i of ouygi d, fiber
optic cable sﬁg&hahllnn F|§g. %6%}—1%’ é%dl%gtgg%ilggér)ém%{g?%i}s@eﬁgpg&aﬁ onal

vi ew of a | asenrrestowrnsel cudvatyph viagasessmle beinglinade towedatendadial futy inthe corneaabl at i ng
the thin layeg renoved fir he cornea, whi.ch i.s shown supported by a pair
of cups; Fi g.i:oi@e ogmgnqpio_t:@ﬁ{%&?rg g?ﬂyoaﬁgmﬁcb%%ff‘mﬂwg- cornea whi ch has
been cut with a s[Bucaisa of thepegbMni rlated o R PHObAArt POthbL thefd istaltBn@Rinpea i nt o
first and second opposed internal surfaces in accordance with the present

i nvent i on; FiRped 5y improyedsmethods te orrqchenspighti ew i n section taken along |ine
20-20 of the cornea shown in Fig. 19;

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 cornea of the eye to modify the corneal curvature
without laser 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 cornea, thereby eliminating the need and complications of
woiking on a frozen cornea.

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.



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 | aser; WO d02{Hd 526 - 10 PCT/ US00/ 05285 Fig. 22 is a si ti onal
view in section taken along line 22- . _?~ of tt,p cornea §&§W§J’°?%?BI§| g. 21;

Fig. 23 is a side elevational view in sectdion taken through the center of
an eye showi ng the abl ated cornea of Figs. 19-22 with the fiber optic tip
renoved; Fig. 24 is a side elevational view in section taken through the
center of an eye showi ng the ablated cornea of Figs. 19-23 in its coll apsed
position) thereby decreasing the curvature of the central portion of the
cornea; Fig. 25 is an enlarged, partial cross-sectional view of a cornea
with a fiber opticAnother abjestraf, the inventioniindp prewida s method) thah earc modifia thent o

first and seco | nter . <. Fi 6 i n_enl ed ,parti al
Cross-secti onéiﬂg'\?ﬁ!ggvgggﬁ‘éé S%rﬁenag‘githv\nwyﬁ?%l@f}s g’fﬁ &'8 ?ﬁlbeﬁﬁﬁ’\ﬂnﬂ?c’gﬁn?ﬁgl ed
end for abl at ilagrbfthecaheca; Fig. 27 is an enlarged, parti al

cross-sectional view gf a cornea with a fiber optic tip having a bent end
for ablating the cABREST opjegt ofrise;invegtion jsnto ppyide @ Hathed Jorcmo they e

cornea in whi ciirfRaPbdtvathretty @Jm@%%h@}ﬁg%%@k&aeg%ﬁ?a%&' cigpde Wi th

a spatula to separate the Cornea at eac the radial [y extending cuts
into first andrasspapmtioptispveterialinte thestroma of the ewnéan accor dance with the

Pho radi al 1y ext endPaoisevt ShBes Fbufy ey §aihdl o CrBRniEE Silate o

plurality of roaeiatidy ofapatieaifsiiyelcomeghdving an exterior surface, comprising the steps of
forming a relatively small opening in the exterior surface of the live cornea, separating
an internal area of the live cornea into first and second opposed internal surfaces via
the opening to form a pocket, the first internal surface facing in a posterior direction
of the live cornea and the second internal surface facing in an anterior direction of the
live cornea, inserting a template through the opening in the exterior surface of the live
cornea, the template having a laser beam transmitting portion and a laser beam
blocking portion for forming a predetermined template pattern, inserting a portion of a
laser beam-emitting cable through the opening between the first and second internal
surfaces, directing a laser beam from the laser beam-emitting cable onto the template
so that the laser beam passes through the laser beam transmitting portion of the
template and onto at least one of the first and second internal surfaces in a
predetermined pattern to incrementally ablate and completely remove three-
di.mensional portions sequentially thereof, and permitting the pocket, after ablation, to
collapse and the live cornea to heal.

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 invention.



Fig. 30 is a side elevational viewin section taken along line 30-30 of the
cones of Fig. 29 with the fiber optic tip renoved; Fig. 31 is a side’

el evati onal vyd&g ézg section taken along the center of an eye show ng the
abl at ed cornea 672 gs. 28-30 in its col |l apsed position, T&EUSMISEECr-easi ng
t he curvature of the central portion of ghe cor nea; WO 00/51526 -11
PCTNS00/ 05285 Fig. 32 is a front elevational view of a live cn_rr~P,a, in
which a plurality of radially extending cuts have been made with a spatul a
to separate the cornea at each of the radially extending cuts into first
and second opposed internal surfaces in accordance with the present

i nvention; Fig. 33 is a side elevational view in section taken along |ine
33-33 of the cornea of Fig. 32 with the spatula renoved; Fig. 34 is a front
el evational view of a cornea that has been rad| aII cut as shown in Figs.

32 and 33 with coagul ati onB R B PESEE e WINGE radial cuts by a

| aser, thereby in f t t he
cornea; Fig. 35 |gﬁé§&§#%go‘gp§%}g?{a%§@c§v{?%§ ag{g({m%?gﬁ&elr?is gligo% l'ine
35-35 of the cor ndig.df iskiside eﬂevatmtahviehenlsemen takemthreughahelcenten gfihmeyeon
conducted at the.ends of the.ra :l cuts to increase the curvature of the

central porti Wie 1he,eomes, PPl angless; 35 i s an enl arged, partial

cross-sectional Vigy Pfs g sigeldiational Pied ﬂrseédontduan&etmattrbﬁo&m o
therefrom Fig. 37 1s a front elevational view of a |ive cornea t at has
been cut to f@&kcartahat & thindayeshas bwctsetovedqﬁoeh@wﬁr@ta)ft%pom@ﬁs thesgbyct i ng or
i mpl anting ocylar. ?ﬂj t . Qultsce@n €enl arged side
el evati onal vi g sgé(%rlﬂ%)anﬂl{&fg ttan‘?herggﬁ(i((ﬁﬁ’? ?1"5 n%%rrr]t?l £

Flg 3 is a diagrammatic side elevattonal view of the eye 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 comea;

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 cornea 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 comea;

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

Fig. 9 is a side elevational view in section 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 cornea;

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



of an eye showi ng the intrastromal pocket over filled with ocular materi al
thereby increasing the curvature of the central portion of the cornea; Fig.

39 is an enygp@agsi de el evational view in section taken W%ﬁ/ﬁ the center
of an eye show ng the intrastromal pocket partially fille 038Ul ar

mat eri al thereby decreasing the curvaturge. of the central portion of the
cornea; Fig. 40 is an enlarged side elevational viewin section taken

t hrough the center of an eye showing the intrastromal pocket conpletely
filled wwth ocular material restoring the curvature of the central portion
of the cornea to its original curvature; WO 00/51526 - 12 PCT/ US00/ 05285
Fig. 41 is a rear elevational view of an ocular inplant or material in
accordance w th théigprleserfront nlvmbhdmévoofﬂxaghﬂmgimhhﬂimslmvﬁﬁmmg 3Fig. 42

IS a Ccross-s Lonal W terial illustrated in
Fig. 41 taken g%%’?ﬁ Fi9 Egaqé’ije tjﬂ%dqﬁ%’e‘f"smé irecting fgdeses bepmn

el evati onal vaoam-dslmesegem eaamealpamh the center of an eye showi ng the
intrastromal pocket with the ocular inplant or material of Figs. 41 and 42
therein for increddgnk tsr?enéfﬁr%tﬂh"éﬁwal view ofcthe guidingonechanismfshow it or nea;
Fig. 44 is anggnh/@rged side el evationai viewin section taken through the
center of an ege ghowi ng the intrastronmal pocket with the ocular inplant or
materi al of Figs. Hg. lansiaﬁghﬁslt&remvmdmrvnekeﬁﬁ&aﬁomgketnhﬁm@uiwai&-llli(mEif t he
central porti Q of . t&)tﬁ corn a Flgl_" 45 S an enl arged si de el evatlonal Vi ew
in section ta 1*la flpe §‘Prow|ngthe I ntrastronal

pocket with the ocgpars ik m&mleﬁflombﬁw&fla 1 difiddgi &.ﬂ%m@rﬂﬂm?ﬁ g N for
mai ntai ning the original curvature of the central portion of the corfnea;
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 diagrammatic side elevational view of a laser source, diaphragm
and guiding mechanism for use in ablating the thin layer removed from the cornea,
which 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;



Fig. 46 is a front elevational view of a |live cornea which has been cut to
forma plurality of radial tunnels or pockets and showing a tool for’

i njecting i opl anting ocular material into the tunnels . 47 is an

enl ar ged s?‘&@’&?’é&gtl onal view in section taken through t'Ff‘eT/'g%P(P%FS of the
eye showi ng the radial tunnels or pockgﬁ&_ of Fig. 46 overfilled wth ocul ar
mat eri al thereby nodifying the cornea and increasing its curvature; Fig. 48
is an enlarged side elevational viewin section taken through the center of
the eye showing the radial tunnels or pockets of Fig. 46 underfilled with
ocular material thereby nodifying the cornea and decreasing its curvature;
Fig. 49 is an enlarged side elevational view in section taken through the
center of the eye Rdi@2iisg silkeeleautiondl View e lsection t4kek aRing 18k -1 oftbhe
conpletely filled wth cul ar material thereby nodifying the cornea;
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Fig. 29 is a front elevational view of a comea in which the radially extending
cuts shown in Fig. 28 have been ablated to create a plurality of radially extending
tur;nels;

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 cornea of Figs. 28-30 in its collapsed position, thereby decreasing

the curvature of the central portion of the cornea;



WO 00/ 51526 -14 PCT/ US00/ 05285 Fig. 56 is an enl arged side el evati onal

vi P. ~r ~h aectinr, .~kc, through the center of the eye show ng the ocul ar
implant il |wetbgisee in Figs. 41 and 42 inplanted in the ceppasikish the
thin |l ayer of the cornea replaced over the-ocular inplant to decrease the
curvature of the cornea; Fig. 57 is an-énlarged side elevational viewin
section taken through the center of the eye showi ng the ocul ar inplant
illustrated in Figs. 41 and 42 inplanted in the cornea with the thin |ayer
of the cornea replaced over the ocular inplant to maintain the cornea's
original curvature; Fig. 58 is an enlarged side elevational viewin cross
section through the center of an eye showing a circular cut ar groove in
the cornea and t h&i®cid igra frans eematioral F‘FGQISOfmi'vaﬁﬂ!’"ﬂﬁlq)WChmnl@@hbeof/\een t he
separated int =N | I are
repl aced or rlgjagﬁ*eeé on gtscﬁtégméo?g%gg{ag Wﬁgéﬁa@xﬂ %g ald ev%eaaﬁéaéf?hxgn ew in

section throubh mdldl)cemteadmgfcttdﬂmteyfksts lasdviseg@nd h@pesadeintaunf aefackf i he
cornea cut toformaf*aﬂf hawnlg Egrtlon still attached to the cones to
expose the i AEPYLHCE YerHi® cornea; Fig. 60 is a front

el evational view gdigagy go.yblaé ele'mloﬁﬁlltw@&r ﬁ%Eﬁfoh%kdn”ﬂ&%cﬁﬁ«Q@ﬁg? owtﬁeh the

present i nvention far inplanting wthin the intrastromal area of

cornea; Fig. W&@fﬁlgcﬂ)\ysthm&t@lﬁmmweé,w of the ocul ar | rrpl ant or rrat eri al
illustrated in Fi n tio front
el evational view %‘f'g t eltslaalkgge}’t%oeslntgon%?\/\ﬁl choqhha °°nb°§2tﬁatc ooﬁ Est o]

separate the shewh i@ FigR@2tand 33 ofitht dosgutaion @endudted af the shdsaﬁdhmmmpos ed

i nternal surf n accordance with the present invention; Fig. 63 is a
si de el evati dh per SH6DY ICTERSIRg %W"@?@% ”é‘@EIP‘?rB?P?#}L?W%r nea shown in
Fig. 62; Fig. 64 iggasf fsoxlgldeleﬁvﬁdnmnakwvihes\eet% %ehﬁ@wg@ o®lthd1 9. 62
wth a terrpl ate |nserted t herei n; WO 001 51526 PCTNS007 05285 -

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 cornea;

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

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

Fig. 38 is an enlarged side elevational view in section taken through the center
of an eye showing the intrastromal pocket over filled 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 material
restoring the curvature of the central portion of the cornea to its original curvature;



Fig. 65is a ~~~.e elovational view in |ongitudinal cross-section of the
cornea shown in Fig. 64 illustrating the tenplate positioned within the
cones; Fig. i ront elevation view of the |live cornea,j ed in
Fi gs. 62-65W8g8 ﬁ;\%{th the tenplate inserted within the cg¥%%g&§h%ﬁ% I"aser
beamenm tting cable or fiber optic cablg inserted therein to ablate at

| east one of the first and second opposed internal surfaces of the live
cornea; Fig. 67 is an enlarged, partial, side elevational view in section
of the live cornea illustrated in Fig. b6 with the | aser beam passing

t hrough a portion of the tenplate to ablate one of the internal surfaces of
the cornea; Fig. 68 is front elevational view of the |ive cornea
illustrated in Fi §ig el 62a6Rsableetionaieviel éfhen ioshlar maplastuof aekgiahds been

conpletely ablated to.forma circular, pocket; Fig. 69 is an enlarged side
el evat i onal @F“@&ﬁ“ﬁ"ﬂ% pgcggqtmﬁntgpfgﬁl&prqn%g@&%@g@hom in Fig. 68 with
a circul ar pocket Ffg0a2Rth drblsBitidna NEEwWSHRS o ‘&ﬂé}lhﬁ%kﬂa&ﬁhﬂﬁﬁﬁﬂfﬁiﬁ'g- 70
is a side elevational view in cross section of the cornea shown in Figs. 68

and 69, but Xig 4} takpealgng sectien linedRek2; has been col | apsed to decrease the

sl ope of the extegi f . ST (o P j | | evat i onal
view of the live gﬁ%%%%le u e?fgltd%gﬁ}'aqnﬁﬁlg. g,sg%nﬁguweﬁﬁ?%q@%ﬁﬁnﬁ i npl ant
of Figs. 60 afieh &t showingttledlintristromalyocket guith®Re ochilan implhditet amtdrisbofHigndi nent
of atenplate.fo | ating. at |.east one of the~first and second opposed

i nternal sur ﬁé_@ﬁé"% °f°%£?f‘\9'«'§aﬂ’ﬁﬁatﬁ%8‘_“?’?t?‘ﬁ§f : merﬁ?’b@tﬁ%@r’éﬁﬁ 63 so as
to produce a ri nQF{?‘gh@pi%Qn%Bl_a?ﬁ‘eH@iaé eleVdliondl JidvwPinBB&Hoh YkeR tHrSughakd deter enp ! at e
for use in the live cornea illustrated in Figs. 62 and 63 to ablate at

| east one of of peeye shewingke wirasamaknnsioe axith the equlps implantios materiahofFigs. ural ity
f radial |ines;k A | ' ' jment of
ohi area) b D ek RS SDSEL A UL BBROL PR T ©f ©

uni ver sal bl ank accor resent | 6
PCTI USO0I 05285 - 1Big-#gis anenlasged skle elevatiohal widw imrsadtionitaken tfroughahecdntedi ment

shown in Fig. .74; Fig..76 1is a.top, el evatjopal yiew of the enpodi.nent shown
T F g 7 Ol g by anping e PuubPR b R sk PR O GERE B
uni ver sal bl akindag Weéin Jort Maihfafi Fﬁ&?%nél%ﬁﬁﬁﬁ&%th@@én‘&@b&ﬁ@n&%ba“on of
t he enbodi nent shown in Fig. 74; Fig. ?8 is a front elevational view of the

enbodi nent sKOWEEBIin Fig. 77;
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 tfunnels 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;



Fig. 79 is-a top. elevational view of the enbodi nent showmn in Fig. 77; Fig.

80 is a front_elevationa,| view of a variation to the enbodi mrents shown in

Figs. 74 and “f‘?,"“’ﬁis%j. 8l is a side elevational view in section taken

t hrough the center of an eye and showi ng pl acenent of the ebfEusdsonesss of t he
uni versal blank shown in Fig. 74 on the-d@3%posed surface of the cornea; 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 cornea; Fig. 83 is an enlarged front

el evational view of the cornea with the universal blank shown in Fig. 74

present on the expeReso sUhf repf as shown in Fig. 82; and Fig. 84 is
a side el evati gnal 'f/g?ew in se%e?gﬁefgmnflﬁ’ﬁ%wwﬁw tdentiadughfthé fptedy ©

i I lustrating Ch&ereysshowing opoof therumpos dd e ‘uni versal bl ank
shown in Fig. mm@&%@ OPEngI PTI ON c%ﬁgﬂ@@dﬁw cepRalts As
seen in Fig. 1,é¢§ir}b§ye s &R %W@W@@mmmtﬁénuﬂelmi@bbkem, and
a lens 16. |fua thdevedasetie Ofrvithie .1 eng does not provide
adequat e vi sion, t]@e 5ﬁor nea can_be nggigﬁi%ge‘ilapﬁgﬂ’é’ga’&éﬂ’@WWth t he
invention to modi fyStitd® FLaEed sids clewsivdb B U2 ecR6T ak b SARAGE AR eqchd  POVET
of the conbi nefdthe asyd &Bbwing ore€ Y, :a thereby caorreci "vision. 'This
i s acconplished first bw_rgengv.ﬁgéatﬁélﬁlmnmi 89‘@%81‘@ etely tfilled cwiith eculpart of a
patient's | i VBatetial to.mam § pastion ofthe veraceat i dfiGinAIQhage g_ﬁ#lger%\efuch as a
er of abou

scal pel , Vi a paultd: | | b0 | ayer being on the or F2 min
t hi ckness wi tlﬁ tﬁ?ﬁ%‘%ﬁﬁ%%@&né@%‘é{‘ﬂ&% e guratyag of 4 seledtedquetion ofOnce t he

thin | ayer 18hgepmeat and renoved fromthe cornea, it exposes first and

second opposed ing g@l suq acgs, 20 and 21 resulting fiomthe surgical

procedure. Advant a?éou%sla?,e arged side glevationalswiew inmectionatikes thrbwghtth@ Gengd? ¢ he

remai ni ng papf tef eyehshowdiig) @fe oh ke hihnblk r i gkkdt) o&?plu]& ﬁmdayi Nootled t €
nal” su ot e

exci nmer Iase&“.ﬁeﬁgéhe.qﬁger and,f the cut Inter face

removed t hi n Fayar S a porden of the comes gt itxoriginal shapeand apptheriunnel oer | as
i1lustrated porkét enfilibd tandllshss o siseast thé Girvikge 61e) blbcthpatibRldeqhe AS Seen
in Fig. 3, the apparatus used in accordance with the invention conprises a
source of a %8 beam 22, an adjustabl e di aphragm 24, and a gui di ng

nmechani sm 26, al IFigls3g9aflerdd @i cldvagory Piewln SedtoStaRaAhisREh M2 centeli t abl e
base 28. The | aser heam source 22 is advantageously an excinmer |aser of the

argon f | uor i fcthe eva shoptingonq ofcthe gmnely 9a pogerssovesfidled aith qeylar magtarial to
hot oabl at e ; i 1w i
Boagul at ng ek Mo bP QA Hanichich ol SR HRE et b A pocial) ! 9 ©f

renoves desiurdillegtr dollepss ooflectdase the curestuernd a sélenteiportidnl o domrea;rodi fi cat i on
of the curvature thereof. T dj,ust abl e dj aphragm 24 seen jn Figs. 3 and
10 i's essenti al | /& EonpLamplogrbic ieraiansl Kiewin snn fker B foselteh o
central oriffcm e30 shdWihg & Min RSer &‘éj’oﬁﬁ)‘iﬁfft&rgdﬁ%r&ﬁﬁﬁ@%y Rnlo9él fbmshge by a
mani pul ation of a | ever 32 coupled to the di aphragm The di aghr agmis
advant ageouslive eomsscnd & qoplapmaterigl @4mplant of Figs. Al and 42 pegitinsed befwsen a st and

36 on base 2&5@%%9%6% LB&épo@gmtﬂ@gc&hgaghragm is opaque to |l aser |ight
the

and t hus when aser 1s directed towards’the diaphragm it will pass

t heret hrough onl yFigi % it heedangéd side d6uatidiad vidiwap bectigntaRén theonghtheusarin -

con unct! On W40 i frofhe o GedTE B Hu0ied 2 Fig. IPESY hPEhubled B e Ot &1
cornea with the thin layer of the cornea replaced over the ocular implant to increase

the curvature of the cornea;



WO 00/ 51 526 PCTNSOQO 05285 -18 the size of the | aser bepm p~sinb to t<hP
gui di ng nechanism 26, or it can be used by itself to provide ablation of
t he exposed internal surface 20 of a cornea at its centeg,nggkﬁzkg )
illustrateWOi%5PGys. 7-9 where a substantially disc-shap 9 A portion
3 8 is forned in the central exposed injgernal surface 20 by directing the

| aser beam 22 through orifice 30 of the diaphragm 24. By nodifying the size
of the orifice, the disc-shaped ablated portion 38 can be varied in size.

Al so, by varying the size of the orifice over tinme, either a concave or
convex abl ated portion can be formed, as desired. As shown in Fig. 9, once
the abl ated portion 38 is as desired, the previously renoved thin | ayer 18

is replaced onto (g 566 drldrgedisite cRRMBNGICiRP i Je@ihn3ecaNtlotgH thb Sert@nnect ed
thereto via sutures 40., Because the ablated portion 38 as seen in Fig. 7 is

essential |y 2Ttk 9§ showipgithaoculan implans ilustrated in Figs. 144 aod 4@ dmplantad én thel
f 20, | | | d, t t f
The cornea. | <ofea v theleih ROLhe Clrertihel Buli B PEIR imblif GubkEied, e

cornea and | dhscwyasureof thésormeen, in Fig. 10, lever 32 is used to vary the
size of orifice 3 d is capagble of being nmani pul ated by hand or by a
sui tabl e conventi %Fﬁa%?&“&“f“ is@ﬁ_"@&ﬂmﬂ@ %W&&Péﬂ‘epéhfﬁ\‘&@ﬂ@% .
expansi on or of @ dy8Ghéwifig @e dchiRr Bfiplért GRustated GCRBZS A1 Yan@ Y8 implafied irf\heSEEN i N
Figs. 3, 11, 12 and 13, the guiding nechanism 26 can be utilized in
addition to ¢emepwiththethiy layerof thegomen genlaead over ghel epular fmmplanide maintaint ont o
t he cornea. '%r&g' '-Pﬂaﬂﬁﬁg i.sm 26 is especially advantageous for
forniing an Hnu ar‘sglt-)l ate p%’i on 42 in surface 20 as seen in Figs. 4-6
for increasing thE€ig¥&isxnl entanged atdeelevatfontlhdewe in spesa seotion sterouphi the Ednggs. 4 and

S, this annul ar abl ated portiqn 42 is spaced fromthe center of the exposed
i nt er nal surf°§€8 ?6%‘“%@”0@%"%%\57"8&P}/‘deé’ﬁ’B‘%an thepeplst ienipnt yerp18

is replaced agh stitandesd pbdiorlelivatwerl e bpaffed! Mtchfil fl%"e% GaNvetsre theer eby
modi fying the overall curvature of the cornea. WO 00/ 5[ 526 -19
PCT/ US00/ 052 &sparated igterngh ayers grereplaced onrejpined pp thegameting nechani sm 26
conprises a standg!. .2oSURP L QA1 Aall I j Lally
i nwardly facing rgx ésssgs‘gg ?ﬁ%?@?‘ﬁl@nﬁ %?Eﬁ?&mﬁf@‘?@%@%@%%@?‘g%ser
i ght, is | ochownigithsiouter siréace iofi gheacmindaaaut do dnni A diapclavingxd potionrstiB2 wi t h
an outwardly facin | ange 54 rotatably and,slidaply received in the
recess. On tﬁé‘a‘aﬁﬁ‘n ?Fggatgff%oﬁ%ﬁ‘(%n Wﬁqmﬁéfﬁg’ﬁ&mﬁﬁst ring 46 is an
exterior toothed ggar656 &hedntidevafioRNIRGCEERL Wulal ithpRinkic® &t aport ed
on a shai3 60 of a notor 62. Rotation of pinion 58 in turn rotates gear 56
and di sc 50. appredagpe withdhe presant inygnion forimplapting withincthe injissteomal rsei ofe 64
f ormed thereitﬂe?@;’nti ally fromone radi al edge and extending radially

e ce

i nwardly past t nter point of the disc. Adjacent the top and bottom of
the orifice 64 ar &ig6pis acrofs-sectionhll wi¢w ofthe scubs implentas materighillubtratednms ki ng

cover 70, whigh j.s U shaped.. n.crgss, section, is slidably positioned Thus,
by novi ng thelplﬁadg%lﬁﬁa{éf}gg‘?m%h%@ﬁ@’the rails, nore or less of the orifice
64 is exposed to (FRELGEya Rbit@lvitivhal viéw bEMms livastieal wiith hds ®egdacs withar et hrmugh
and onto the cornea. Clearly, the larger the orifice, the Iarcger the width

of the annul dPolipsepatste the paniralportiongiithe gomea fiyo first and segondipppeged interpple
orifice 64 algmlotPicEsrdad withfe priven@ivintiay; abl ated portion 42 is forned.
Enbodi ment of Fig,. 14 Referring nowto Fig. 14, a nodified guiding

mechani sm 72 i s sHisué3vibacidei elevational wiewtin longitiding anessiseationrof X8> edmesan i n
Figs. 11-13 g@ﬁg ?ﬁglg‘ﬁ .the size of the orifice is not variable. Thus, the
nodi fi ed gui n‘SR chan’sm 72 is conprised of a ring 74 on a stand 76, an
opaque di sc 78 WhiFig) 643s 4 fomttebdvhtional view bethe lingcothed of FiglioR alithen template, not
shown, and a slidahl e, masking cover 80. Disc 78 has a rectangular orifice
82 extending ‘B?%& T8l ly there across with parallel rails 84 and 86 on
top and bottom for slidably receiving the masking cover 80 thereon, this
cover being Ushaped for engagenent with the rails. The maski ng cover 80 has
its own orifice 88 therein which aligns with orifice 82 on the disc. Thus,
by sliding the maski ng cover WO 001 51526 PCT/ US00/ 05285 -20 80 al ong the
rails of the disc, the location of the interj~. ~ un of orifice S8 and
orifice 82 can be varied to vary the radial position of the overall through
orifice fomaed by the; conbination of these two orifices. As in guiding
mechani sm 26) the maski ng cover 80 and disc 78 are otherw se opaque to

| aser |ight except for the orifices. Enbodi nent of Fig. 15




Referring now to Fig. 15, a second nodified guiding nmechanism 90 is shown
for directing |laser light fromlaser beam source 22 to the cornea 12 al ong
the desired predeterm ned pattern. This guiding nechanis fOREREI ses a
mrror 92 WRi%&S2%| |y supported on a stand 94 via, for e%&g, a Eall 96
and socket 98 joint. This mrror 92 can be pivoted relative to the stand

t hrough the universal joint by neans 0T15a‘ny sui tabl e devices, such as two
smal | piezoelectric notors which engage the mrror at 90 intervals. For
exanpl e, such a piezoelectric notor 100 having a plunger 102 coupl ed
thereto and engaging the rear of the mrror can be utilized wth a spring
104 surroundi ng the plunger and maintaining the mrror in a null position.
The notor 100 is fFie0ksliya e RIS, %9? ' stand 108. The second
pi ezoel ectric rmt'org? not s'hovvnc, &ca% ﬁ%‘pl%ggoa ec?lﬁs%%f%%f“ﬂ?%°%85r?88¥°aengages
the rear of shoowvninFig 64 dustrating théwemplatatositionedfwithd the cd@bs; By usi ng t hese
twQ notors, springs d Dl ers, the mrror 92 can be fully rotated inits
uni versal joint t gdﬁlgg%n?ﬂquugggpw&j Iivesamep ilhsatedindigs 6208 Br nea 12

to ablate theithahéRmplate RsdiedHaibe Mk 6P Rld £labkr bEMR A s 16-17
Referring now to Figs. 16 and 17, a thi ?d nodi f 1 ed g%&?ﬁ%aaﬁgﬂﬁﬁgm 111 is

shown for abPBHS sRblexinsestedctherein to ablate plolonst rnge |ofi ke first ghd sécondnoppesed sour ce
22. This nodifiied <G ¢\ @esM 111 basically conprises a cylindrical
housi ag 113 ha\flﬁ%gs an %g%agg T rseta’ end 115 rotatably receiving the end of a
fiber optic cabl eFigl®7 tihen enlargedhparsa e sidel elenatiohdlOvied ih hectionusfi thg livenpri ses
a rotat abl e gpaque, di sc, hayi n . 00/ 51526 -21, PCT/ US00/ 05285 a fl ange )
121 engagi ng"‘?r?‘ga ﬁ}ﬁﬁ7%&a¥1§ug6 371&91‘53?585 ﬁ%ﬁ“ g%ﬁa‘f’g%gu%m@ﬁﬂm ef#hf engages
pi nion 125, wiaiptdle ioSablhitd otR1df WHedntehal surfdcdd ofthe coraéLr 129. Thus, rotation of
the pinion results in rotation of gear 123 and thus the opaque second end

119 of the housi ngig- Ghisdrogtelsyrtional yiew of thelivecomea iltustrated in Kigwres 6162d
rectangul ar gfdf 48 ihRGLLE j j of; fiber
optic cable %‘SH(% e?%?%.lﬁ{léhﬂaa?k@ﬁ O?Qﬂ?}%ﬁﬁoﬁx@?ﬁ%%@fe@?bfﬁ&?é éel{ct er

di mensi oned pockethat it fits fairly tightly into the orifice or there is an
addi tional suitabl.e senmbly utilized for, naintaining. the fiber optic cable
end in a predet erb#ﬁh@(sj‘sﬁﬂsef‘{%f%h s\d °§H§l°8fli‘??v(:3‘ Wisﬁ%’c’f‘@?&ﬁlﬁ'ﬁ% *$he
second end. kipweME Fig. 58 withritciiarotkdd forfiled tatetn andqpiriot toycollpsingehepeoff i ce to
change the position of the annul ar ablated portion forned l?qy u,tiféézi ng this
gui di ng mechani sr¥igEfRis @isiderplevationa] yew ipcrpgsisertion of thefRmeg shawp Infags. ¢ 5t her
than ablatin BOSHRE tHeMbRfeAPockit hdstetn ciliapidd bd'8echddsd @ sibge of the | nNner
surface 133 g§ %%g??ermvegieﬁ%}%n or neal | ayer a%’E‘}dcan be abl ;tged utilizing

t he appar at usxtefioranrface ofthg.com8a; Li kewi se, the apparatus of Fig. 18 can be

used on an eye bapk rnea.,r A e Elﬂ% b in the
p?ti e{lt' S e¥;htoaﬁ‘§dffm%%e ??%%&J&%ﬁﬁi%ﬁ)%féﬂp S {(%gggfirféz?’(rzlgu?ne?! "
structure. ith tixjealafinhsiatt ©f Bigs.G0an insource o e laser lig
22, an adjustabl e_di ag_hr agm 24, and a, uigtitn% WFChﬁgi slm 26. .1n addifti on, an
iassenbl ¥h;34 is ufigl 7é§z“t"3°‘§‘6ﬁ5‘ﬁ’cﬁ“ib°a1‘i‘g°ﬁ 11 jnp atq " ?mé%?ﬂer? ;:or neal
ayer. IS ﬁf]élﬁ%ﬂ d 6pp03Ed mfetnal sitfhcés dflthe Reorreh tERiRSHIgH. @RT Cups
136 and 138 that aresj ol ned toget ﬂersi n .as sealing rel ationship %a cl anps
140 and engagad 6hsrashiepredece & fing-shapedrablationsphery of the thin corneal |ayer
18. Each of the cyps,has i o] 4. far .0 | dstRkSzuUri zed
air or suitable fﬁ% ayisn %&gé%c%\\/alugé %E[?ﬁj‘)é%gHé}é%hnd&i}fg?b@édu@%g this
pressurized @igt6d a¥63 tolablateut feastams efithe ifiagt and &Bondsoppesedtintemabsurfaceshe
desired curvature so th:‘ii the | aser beam can provide a precise ablated
predet er ni ned” PRIFAHOATAURIGS | n order to WD 00/51526 -22 PCT/ US00/ 05285
mai ntai n4the curv gg"'ﬁ 1§ hO¥BsgeBtivel Hlew b anbthér BiBsSHéR oIk {uliCertdl PHnkhand
ade ;)1;] tPﬁ_thl n_ géet{wla;ailt[nggt{tpzsg_rteagler tgﬁnttgat 03 t he Llef_tthand si de.
ce the i racerodin uitably ablated as desired, it is
repl aced on the exposed internal surface 20 of the cornea and varies the
curvature of the overall




comes as described above and illustrated in Figs. 4-9. Enbodi nent of Figs.
19-27 Referring nowto Figs. 19-27, a patient's live in situ eye 110 is
shown for the treatnent of myopia in accordance with the knvention.
Eye 110 i nMAUM6824 cornea 112, a pupil 114, and a lens 152?/%&5}%%82 treated
in accordance with the present inventiop w thout freezing the cornea.
Correction of nyopia can be achi eved by %ecr easi ng the curvature of the
outer surface of cornea 112 (i.e., flattening the central portion of the
cornea). This is acconplished by first cutting an incision 118 into the
epitheliumof cornea 112. Incision 118 may be curved or straight, and is
preferably about 2.0-3.0 nmlong and about 3.0-6.0 mmaway fromthe center
of cornea 112. A (O = (T | e i ed,.may be used
to make incision E%¢f ﬁgc%(}%ﬁggwf?%élvf?Ogé%né@réﬁlgeag%%@ag%' %40 once
incision 118 is nHite76 is adppelavationat Gicwofithesmbiodithentshown i Figi B 118 to
separate an inter r. f. . lLlLke cornea 2 intq.first and se d, opposed
i nt er nal surfaces?%ﬁal%% I%fsfe&‘f RePehy" &P ?’i?ﬁ%"@ﬁm‘r“ﬁt" §swwrg@f’ki nt er nal
pocket 126. [abdopding tol the Prdsers iivientich, WBith fi9l§ @&riation bh thelepfbb@iient shdivaggt i on of
eye 110, whil e second internal surface 124 faces in the anterior direction
of eye 110, &M "hot h of these surfaces extend radi ally relative to the
center of the cor ' ' reTatcl .. p26+4.S Ccreated by
novi ng spatul a 128%321%1%%%@ (e)tdtaﬂgé/l\ngt&mor%%én H?ta%g?érhgﬁgﬁng%gg’of cornea
112. It is inport Bigt 7hisertor elevativma) viswaif éite ebdodimenkshopn sipBigu?? 120 in
substantially a sin . pl an nd. subst anti al | 00/ 51526 -23 .

PCT/ US00/ 05285 tah{fghﬁsaﬁ ffong e&ﬁ%‘%é\r"h“é&"}s@‘ Srietion o 5% pbciRen HOWPAD &t

i nt ea~sect i NFigsa?and77;-pt uri ng the descenet or Bowman's nenbrane.
Preferably, spatula 120 is %gout, 3.0-12.0 mm |l ong with a thickness of about

0.1-1.0 nm and aFi& 8t i amdegieyations! Yiew ip sgehion taken throngh the cepter ¢faneye ght | y
curved, as SGRAsilg Sacehitnt GHind Ebolifncit shORiveriiliblafk shodRdh ¥ 74 8R 1
shown in Figs. ?LQ anédﬂzzwc? for separ gtalﬁ%g ét;ﬁde1 ?%Y%r na1 sgt?faces %f cor nea
112, a fi ber thepxposed strfase obthpkcenied;0 a | aser beam source nmay be used instead .
of spatula 120 to,separate cornea 112 jnto.first and.second osed

i nt ernal surfacespﬁg?}frme _eH@eg]égﬁlopﬂVﬁ\%@_segfng?ﬁnglg?uggﬁﬁ%?e dcket 126
is formed, acfiaRelye QRd iiBuskaidgCtht ivdiveaal BlaskobiRakn! i Figl 74 @bsifigtied oncthbl € 132,
which is in turn coupled to a laser, is then inserted through incision 118
and into poclegposd ofih¢ ¢aPey a substantially circular area of cornea
112, thereby renpyings g HOSLE0 £ levalicasr iGRRE L QRinGhe GAVAEA 112 tO
form a disc-shaped gr(;avi ty 126§é.}lt Tﬁleeréggeor%&lbeam egn‘cttfe% from‘jfi p 130 may be
di rect ed uporblanktshewn fni Figt 74 ptessnhah theuexpased sude tharenfrad showreinkig. &r f ace
124, or both, gnd renoves three-di nensional portions therefromvia

abl ation. Th&%i ber optic cable can be solid or hollow as desired. The
l'aser source for Figd)es isuNideCelGatibrl Yidw in Sectisly ARdrAGRARE th canterasTthendyeel engt h,

infrared | aser, such as a CO2, an erbjumor holmumlaser, or g short
wavel engt h, iNusEatingbe flapdike pgrtion sepoaitigad. qver e upwersal blank shownip Fig ge
type. This ty;gg' of |aser will photoablate the intrastromal tissue of the
cornea, i.e., deconpose it w thout burning or coagul ating.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

As seen in Fig. 1, an eye 10 is shown comprising a cornea 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



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 | aser beam 28 0 .t he
tip. As se¥R¥53 g 26, tip 130' has an end with an angf%%laioh?# g{):e for
directing the | aser beam at an acute angle of preferably 45 WU 04/ 51526
-24 PCT/US00/ 05285 relative to the tip tdTaid in ahy~g d,e cornea ~
desired. In Fig. 27, tip 130" has a curved end for bending the | aser beam
to aid ablating the cornea as desired. . As seen in Fig. 23, cornea 112 is
shown with the substantially disc-shaped cavity 126" forned at the center
of cornea 112 just after tip 130 has been renoved and prior to cornea 112
col I apsi ng or t ' : j | LY ety Re..vari N size
aad shape, deggédvn%i%ﬁ%gﬁb%ﬁcghﬁ%gﬁygﬁpgﬁgvmétdure rrscﬁ%?flg%g't?sl%lﬁ lrrl‘gfe3 'Léd to
correct the patcomplished Sigst by gémovivgra thirdiaysy| 18, froamthe tckmtercpacti oferpatient'allive
intrastromal area t he.cor.nea may,. be renoved to nodi fy the cornea as

desi red. The PR PLOGSECHER Mol GE o ReciS: TR 0 A APOR b one: St For
exanpl e, nor ethiMigyed Bing o thecordaoNadeut! 0. Dt HethRRhése Wathythe lovérle ceeea t han
fromthe center, portion. Alternatively, nore material can be renoved from

the center poP¢ingabouhdn mip imihickpespePneafhe tin layerd8 igput and resweyed Epmdbe i pher al
portions of t 0 i i f center
orti on of .t hear HARRH A bnd ol pRALF Rl uckls AU e Bl CET1 T
Fig. 24, aft etheporgical po2@iures Advantagebuslydit is the Efbsedintaread suifive 28lnathed
cavity 126' then.colla under, nor eye. pressure.to reconhi ne abl at ed
first and secﬁwgﬁiﬁﬁ%meﬁ%‘Sltg%g"ffgﬁg’iﬁt?&vfﬁg‘? SXPRE ‘88611 EBsi ng
and reconbi ni @@ otfer hif, thelchpigiterAMRrfadé 2Pofhe kéifoved IR Py StETtRAGRTealchs
curvature of the central portion of cornea 112 fromits original shape

shown i n brokalgo be thedanget qfithe lagay; asHlwstrated im Bign 18 and-digousseq in f detaiber i od
of tine, depeg%gﬂgﬂé?n the patient's healing abilities) the ablated surfaces
heal and grow back together, resulting in a permanent nodification of the
cornea's curvat ur eAs sedyodl Figt3, ohe Fppmatu &s&ll ilRafoordanceg with\ithe dn¥éntjen 28- 31,
an eye 210 is _shown for the_.treatent, of opj a | ccordance wi th anot her
bt ment. of SUAEIE BEHES P et BTN 2 HeRlails BarRigr e 5995 Sictpd: |

214, and a | epRchkhftm 16)81l ﬁﬁgl@@_adjmhmcéyeqz@tagdswgbhmqafma&i:weizs, In this
enbodi nent, correction of myopia is acconplished by first making a

plurality WO 00l Bhesinger bremsoyee 39 19 sdramtageously Angxeimer daserof thg argon-
intrastromal igNGi &l i f i I : se

et 5 one 16 EGHE SEEERENdR oibe., This hdbelsel i ool e gl of 6

i nternal surf acraea, 222 deedmpasé atwittamh bofningher icnaguiatiog swididlg . wdsild sindulpt er nal
surfaces 222 f.ace i he posteri.or, direction of,eye 210 il e second

i nt er nal surf&ﬁ%@g%@ﬁt"?’ﬁégsﬂen 1 ablafion regioves 8"58#8??%8# 8@’@"’2’1‘3&62‘&&5 bot h
extend radi al kherdv§laBbwy Rr iR diflearichTER cublatirdBeredf N€a Spat ul a 220 may have a
straight or curved blade with a maxi num di apeter of about 0.1-0.2 mMm A

2
| aser may be used Thatadhteble digehresm 2 6eano i@ in@pdi hds 2agntiglly gosired.
I nci sions or uRARKANEH b Glephagd Hiffh GRhdfRABT A cntbal’ HTR! 30/ tHaf RS §8 t he

coaster

increased 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 turn
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



of cornea 212 fromits periphery. Preferably, incisions 218 stop about 3.0
mmfromthe center of cornea 212, although incisions 218 nay extend to the
center of cornea 212) dependi ng upon the degree of myopia._lncisions 218
wi Il nor malWgowstsind about 3.0-10.0 mmin |ength) again d&gERETRESon the
amount of change desired in curvature of cornea 112. Wile only radial

i nci si ons have been shown, it will be apBarent to those skilled in the art
that the incisions nay be non-radial, curved, or other shapes. Wen
creating incisions 218, it is inportant to keep the spatula 220 in
substantially a single plane so as not to intersect and puncture the
descenet or Bowman's nenbrane. Once intrastromal incisions 218 have been
created with I ' . t able tipn.230 coupled to fiber
opt 1 ¢ cal ¢ 208 P e iaker il B0 PY 8 il bty "B Beel Y ono 216
for abl ating itselfite psoviid@blatiort dfithelepbsed dntarnalaurfads @0 bfis eornbxd its Senitdrt ed from
tip 230 may be dirgcted.upon either fjrst interpal surface 222, second

i nternal surface 2 s,‘%t'ﬁj"gg?tﬁ‘?f“b ‘%f‘oliéé iYhge: & SHRstantiaby; disqrehensAAPlated

t hr ee- di Mensi §éabn BP st fofti bR dnBRISGpsdsl iRGRA sulth® JoAnedires@il &8 1dser cabl e
232 is advantageously simlar to the Faser source for Cable 132 discussed

above. Ref er r besgp Fotropgh prifiee 303§ therdiapbuagme? 4p Byrmegtifying the size ofthewsifice226 are
shown. In Fig : Ios L0, abl. at ed t 6. ust after
15 230 hao b dbe-sieBaRace buiids 38 Bthelshi Ao BouE Alsd 0 B pit S
tunnel s 226 cthelorifisé bgeraimd, lenilidr @andoncave b chrivgx abBlated poffionRan d& Fornseds AOWn
after ablated,tunpels 226 .have coll gps to rec ine_fjrst and .second

i nternal _surfﬁ‘i?g '2’_5?“%???’819%1?;9t‘?¥§?§§ﬁ&#§tﬂ°§@%§t}%ﬁ%’é“§ﬁprﬂﬂ° Yher
words, this cridoeshitlagerds  iSeplattidbntOthe Eorhddan kHlabREddporin 38284 c&f bd he
cornea decreases the curvature of the central portion of cornea 212 fiom

its original emapdedthergie vigsubiresd®n |ines to its new shape as seen in Fig.

31. By coll apsing 4 t I LS ald: . 9&% r ce of
the cornea to rel a’i‘%t“‘?s.g?‘% gg%{cegé%gteﬁb%s%gr f’%géeeit%n%%?l,é ?gsere y %Z’#{rﬁr@fﬂ ng

fl atteni ng of cylindricab depressiokrity tdi exposed trfterfdl garfac8 20,3whdrethe thin ogeublayeo Fi gs.
32-35, an eye_310 i s sho for the, treatnment qf hyperopi.a in.accordance

wi t h anot her éﬁﬁ%&‘?pj@ﬁﬁ!ﬂ '3? uRatss of dhg comea i ﬁ‘E?FFag%yéh"giW pordy % cornea
312, a pupil ghdetivdPewer dfeRScopied andhé §&feindn of hyperopia can be achi eved

by increasing the curvature of the outer surface of cornea 312 (i.e.) :
maki ng the centr al ApésseniinFipf 10, Hever 32 rie asedotoevanu theesige, ofnprifics 30, fapddy | ng t he

cornea. This | | sh ' I ' ! t I

et a1 ons o FhARERE oA Slpks BP Akibor by st obtiodl i, bR en,
opposed i nt er batoosdindted e prSade mnctpadibon of uommtitonI¥thecotifiends secoshyriveal | y
radially towards the center of cornea 312. Wile eight equally spaced,
radi al tunnel 8818 are shown, it will be apparent to those skilled in the

art that nmore or fgyW&den ikFiRe 1351110 And 83, )hdEhidlhSinadHeRismPBah beBNlide inade,
dependi ng upon the amount of curvature nodification needed. The initial

step of maki nadditien tojq5in plsee of the diaphragm 24 torguigle thestaserdight; ontp the eameag ¢ he

initial step g Flﬁhﬂ;&ll [:Si . i j atul a
320 is siml a?ﬂl}s sp tu%cg&g%gglﬁsc slseg gﬁ%@éﬁgfigﬁuﬁg%ﬂﬁ&%ﬁg&; be
used to make portibs 2 irssudiace 20nasaben it Figsi 4+6 tferdocreing pleet aviemll3ovatuinefdhe unnel s
318 are created) a fiber optic cable tip 330 extending fromfiber optic
cai~l e 332 i s¥"H®:rted into each tunnel 318 to direct a | aser beam on

ei ther first 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 comea.



WD 001 51526 PCT/ US00105285 - 27 internal surface 322, second uliva.lrG 1
su;iava 324, or both internal surfaces to coagulate an intrastromal portion
of cornea %&%Mé& seen in Fig. 34, a point 326 at the endcplisfmsdssof. t he
tunnel s 318 i s coagul ated Preferably, coagulation points 326 |lie
substantially on the circunference of al§jrcle concentric with the center
of cornea 312. The size of the circle form ng coagul ati on points 326
depends upon the anmount of curvature nodification needed. Likew se, the
nunber of coagul ation points and their positions in the cornea depend upon
t he desired curvature nodification needed. Coagul ating intrastromal points
of the cornea 312, such as coagul ation points 326, wth a | aser causes

those points of t e seart Iile@igsand-le,sﬂﬁcélﬁdih%niebﬁau&“sﬂi R8RMPHBEAR' £isfand 4@ heat up
and shrink. This | ocal.i z&cj shrinkage of the intrastromal portion of the

cornea causeSURROEIRG A R 49, this Hns bevinga radighiy, inwardly facing rgease A thersin. pdl | ed i n
a posterior g ty p%&l&‘ehto 8. G j ! ehy causes
an increase iquld&?ﬁ’ewos}é%taﬁl cur\(}%ftfr%t’gg?o{gﬁg@%fraﬁggwagrgeh%plgﬁhﬁll%élsg%.
Coagul at i on, extghdien 52 With am batwardiynfacing flangeddpbtamblydnd glidablyrgceivedaisthe havi ng

a wavel ength i.ch enti all v cooks e .cqrneal, ti ssue d which.is
bet ween t he R&VEr engt %c%lgnglg&%ia?(ge&sw %2 ‘de%’ge’&ﬁ”fdfmﬂq é}ﬂl‘s 4 TR ¢
ul traviol et Itbahdd genS®thatiarih efgagbment with LPinidR S8 suppdried onIGshaft 0eea t han
using a laser to renove corneal tissue in the cavitjes 126 forned in the

cornea 112 ormYRf o RefatiAR QEPIRIOR;SFjinim rotaieygstri Shgndifise PO.t i p 400 suitably
coupl ed to a rotarye QiscOstr itbdifhis"sh 913&%@%@}3@1@@&%? hGkigt & the
nmechani cal de

tissue by cutting. Likew se, any other suita vi ce can be
used to reno\eesentipdlydommotd radiab and exXtendingt radialiyninivardiys paspithe gentertpoint

evacuati on dewyj,c sych as.a vacuumt ub can. al.so be used to.ai.d in
evacuati ng fr°ﬁh°{%#8' E@Wf@ ﬂ?cntgp H&%gu\'ogﬁbe\%gic? p%meta}?gucogpm@gl méﬁt?gdi ment
of Figs. 37-4hnd 680 wiikhoel addkingdovelCTD, Whith/iO B2sBapddah @fdss B@titgs §lilablygs .
37-45, a patient's live in situ eye 410 is shown for the treatnent of

hyper opi a or Pegitiphed- R, 8Y movieds meskingsayerdfilons thegrils mope o8 Of RS opaque
portions of tfg.c0k ﬁ%gpéfgdg?gtﬁ%%f’ﬂ %rrﬁbﬁe%rie@@la&?ﬁgﬁ% phﬁWﬁgha%ge eye

410 of Figs. 37-40 an es a cornea 41 a pu a lens
416, and is tontoathe doinea.aCiearlyathe dargert the vtificep theslarger thevwidth ofithevianmudart

freezing any t.ion. of carnea 412. . Correctjon .af i a,and erapi a can
be achi eved t?g%?&?f’ 44 wﬂ@e.ﬁﬂy{é?t&gcgheo 156G, h‘g ogﬁfeeéwéi%ﬁoéa?&é %&@Shﬁea 41 2,
i.e., flattennhgarddbfatsdqiottichl4209fdmmed of a cornea in the case of nyopia or
increasing 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. |nCigiifler®of Bk, ¢ curved or straight, and is preferably about

2.0-3.0 mm | 20-6.0 mMmm away fromthe center of cornea 412. A
| aser or a doubl eRethpingmniw ® Figpyl4bemodifidd guiding keechanisims 7is sovir whick isr nea

412. As seen i.n.Figs..37-40 .and 43-45 on i nci.si on i spat ul a
or i aser - pr oiitar o ighd merRfm 28 AewarBed 1513, Slpot vhar e FBE B ot SPR L

o4 her aby A et a3t e i n the
previ ous enbdihgntnn dstard 4 an ppequp disei78vhishis getatable dp thefing vin o syitgbles i n t he

posteri or di riggh} 9B dbwhYaaiAgabinkSaRRLoNcko. TWis! Mhassielihifile Sndaces i n

the anterior direction of eye 410, ~ and both of these surfaces extend

radi al |y rel 282 extending tiemetricaldy thefe adresscwitn parallel xailpgé land 86oen tapnandhy e

corneal tissue renmpved.from either or h ! I r . and
424. I n ot he'r.i’%ﬂqg’f sﬂﬂ?béf ﬁ%cl%iv {hgcﬂé%s i g%rdk(ﬁ?%;%ﬁ’ ﬁ%é@? (ril%lrxrlglzé’pocket
426 can be abdhapedcfopéngagémdénd withithefaile, Thy idaykinglbeevenBO hbs itgown orificen’E ng of
the internal surfaces 422 and 424 of cornea 2 1.5 tticularly desirable
to renove opa@ﬁféma‘?'}&“aléd&‘s% °ﬁ¥%5’“ﬂ?"t‘g%3ﬂl}“§eﬁy %f"’r%tg? ma&“xga?wgﬁrfaces
422 and 424 of cornea 412 can be renoved by a scal pel or a dianond tipped
drill simlar to the enbodi nents di scussed above. Pocket 426 can be created
by substantially the same nmethod as WO 00/ 51526 -29 PcTn~soo/ os2as

previ ously di scussed. O course, incision 418 and pocket 426 can by m~c iu
one single step by a laser or a cutting nechanism Alternatively, none of
the corneal tissue can be renoved frominternal surfaces 422 and 424. As
shown in Figs. 37-40 and 43-45, once the pocket 426 is fornmed, an ocul ar
material 428 or 430 is inserted into pocket 426 by a tool 450. Qcul ar

mat eri al 428 or




430 as used herein refers to transparent fluids or solids or any

conbi nation thereof. In the exanples of Figs. 38-40, the ocular material is
a gel or fluid type material 428, which can be injected into pocket 426 via
tool 450. 1@ 8?5%? words, in the exanples of Figs. 38-40,P¢1EY008%85 s a
needl e for injecting ocular material 428 into pocket 426. In exanples of
Figs. 43-45, the ocular material is a f1%ible, resilient ring shaped
menber 430. In either case, ocular material 428 or 430 can have either the
same refi~active index as the intrastromal tissue of cornea 412 or a
different refractive index fromthe intrastromal tissue of cornea 412.

Thus, the vision of the patient can be nodified by curvature nodif cation

andl or by chag@hldfg it reqver, the patient's vision can
be modi fi ed bg?arregge yq?ﬂessrgofr/ﬁ%b %5 18 ﬁo‘b?%&‘é“ﬁ“ﬁ“?ﬁﬁ%ﬁﬁ@ﬁ agé grifiesp| aci ng

t hem wi t h ocu$heanbe variedito WMaadmIpmMoh\o@tﬂ nelgrallt
e R e A

ocul ar mat or i o SitbBidtior B BEG o oriteth, hod mmidnaamesbanion<ds, shel bdig, 07
conpl etely flddve:oB(IahdmlMIm)&retJﬂfbnGi@é Fﬁi@ cavi ty or pocket 426
can be filled conpletely with the ogﬁlag?ﬁrlrgabtger gfxcf-%%?rtg °§he nor mal

curvature of cornea 426 as seen in Fig. 40. The anount of ocular materi al
introduced t opRRsdaRint 4£RicCP be increased to increase the curvature of the
cornea fromt vature to treat hyperopia as seen in Fig. 38.

Al ternatively, thé’s;z_mr?fmovotoFlgeliyalsbdbhdmﬁﬁfedéh1diﬂ§trﬁ&ﬂbiﬁ§99§2 @%&‘Jﬁet 426
can be reducqg &JPecgﬁC eag {ﬁ% rvature or flatten cornea 4 romthe
original curvar Ui S g, a5 digh E‘F&'t%%mss@@ﬁe 24 tathg corpen 12ralong the tdesintdi s

sui tabl e for praietepinkd pattedd. OThiPuididg HefAhS he .0

00| 51526 -30 PCT/ US00/ 05285 g, pocke 4%% i's %’?O%ﬁ’gﬂ S |n§) 02 SiVesgliY o ps 472

Rd 42n. of® fn 2 signd Bay Wk,amgsmd&mﬂsjmulﬁﬁsﬁﬁi@ﬁal 428
Wlt in corneaad n w back to resulting in a
per manent nodi f ?egatl?agﬁd 0 fvﬁqut%é:%%gc‘ gnc%ﬁ\}ﬁ? &P‘é{emall%g’ﬁtc"ﬂl meansof @y | 428

i nj ected i nt GujablddavicegGucines tve sl piesobiattie nibBIre Whith ehBie the mirror at

bi o- conpat i bI ?}Rervﬂ not visuall X interfere with the patient’s eyesight.
Preferably, fRe ISR, ToRELmRs ot (?I'ezP?l&‘éﬂc HBtolldOpéa&mgraawgwrdm

gel I abl e col lcogpléd theretd g efigdgiip the felr S tht Hiu‘?&tc%"b?uﬁ {,}, s ﬁ‘gal | abl e
fromvarious co J‘CI al sources as known in the art. nera !

col l agen to BWTQRadmsithe plpngenandsnsintainingdhe nisror irsa pult positioh. C[‘hétnag:eﬂOOO‘
course, ocul & bl gdfp@b enk. o tran sl ucent

bi 0- conpat i bl enggg?'yms’? gel s%%ﬁbd;@ags%%‘??@gﬁféhe scfongrplczfﬂe PG pIoE not

pol ynet hy| meskaa Wtabfelocmcbfqethatbtsmlungenﬁr@agemﬂe&earadf the?Rirkd¥ 98° RBMWAE! | C
mat eri al thalio%i 01}5%1?‘91@? fl.ex bI e, and hydrophiljic. It will be
under st ood by fhose s ]ID’%“‘"E“?\% 3¢ tWo TotpTs ) SPeings and) plunges, themimer ul ar

mat eri al 4289zambeﬁalwoawumlnkenfpawq@fmJﬁ%&ﬁ&xeﬂser@‘amcﬂ SGurcdsy!| ar
materi al 428 c le solid or sem-solid material as shown in the

exanpl es of gﬁl@Shecﬁne& & Gig qomed ip\w presgterminedipattersl ar  nat eri al 430 whi ch

can be made from col | agen or synthetic polynmers such as acrylic polynmers,

silicones and %ol.yr net t}}yl nmet hacryl ates. Referring now to the exanpl es of

Fi gs. 43-45 -1%em -sol i d ocul ar mat eri al or inplant 430,

tool 450 is utili r |aI i npl ant 430 through t he
R obB 3 e fod 1700

snmal | opening foried I'nc Bfl1¢ds nea 412,

as seen in Fshpwn3fér sblatinpod caaed mvxaf&ilireétin@la&f Iif G%S“iasé;"s% @szelzli%pl ant ed

into pocket 42 centered about the main opfical axis of eye Ccul ar
materi al or Pﬁgltﬁgﬁ l@%ﬂ hangsme 1 bl bpsieally cepmpirigest 2 cylindrichl boumrgbet& whi ch

can be fol deRavir an t t ng
formed by incision Wéﬁrﬁgedg?t}?é n]greé%éﬁg ?ggﬁkadgg?r og’ﬁ? ab?é)?fl}

bi 0- conpat i biherein: JFhssegand endrbl9eofithy houEingbempdlﬂeya rmaaﬁlabpdqﬁ@mhaﬁn? i's made
fromany suitable transparent polyneric material. Suitable naterials

i ncl ude) for exanple, collagen, silicone, WO 001 51526 PCTNSOOl 05285 - 31




pol ynmet hyl net hacryl ate; acrylic polyners, copolyners--. _ of nethyl

nmet hacryl ate with sil oxanyl al kyl nethyl acryl ates) cellul ose acetate
butyrate apd e like. Such materials are commercially ayai rom

cont act |eW§’°$’2§}?a% acturers. For exanple) optical grade S}Sﬁ?)ggﬁﬂéogzsfgre

avai lable from Al l ergan, Alcon, Staar, Chiron and lolab. Optical grade
acrylics are avail able from Al |l ergan ahtl Al con. A hydr ogel |ens materi al
consi sting of a hydrogel optic and pol ynet hyl net hacrylate is available from
Staar. Simlar to the fluid type ocular material 428, discussed above,
solid or semsolid ocular material or inplant 430 can overfill, partial
fill or conpletely fill pocket 426 to nodify cornea 412 as needed. Wile
abl ation or ¢ j 54 s Ljisst i ls required for
decr casi ng ¢ RarEge 120 badBng A LR bl 38 dSeblal BOENE) Gy S

mai nt ai ni ng Pidoro}2Sgiwhigh ivcdrivea viarsbafb 12t admeetorDR, Thus; eatationvffhgpinibh) such
abl ation or r val of. i ntrastromal tissue of pocket 426 is not necessary
for increasi rrlégaﬂuﬁ‘hgl ??ﬂ"\?rétoglggarollzg%?ﬁl@ﬁ ?L?PaqP?lg%fﬁ é%dei’(g' 05%%81%’&&“ of
intrastromal Thissecondend DB Hae auiaRtrically GihtediretiRgiRF Sifice43 P tileRpRiRRON the
shape of ocular, material 430 and the desired resultant shape of cornea 412.

As seen in Fregivesthe gihar end of da fiber opfi eableali17 dherginp That endi @fithi fiber-optic
substanti al | . i . i t: Lna . circul.ar hol e
332 Cont o SAE Rl BlidphiBUARG bl o 58D BheP B g e 5} B Bite o ar
materi al or additionsl suigble d3saritdy atilized for maintaining eiei filer 4pfic oalle andiin gul ar
peri phery wth .an auter dianeter .in the range qf about 3,0 _nmto about 9.0
o Cont or " o PEAPRGHSPsiHeD 8t ey iredngis AR ks Focr s BERRUB e 8. 0 rnn
The t hi cknessndivofidWeamovablectatiilly 48thel srifiRe 6 @haige Yhedhiton 2? the Grirplts € O
about 1000 mi crons. |t should be apparent fromthis disclosure that ocul ar

mat eri al 430@&?@5@“@“3&@@#9?“?%'3#%%¢@M§“W th a slit. Moreover,
ocular material 430 can be an oval ring. In the enbodi nent of Figs. 41-45,
ocular material or inplant 430 has a planar face 434 and a curved face 436.
Pl anar face ZpboflimentofFig.d8st oconi cally shaped surface, which faces
i.-nwardly towards {he center, qf. e 410.,in osterior direction o WO
00/ 51526 -32 PCT/ 53%67%5“2§’5‘°3‘j§%e¢0“§'8ﬁfh§%€1?ﬁ% ﬁ&‘l‘”&fff‘r“g"@é‘& i'fng%opocket
426. Curved badlee ¢biivea 120 theGened isurfac €33 iof tHeQediveed thinrcefricaMaydrdBscantbeshaped
to nodify the curvature cornea 412 as seen in Figs. 43 and 44__OF course,

ocul ar nat er ehlpted yHlizing theapparatys shava indiig.alde Tikawisk. ther pparaps of Eigds 412,
whi ch have b [ I I 2k e i S
W thout - ohancrins et o bEIRUFLs 1RSI pP s Y (K prsiang 87
center openi patiehBPeyedo atndify thiz. rvaturoof therpdtieat's combined cornpad strepfura.3Thisct s as a
pin hole such that the.ligh assing t ugh i.s S . DI I used.
Accor di ngly, %atﬁ?“thﬁfoéfg??"dg% °\ﬁ"‘?ﬁe gfgﬁgé”s‘ﬁ&ﬁﬁmééﬁ?ﬁf‘%géﬂr%‘f& 32 can
be a correct 4eandeguiding nkbhanfnZ8. meidaitioh,yanakieablye B4y utikredao sayperti ng 432.

However, when ocul ar_ naterial 430 has its center Pe%n% 432 great t han
about 2.0 mmthe mather sy pmaeaddhin comealdayshs ErhllsiaﬁséP‘g Yt ¥ CORRUES ARM A e
refractive ifgexy; hedht 8is" PIERbnd 1138 URatOhre CoIRE A fiar a Raliceyi ng the
shape of cor 2%2 4‘%‘? gﬁ%}%ﬂra tig%qsaggrig opaque ar éegjg of ? e irntrastrgr%yal
tissue of comeletionship vieOblampsi4bandadingagerthereberwesnghoouterceripheryigf &eithin 430 can

have a refractive i nd ifferent fromthe i.ntras bl . rnea
412 to correc?f’mggltl%eﬁZ?'i g%’ ogtthetcﬁgs h‘s@fﬂﬁﬁ%%e %@hi%ﬁ%&%%b&?ﬁ%@ogreat er
than about 2.d6 éfRuitdble RADUNE edth b/ putipsi 146 indlilfg.c By wsingathdl pressutised
corrective power produced by ocul ar material 430 gqasn e vari ediﬂl% changi ng
the thi cknessontainer, hesthin corpeal layerdi8 is muintainsd i the desired,enryaiyrg sg center

openi ng 432. ' ise U SRl rdiQr T bidegtoAS
illustrated H%QéggéfE%ﬁhggﬂgﬁg?&%?ﬁﬁg?ﬂég?erianegggﬁgzgﬁ%e aring with
non-uni form 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 sem -solid ocular inplants at selected

| ocations within pocket 426 of cornea 412. Enbodi nent of Figs. 46-53 WO
001 51526 -33 PCT/ USO0/ 05285 Referring nowto Figs. 46-53, a» wc 51 L is
shown for the treatnent of hyperopia or myopia and/or inproving vision by
renovi ng opaque portions of the cornea, in accordance with another

enbodi nent of the present invention. Eye 510 includes a cornea 512, a pupi
514, and a lens S 16. As in the previous enbodi nents, cornea 512 is treated
w thout freezing it. In this enbodinment, correction of hyperopia or myopia
or renoval of opaque




portions can be acconplished by first making a plurality of radially
directed intrastromal incisions 518 with a flat pin, |aser or blade spatula
simlar to the procedure nentioned above discussing the eggﬁg&ﬂgg% of Figs.
28-31. The¥OQt526i ons 518 separate cornea 512 into first L nd
opposed internal surfaces 522 and 524, respectively, at each of the

i nci sions 518. First internal surfaces 222 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
comes 512. Incisions or unablated tunnels 518 extend generally radially
towards the center of cornea 512 fromits periphery. Preferably) incisions

518 stop abouyj.: e rnea 512 t hough .i.nci.si ons 518
vay oxtona o abaitatl (R AT WRSmiERISTe U FRMOE S BipPhind S or b GhiS|

hyper opi a or lageoisiskightlyrgreaércirm thet 8n dielléft ddgide] y ext end about 3.0-10.4 nm
in length, again ggﬁe dhﬁg on tne angunt,of chan&e desired in _curvature of
cornea 512. \hile ‘_f@‘e @°a1n°1ﬂ ayeg FFSS“HQR}%%‘_@@ asdsieed, if i roplaced gm
apparent o do8posl ihdeRill bifabb120 BF fho cBilea hRPvARE U ARBIR Y i dign™ adial

curved, or other "shapes. Wen creating 1ncisions , It 1s 1nportant to
keep the spatcomsga as described abaye sudillustratddqin Figsa4-8i ngl e pl ane so as not to

i ntersect and puncture the descenet or Bowran's nmenbrane. Once intrastromal
i nci sions 518 have been created, a fiber optic cable tip coupled to a fiber

optic cabl e @EmbodirhensefFignn9f2e optionally inserted into each of the
incisions 518 for _aplating tunnels 526 to the desired size, if needed or
desired. The V\()Rﬁg‘i@‘ﬁgfg" iﬂ@%&@élo%&%'sn -SQ’Zt'e i) 818Y eYed it Fhormdar ?hF_om t he
tip may be d'tfe@ﬁicﬁﬂoﬁﬂ%bi@'gli BRbrdahdeShitd {HeSirdbeht iﬁwnﬁa&ea?gala? %gﬁigﬂa' nt er nal

surface S24) or both for ablating tunnels 526 to sequenti a

i ncrement al | yomeabid apupibd14iand adins A 46, apd isitrested in pesardanceswitisthe peesend. The

| aser source 1 he. ! ageously simlar to the |aser source
for the cabl ei‘geé“%{@%@gggea ot\ﬁ;éejé.&% ernatively, a drill or other suitable
m cr o-cut ti ng i nsOotraetioh 9f ayopib ear isecadhievedyisereisigg thy carmaturerod theronter al | y

renmove portions, of the cornea. Referri to Fig..46, plurality.of radial
tunnel s 526 é%@h@vﬁ?’%ﬁapﬂgagﬁuﬁaﬁw H’go‘feng@jd’ R?j%%&‘?r@“?‘%‘o%ﬁe‘sof t he
tunnel s 526 futongsh@Cby iR g G inBBos! 118! in@2Me eBieifu B bsm&2 14,0 modi fy

cornea S12. Ccular material 528 as used herein refers to transparent fluids -

or solids or Ingisiow bhbinavibé eurvedwrrstraight, and isipeeferablyngbens 245-3.0imys longzmd . ocul ar
materi al 528 j I j e [ j C Lhi.ecteq into
pockets 526 va:bgmta?'d%ﬁ'oé%{ 1‘%‘%@%’?’?@? ?/%E?erg&tc [ Sa\é@s}e? ool&égétmlag&g" %eedl e
for injectingloableledge knifepmayibe W28 to mike igwdsidicl 18 ib2déimea¥l2cour se as in the

precedi ng enbodi nent, a soligd i ant or, pc [ eria .be introduced
into pockets 526%Is§"6‘,m§&§1 &rm@b’eﬁc&fﬂ"’ﬁ%%gﬁ ‘{’%t?ea s@a{"f'fg&_\bés ’r“é"r‘P ctive

i ndex, whi ch ijhe iflidibe ! BYo separhth @n HritétRal Afeal dTdive Bbrmewst 120k firkl &-ULcAd cor nea
512 as needed and/or desired, whether the ocular material is a gel, a solid

or any conbi PP intemplesrtacess! 22 Aad 2nthetely cregtingosy intrastromel eF intemalng

i njected int ne | at:.ed. 2 f f cor nea
512 outward &ﬁ%ﬁal%g'e%g%ﬁ?# glc?ar va BQZheoﬁ{eﬁigf g{er?lct%{rdgl(’?%g? ?ifl%’n of
cornea 512 f rwiilel sesondrintepnalodurfatenidd fades inthie anteriordirectionnefeye d10,tasd betlv shape
shown in full Jines. As seen in. Fiqs, 47-.53, .the various radial tunnels 526
can be fill e&#ﬁ¥hs‘6@&?sﬁteﬁﬁf@f@éﬁr§§?8“BES‘%%?’P?FH“BB‘S%Hs 526 (Fig. 47))
underfill pockets AdRed inifgs. 48ind20, pdxet EI6ak ¥rehted by RR0inglspatbid 20 back. 49) .
Thus, by introducing various anounts of optical material Into pockets 526)
t he curvat ur eangffogh Wwithin an intgastrompd aearafcemes 14211t dy Epporgpteyhen geptingyy | v,

sel ected tun a r{iqd ke : Voihd ted
areas, whil e%ﬁ%?@e@eﬁ%?pﬁﬁngdshcgﬁg %’é&g@ﬁ iggﬂeyp I%JH %.‘gg?ﬁ%tgﬁnp etely
filled WO 00/ 51526 -35 PCT/ US00105285 or unfilled to coll apse or decrease
the curvature of cornea 512 at othei s;;lacted areas as shown in Figs.
50-53. The selective alteration of the curvature in different areas of the.
cornea are particularly desirable in correcting astigmatisns. In the
enbodiment illustrated in Figs. 47-53, the intrastromal areas of tunnels
526 are preferably ablated by a |laser or cut by a mcro-cutting instrunent
for sequentially and increnentally renoving three-di nensi onal portions of
cornea 512 to formtubul ar pockets fromtunnels 526. However, as in the
previ ous enbodi ment of Figs. 37 and 38, the incisions 518 can be filled
with ocular material without previously ablating or cutting the internal
surfaces 522 and 524 of cornea 512 to expand the cornea 512 for increasing
its curvature. Ablating the internal surfaces of the cornea is, advant ageous
to renove opaque areas of the cornea which can then be filled with the

e




As shown in Figs. 48 and 50) the anount of ocular material 528 introduced
into the abl ated areas of pockets 526 can be | ess then the anmount of
abl at ed ”B\R/Sroi)/?llszsto reduce the curvature of cornea 512. pbf/BsdRkisyel y, the
anount of ocular material S28 introduced into the ablated areas of pockets
526 can conpletely fill pockets 526 taopsetain the original curvature of
cornea 512 as seen in Figs. 49, 51 and 52. Enbodi nent of Figs. 54-57
Referring now to Figs. 54-57, an eye 610 is shown for treatnent of
hyper opi a, nyopia and/ or renoval of opaque portions in accordance with
anot her enbodi rent of the invention using an inplant or ocular material
630. As shown, the eye 610 includes a cornea 612, a pupil 614 and a | ens
616. As in ttsegeptightodhe comersdintesnnl syrfacksetol preent jneerietfing and rpatiag thé t hout
freezing cor hereof. In this enbodiment, a thin | ayer
or nelssipt o Bhuitis bbby 1

618 of cornea d fromthe center portion of a patient's
live cornea 612 IBreferably, sgatuls i1DQ iscabstted.p2b.00km | 166Lwith ARBickdtsslof Moaf 618 i s
typically on_t i")lorder of , ?htgou 0.2 mnmin thickness with overall WO

00/ S1526 Pcﬁdgg mmand 2 Wisth-of - aheut Ocla] -4 gy Spatdla b20yasy by slightiyeurpedsasym i n

t _hi cknPss. scgpﬁq-ig_%,gmgyg@@{g]@w is renoved fromcornea 612) it exposes
first and second opposed i'ntern surfaces 622 and 624. Generally, either
or both of the irWhilhalspatulafl20dssiond infigsol9 GRd 26 fer seperativg thetinefnal he

abl ation by the exeiner se Al t.ernativel tissuye fromthe .internal
surfaces 622° “5%%‘9/5 S ? “goF iclgha ﬁgerrogh%ﬁpﬁﬁe °89§18XT?BHCIH‘°§H E??‘a’f s°&‘€ﬁ“t‘?4¥d’°r+‘é5£1ani sm
or subst ant i inktbad ¢FsphfufS189 toSepatoveided [ 1P intdBrst & Reond sppbsedUiifernat ed i n
Fig. 54, a disc-shaped, portion 626 is renoved frominternal surface 624 by
a laser beanﬁ“ﬁqaceétlﬁ}é)@‘%: i ng mechanism In this enbodi nent, internal
surface 624 is shapges iPribl 21UHE 22, SRPHSLE: ﬁzemyk&ﬁmwﬁnié@?@@&uw met hod

and | aser apfarat us as descri bed above’ i n t he enbodinen Figs. '1-10 can
be used for ¥¥neoubled to adthee opticoeablsot3e whhis iim tusw looupdest foad lagert iscthemame

manner. After t exposed in nal. surf 2 .624 of corpea 612 is

abl ated, if e S ‘ﬁﬂs‘%m&‘? i °§“%§B€£"‘iaﬁ%}%?s‘&""8 P HEE er i al
b30 is pl acegebf edthéd EID, fistidblyGBm6viBg Qfsubstinfieldy Bieshapbk® pétiol iof d6in¥a I €MOVed
thin layer 618 of cornea 612 1s then replaced onto abl ated portion 626 of

cornea 612 tbl2dedem a disgshapsd cavityd2f! atheraseebsam ergitted fam UMb matbhinect ed
Lhereto. Theg&ilpbGichfiSAnfeARl BHkEe ToaTRlohl Gelemal Rt 024, REVERY

modi fying the refractive power of the corrfea an Fens system as seen in

Fi gs. 55 andarddemovestthree-dimeysinud! pemionsthenefromi vidhabdgtiagu dhe fibervptiepabled and/ or
nodified refra tived(glﬂ]\é\@r as .seen in Fig. 57. The ocular inplant or
material 630°PeSH VAT own in Figs. 54-57 has a substantially
annul ar ring shaprhe &3er isourse!lfoi afitier adptiy ¢abRntBZalk #dvahtageoustpl artongr ocul ar
mat eri al 430 di scussed, above. Thus, inplant 430 will not be illustrated or
di scussed i nwawlength, jpfeased lesst, $4ch @ ACPh A SR RIholmym 1a8ern 82 BTt i gs.
54-57. Si m | GhydidhgRS W\AExdiRECTER |of Ye drfRl-Biliriad 3P kryfdt-floridB kel aThi630 can
be a partial ringor a full ring wwth a slit. The =~ outer dianeter of

ocul ar i npl atype of lasertwalli phbtogiate dbmintyestratnelitissge of therromed lie., depempasRelt openi ng
632 i s general bout 1- . The thickness of ocular WO 0D/ 51526 - 37
PCT/ %001052@?@%%3&%n$ﬂ.w ably about 20 to about 1000 m crons.
Ccul ar inpl ant 63Righas-27 illugtrats thiadifférést configuratipns of thestpoefomfiber| dptic shaped
surface, which faces inwardly towards_the ter qf eye, 610.in a, posterior
direction of S@&fog eblating thscpmes. r@é@&‘{aﬁge@. @?“Qbas@ﬁéb'es%t ged f"ﬁe cor nea
612. The oppgsidk; eP¥em Y, | F50Eh eR@with an
anterior di rggﬁg%&%?&eye 611%153%13%% , %’f}sg%{g\lﬁgggﬁrgpl ant&ggoﬂgg?]tﬁbe
shaped to f ormangledswése iforediresting tre losen pean tab apsente pnglp of Preferablyr45°of t he
cornea. Simlarly, the inplant can be used to replace opaque areas of the
cornea whi ch have been previously renoved by ablation or other neans. In

t he enbodi nrent shown, ocular inplant 630 preferably has a substantially

uni form shape and cross-section. Alternatively, ocular inplant 630 can be
any suitable shape having either a uniform and/or non-uniformcross-section
in selected areas as necessary to correct the patient's vision. For
exanpl e, an ocul ar inplant can be used having a circular or triangul ar
cross section. In this nmanner) the curvature of a cornea can be nodified at
sel ected areas to correct various optical deficiencies, such as, for

exanpl e, astigmatisns. Ccular inplant 630 can be a corrective lens with the
appropriate refractive index to correct the vision of the patient. The
ocular inplant 630 is made from a bi o-conpati bl e transparent material .
Preferably, ocular inplant 630 is made from any suitabl e transparent
polynmeric material. Suitable materials include, for exanple, collagen,

L, I o,




conposition of the main ingredient in the polyner network regardl ess of the
type or WO 00/ 51526 PCT/ CJS00/ 05285 -38 anmount of m nor conponents such
as cross-linking agents and ot her by-r:o~anct~ or inpuritj j mai n
mononmer . HyWPOYEP2Y enses can be classified as (1) 2hydr ox@'ﬁgy{i}ogzge '

nmet hacryl ate | enses; (2) 2-hydroxyethyl {ret hacryl at e- N-vi nyl - 2pyrrol i di none
| enses; (3) hydrophilic-hydrophobic mor & y copol yner | enses (the
hydrophilic conmponents is usually N-vinyl-2-pyrrolidone or glyceryl

nmet hacryl ate, the hydrophobic conponents is usually nmethyl nekhacrylate);
and (4) m scel |l aneous hydrogel |enses, such as lenses with hard opti cal
centers and soR hydrophilic peripheral skirts, and two-Ilayer |enses.

Al t er nati vel yrelafvdMoathe tip T aidt QRN RELE d Qrs: Al d, disc
shaped or ot her shapes ?]g% nnnéii fying '% hgns %ﬂr%%é%d Igtf#@azt%iﬁ?%?n%gr%nea 612
or for i nprovaurkgdendiopbending the lasey beedd © aid shiming theodiden andestrbe cur vat ure of

cornea 612. Siml grl cyl at. i | a 630, can | aced in the {ntrastronal
area of the cofnegl‘s@%?%?%' E%IC °5(T1?1r'% P iﬂ?eys“?’ﬁtém@ﬂy\%ﬁﬂbg’eﬂf t he
cornea and caaviecI26l foemed atitiscepteOvt ddfida Y2 _TubtehﬁQPﬁGﬁm 123 BedriBMoPASIEM | N

t he enmbodi nent, shown inyl;isgéb 54-57, thin |layer 618 of cornea 612 iIs

conpl et el y r PFgHEFomsad %W@’i%%lmlﬁ%bdeMdﬁﬁ capbie variedor nea
612. Enbodi 10 fan i ; i i [
odli iz land sBpe Sdepilidl 4RNGE ki SullRl N8 e fngalhg&{glhg%e@g% ar

material or inplant 63 ~an eye 710 is illustrate
Speci fi cal | y comeditherpatient's eyesight rAdcondingly, agatbree slimensioasltinthstrornd avmprofiea 712
| 8l thi s, net hod can

of eye 710 | f Lent’ s.. n..Iln particul ar

be utilized ?%'r Eq}ﬁéea '%‘?’tegflffei%ﬁo}&(g& lﬁ?f%‘ roﬁi%gfne?’r#og?s e%rﬂ’cef?g\?%ﬁ(’% ai?Baque
portions of tramovwedcaebe undform or hdteurifori Borexaiblodhore Misferial & bk ramdvegNt  of
eye 510 is acconplished w thout iieezi cornea 512 or .an ortion thereof.
In this net i e, BBy ok i fosiea T igq%bﬁh"?%ter _§°H"8P-n€3te¥ﬂégmﬁ%%{c712
utilizing a skddrid®ban bARRIOVEY fréth YheCdbhiel PottibE HaR HoddTthé PeMphekdl afel® TRE! - The

scal pel, laser or cutting nmechanism can then be used to cut or ablate an
annul ar - shapaemovel pEparipberal portians of thexpsrs resgly ipaT increseodABE cygvawe0f 726 i n

cornea 712 a = (i . | ar groove is now
formed for r%ﬂ%@gﬁgorg%é%e%ﬁegrl gﬁmég\?&@ﬂ%log%{%@@&\fﬁ% i s discussed
above in detail. BeeseaniuFiy 24y afterepobket ni2d ibwblated dndrtip h30 senmved,1iBe
separates cor 712, i first and second opposed internal,.surfaces 722 :
and 724. Fi rﬁﬁfeﬁtcéylf?'a?&@ﬁl?qna‘? apfﬁurpcﬁgélgnqaﬁ e?‘hgreﬁ%'ﬁ éorf%?m?ff‘? Bl of eye
710, while semanghd BdcBhd ahtebl biaties’ 22 fan €141 dgéth&. AITheY téllapsihg @&ldi on of
eye 710) Optionally, either internal surfaces 7%2 or ?24 can be ablated to
make the anndeembiingof thsringestemeal aro8 of sheyeamaeacdesreassm e suatdre gfathe | np| ant

630. The portj] - AN : : : nnul ar
iap 725, "wni S B b Ripck 2 Hellyd Gl Bapd WonBE pfeken LALSTE 8B e
712 so that obageass seempindig. 2% Afdrarpesbd 680meadepbmding o the patiend's healipB ar

pocket 726 of r n 7 s seen in FEiqg. 58, corneal .f| 7 can be

f ol ded over C?Bﬁ’l 'ﬁ?’ﬁ%ﬁ*éﬁ?s ac %eiwlgggg%%%%roﬁeﬁ’g&%&?ggﬂlea}temi nder
of cornea 71Znodificafibi bf the cathealsit@rviatulee. Accordi ngly, ocul ar inplant or
material 630 is now encapsul ated within cornea 712. As in the previous
enbodi nents, ocular inplant or material 630 can nodify the curvature of the

exterior surfﬂﬁﬁqd&[\m@g{ﬁ &23-333 SO0 as to either increase or decrease its
ra'r'rr‘rﬁ'e—'m'rv

curvature, or Tarm ature of the exterior surface of cornea 712
at its 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 freezing it.
In this embodiment, correction of myopia is accomplished by first making a plurality



original curvature. In other words, ocular inplant or material 630 can

nodi fy the patient's vision by changing the curvature of the cornea 712
and/ or renpvi ng opaque portions of the cornea and/or by i a
correcti vewoe‘ﬂglﬁiﬁt hin the cornea. Enbodi ment of Fig. 59%§rﬁ}5@ﬁ)édr%§8esrrb'odi ment
of the present invention is illustrated $i l'i zing ocular inplant 800 in
accordance with the present invention. e specifically, the nmethod of
Fig. 59 is substantially identical to the nethods di scussed above in
reference to Figs. 54-57, and thus, will not be illustrated or discussed in
detail herein. Rather, the W) 00151526 -40 PCTNSO00/ 05285 only significant
di fference bet~veen the nethods discussed regarding Figs. 54-57 and the

met hod of Fi g.of28dihlsy Hitctted! ii@astidin Fhg.ni ! etely
renmoved from cornea 812 of eye 8181. inlél%ﬁg% %ié&?w\‘i}ﬁmadfé? "t“ﬁ.g'nb%%éa“g%ag‘f
cornea 812 i s Thesqringisiops 3i8 separatesthg|comiea 318 finde first sd Isecohd oppospd internal of

| ayer 818 renwyi t e Gor.nea 8 tq.forma.corne flap, The
exposed inne;mss-ur gt%%fggg (‘)"faqleég}eorf%llgc%lfmﬁlﬁe& 3’%‘8@%&1&1 ﬁ‘f@cﬁ%zzs'{?‘?‘?’&ce 824
of the cornea thapodterionhlirettivth 6ff eyeLd10)viwhlle 3edoBE Shiterhl SiitfabdsMR4NBEANMEM as i N
t he previous enbodinents tq nodify the curvature of the cornea. Ccul ar

i npl ant 630 cdAeAE O |05, ¢¥¢1 2 Ho 2 bt extend adiallst refative o r(renterioBthe of
cornea B12. - Thigrieh 3Bpaila b8V iy B2 alsaibhiSR o LG Btk Bkl Bafigrg2 812
and al l owed to_heal . Accordi ngly, ocular inplant 6 can 1 ncrease, decrease
or maintain t ot 82umue. Aflassymap beused inptaad ofispatidel 220 td awake edisions 228, as
renove opaqueég%s{r%‘pns of the eye. Enbodi nent of Figs. 60 and 61 Referring
now to Figs. and 61) an ocular inplant or material 930 in accordance
with the present i iindsidris@nuhabldtdd tusielscd18 éxtend génefaily raivlly 0dwdriOBE Oftér OF
nyopia. In particula cul.ar i.npl an r material 930 is a di sk shape
menber, which qf§°%ﬂ§a5}ﬁ ﬁ""&s‘tsp?&ﬁ %rﬁﬁe incisigng 238 stopsboit:3. QrmyEPRY, | g

930 includes anhégdélof ORBA @gz,%ﬁﬂou?mm@éi&ﬁvmwymx&aa% HZRentkr ﬁéb%néao pass
bet ween either sides of ocular inplant or materral 930. Basically, ocular

i npl ant or nat2d2i depegideg ypon ¢hendegrea of wolopjs. Incisions 218 will namsliextend abobty mer i ¢

material utiligl i ive technol.o such a Fresn l.e ich can
be utilized t032'6(:'(&;&92‘%{‘%aﬁ}éétg’oaéa‘g%g?mgﬁg%Pit%%?mb’gg%&%n eﬁlre g Sﬁn%a%r nea by
changi ng t he roffeomed i1VE Whilkeronbf ratliabincisione AaveFems ehowa, litawilli bepdppatenioto
material 930 is ve hin, i.e., as thin as_paper or thinner, the exterior
surface of thég‘t‘,sﬁrS ‘EWF’F“?Jg%tt%{“F’é’!OPi/WéPEP 'F"_(déal’ of othgr 8 @%ven
after ocul ar iWRéPGbatig ifBicHs 1228, i9i'§QmR§rtdn9§ﬁ£cE%ﬂle's 4tBla2D@ nf Qubb@Akallipwen i f
there is sone change in the cornea, this WO 00/ 51526 -41 PCT/ USO0/ 05285
change can be singlpplansesoagngto intesackdndpvn¢tyie therdgsgemeter Bovemasisunembrpigy| ant ¢
casi -z, 01930, Ol e JIRL AN inliofEPH18 ek b orER0 Pin sHA0R 100, 4 BbE: ¢ he
cornea in any of the various ways disclosed I'n e precedl ng “enbodi nent s.

| n particul ar,opticchide tip 2p0 acipledrnto aeiber optic catle 232 adoe laserde ther dhseitedointph a

relatively small, opening.for in the corn by, f ol di t cular inpl ant
or material 9FLA &%ﬁ‘l‘tﬂﬁéﬁ?ﬁfﬁﬁlﬂm ?‘H’r‘%gﬁ tf’ﬁlée ‘g‘ﬁ’éﬁgﬁpgﬁ\e ﬁe’éﬁ?m[ hen
al lowing it toengueRRem ) 23RmaP bk Aredtad GRA eMhb it infdndl Rivfa 1220 ot ea of
the cornea. Mreover, a thin layer or flap could be created for installing
ocul ar i npl antintgrahsurface 224, 98both forableting tapelubif and ramevieg thige-dimepsional  of
ocul ar i npl ant_ oy } S preferably in the range of about 3.0 nm
to about 9.0 n?ﬁ 1%0@@24&%%&5%“ ng 932 is preferably about 1 nmto about
8. 0 nm dependi ng upThe liseesouytedorafable 232 Gradvantdpeowsty simdardgd thel lasepsnuiréector ar ,

ocul ar i npl ant 0 n be ptilized to correct hyperopia and/or rayopia when
using a rel ati?@fﬂ}é%\‘;\sﬂ‘“ o8l opening 932 such as in the range of to

about 1.0 nMmto abogdferdn® nbWio Figyel0aind 31 fa pdiCofGBRMdNGnreR 226 @R shbwhN & about
2.0 mm then the ocular rnplant or material 930 i s nost |I.ke%%s signed to
I

| y de
correct i nper fEigt Boreomes 21Rds shewns with ahlateduensls 226 just #fiprdip) 2¥0shas | been he
event of astigmatism only certain areas of the ocular inplant 930 w |
have a refractive index which is different fromthe intrastronmal tissue of
the cornea, while the remainder of ocular inplant or material 930 has the
same refractive index as the intrastroraal tissue of the cornea.
Preferably, ocular inplant 930 is made from a bi o-conpati bl e transparent
material which is resilient such that it can be folded and inserted through
a small opening in the cornea and then allowed to expand back to its
ori gi nal shape when received within a pocket in the cornea. Exanples of
suitable materials include, for exanple, substantially the sane set of
mat eri al s di scussed above when referring to ocular inplant or material 430
or 630 di scussed above.



WO 00/ 51526 PCT/ USOQJ05285 -42Enbodi nent of Figures 62-73 Referring now to
Figs. 62-73, various nethods in accordance with the present invention will
be di scussed for nodifying a patient's live eye 1010 to e
patient's W&WE}26| n particul ar, these nethods enpl oy na%?ﬁi@s&%oﬁieg '
procedures of the prior discussed net hg%tor the treatnent of hyperopia,
myopi a and/ or inproving 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
acconpl i shed reiovedeamtiprior townely 226doliepsilg diRaenind, GOFipes 10k2a 2ihRse
procedures can include increnentally and sequentially ablating or renoving
t hr eedi nensi cﬁhﬁwnﬁé‘?"t BPFgWeFl?@ﬁ‘ﬁYer%gﬁﬁsMIfW%ﬁ;?Wdﬁwn gntemalnd/ or
inserting ocCUhahe } r i . gbove in
t he preceding engg%?ﬁe%fggﬁﬁreggﬁu?&h@fofé %%9 tlﬁg{ﬂlptl ?éﬁdg’stﬁlg?g%g’fnge
procedur e i s #nd recombiningof thyintraswpmat atien of the cornd:0de@reases dhet duevabyye bfithei a of

cornea 1012 J j nd. 63. .l nci sign 1018 rnay. be curved or
strai ght andacﬁgéﬁﬁg 8&35%@3?283%% %’6%%“%%?8%%%5%‘853{“??‘8 188f¥0 about
6.0 mm away fshape dshseerc mnFigr 3 nhf ByaollgminkOihastrohalCatiicle thik hbBows B4R cug

| ocation of incision 1018 depends upon the desjred correctjon of cornea
1012. I'n ot heSHrisy Ofs thecomea, 19| fefaf. &f- idrerpase Sheaceotsnsion chargbie PPMIRBEA or
desired i n aGR@EHARGAhYEIHea Ne present invention. |ncision 1018 or

i nci sions can be nade in cornea 1012 via a tool 1020, which can be any
suitabl e instrunment such as a fiber optic cable emtting in a | aser beam a
scal pel, or af‘x gl %ﬁ%’o&iﬁs Ez _(E,,réo drill. Once incision 1018 is nade, tool
1020 is inser “+ astromal area of cornea 1012 via incision
1018 to separate RefeniighowltoFign R3S, ianceye @106ia shovr fontie feataéntasfd second

opposed internal surfaces 1022 and 1024 to create an intrastropal_.or
i nternal pocKBPerepss dn accordanaeryithanotiier erabadiment ohibnpeeset pyeglon. LA

| nci si on 1018nahstsAQGkRh 318200 eAM1 IR 81 @NCorRloroH Bf RRRpRYcad Beaser of
cutting nechanism or in 0/'51526 PCI/ US00/ 05285 - tpvvo steps as
needed ~ncl achigdesi bycideressingsthe curmatarerodlthesentéraugace @F 2ommea 312 (ia., makingost eri or

di rection of e 10, .. whicl.e d_i nter.nal. r 4 ces in the
anterior di retg ?°8hh%&%r%°yel’ffﬁf5?"%§ﬁ‘8’ %’%‘feledggj nthﬁl%e{sf{acgzgl?ﬁ%’gé%rg&gxt end radially
relative to the cdmnisdsabmplishedby ifdkidg a phedlity oflidPdtromal ihcivions draunnels
intrastromal tissue rempved frgm either, or both of internal surfaces 1022
and 1024. In Y8 fu3pafula 33%%?% _h?‘?da?é%“dl‘li’??seﬁ °T§Eﬂ‘rbfesi:{?€r“£§tronal
pocket 1026 cpa. bPumbls 218 bxRind Glbstantially Plally QeRariO tlelenite oft co¥a BY2. The
abl ating or renoval of the internal surfaceS 1022 and 1024 of the cornea is

particul arl y Wbil¢ eight| equally speeedirediebiammeds Hi8ane shopncit wilk he apprgent trHboseenpval
f the int I f | | . b
acconp i shed TR, gk o gl BBl b Ve it by L b o8 0°

| aser beam endepéndig upah tie emoatt cfsumatiitennsdifigatiocneedéal.e sinilar to Figs.
25-27. 1f tool 10 i.s.q fiber ti,c,cable, the l.ate .1028 can be
utilized to ablat IIIIPBQF%FPO é%“%??’&ﬁ'aaéglQ@géaégéﬁs‘ﬂ%ﬁ%s. 66
and 67. Tenpl@é ehitddl 28p oF niikBHpBhalibys 2181 dfepigd D311 aztddimply, spu£B20 il udi ng
a laser beamtransmtti ngaggrtl on 1030 and a | aser beam bl ocki ng portion

1032 such t hatimilgrete spawila 320 disenssadh sbover ldkqwdse, gnlassr mpay b pgsdatocmakiehe | aser
beam passes t.Qf. ttﬂﬁ hiting portion 1030 but does not
pass through ‘péllglg 25 er eé?’ﬁ?éﬁ"%@f&fgh@%ﬁ@bn 1032. In the exanple
illustrated Fig. @cetanplk 38 art@réitddsa beraptiacablé fih33taaendimgafiorh fibersmi tti ng

portion 1030 bejng s tantially a disc-shaped, nenber gnd | aser beam

bl ocki ng por tR8K °%€)‘8 ggié‘ﬁ IRprted l‘%‘? §Wgﬁwe§ﬁ§80?w8%§?%}%§@rﬂ%gaﬁw
transmtting portion 1 BO. Accordingly, when the | aser beamis directed
onto tenplate 1030, a disc-shaped portion is ablated fromcornea 1012 as
illustrated in Figs. 67-69. It will be apparent to those skilled in the art
fromthis disclosure, that tenplate 1028 can have a variety of shapes with
| aser beamtransmtting portion 1030 and | aser beam bl ocki ng portion 1032
bei ng shaped to formany desired predeterm ned pattern for ablating the
internal surfaces of 1022 and/or 1024 of cornea 1012. Moreover, |aser WO
001 51526 PCTI UB00/ 05285 beamtransmtting portion 1030 can be nerely a
cutout in tenplate 1023. :~iso, tenplate 1028 can have slits to assist in
the insertion of tenplate 1028 into pocket 1026. Exanpl es of other possible
tenpl ate configurations are shown in Figs. 72 and 73 for controlling the
abl ati on of cornea 10l 2. Tenplate 1028 has a ring-shaped | aser beam
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predeterm ned period of time such as twenty-four hours to about forty-eight
hours to allow the cornea to obtain its new refractive powers. This

pr edet er m ped iod could be longer, e.g., up to one no n
slightly | Bvﬁ’goggng\low the cornea 1012 is exam ned to det e??#fr?gﬁ ”%gva%t he
cornea needs to be further nodified to gbtain the WO 00/ 51526

PCTI USO0/ 05285 -45 desired vision, if a ?/'furt her nodification is nec3cd.
1;=,~tug ihds predeterm ned set tine period, the pocket 1026 and the
incision 1018 will not have tinme to conpletely heal such that the surgeon
can further ablate the internal surfaces 1022 and/or 1024 of cornea 1012
and/or insert one of the previously ocular materials 428, 430, S28, 630 or
930, or any ahtetdfae sidhideats egof.1as. Al £¥bpu i scussed _above. In

ot her words, the suylgiedgngzczé)m%?%@. '%e‘rm'g%f{g cegﬁﬁr%eéoﬁoi%r%% %@%e&g?ry

t hrough snml |coaguate ayintrest®mat portisrof cotrive 382 sAs eein orFika34, Bpbiar 326 attie Creat e

the desired fypt pficati .In the e of.a soljd ocul ar_inplant)

t he surgeon cegﬁ O?%Ismehr&d%%émgslﬁl%gﬁ lﬁ_ ?ﬁ?ﬁ@ﬁ‘ﬁ&?ﬁaﬁf b coagyistion: PRt 3rzéf1¥3acti ve
pover of cor nebstdfidlly bn thetetihieentd of Bafrelb SohddRtris MilEME Ok 8F odciy ant . | f
not) the surgegn _can repopve that ocular inplant and insert anot%er ocul ar

i npl ant . Thi $Sipr J8@ &g ef the sirele forming geagulationtrioints 32§ depends wporothe lamountpl ant
is inserted it : V| pefi rds,. thi

procedur e i's ScumaREs BR i fion had kitec WP nuhfhs B UL lIBGS Puink el

recei vi ng gl dbeiemosisiong ivthacimdaaiepard upbruthe désined burvitive nsadiffpation nedatt ual |y

repl aci ng | enses w thijn..a.pocket or.pockets of cornea. After the
ablation, it is o °%§J l%é%ilg% %m?‘lé’ol“&f ?tg(g? 8“%%%& § 8?6 °??§“£“§%98m§ny
forfei gn gattazs, \&iltl?g lagerchwanthpeqiotits SRS I;orﬁmp_ éhd&q;dgranygﬁtdgmgteﬁmi@an {o_e
per forned as n I Mes ,as. negessary in IS procedure and at various tines
in the pr ocedgﬁ‘égtdﬂ’ ?P@:ﬂ’é’&kar;g?%icﬂggﬁi F@"b‘{}‘aﬁ 6{8’?111‘?45%@?#%&’%%“ ebsea 1012
with ocul ar igRles Bhus@3fe olRESUrR-e bi'he cBRAEK RS belfihGned St ?ﬁma'iﬁ Rpdsteloqve,
ocular inplant 930 is preferably a suitable transparent polymeric materi al
utilizing di fdinectioni atecarke ofithe capgulatiancpoints, andrhershie cayseman inobdasth inc the be
utilized to cQrrect facus of the light,p L ng. th rpea by
changi ng t he e rgléliv%t\ggc °§3hm°/e°r° ST 2% re" %:nolgﬁ'e_sé.' %150%%‘9 %‘E:oéf {é‘%%?{rﬂrlpaﬁg gﬁ?&o&é}% is
particul arly asesmuplishedFby usiaf @ hberGHaviigda Waselangtie vildch egentially @8R theer ei n.

Of course, any one, of the previousl i scussed ocul ar, | nts.ar terials
can be utili f@ﬂlfcgll WSSk Pl‘éﬂ'wgvkﬁg& gett”ﬁé‘ 8‘€|W%YF1%WB% assﬂqla%f,%‘bﬁg’\‘ﬁ 5%5"”%3

embodi ment s Nyt B shorYln@PbR1RAR. PCTNS00/ 05285 -46 injected within tlxe
rocket 1026, and then the surgeon will exam ne the eye to determ ne the new
refractive power of the cornea resulting fromthe insertion of the ocul ar
material . O SR thﬁ Sy geon can adj ust the ocular material by adding
or subtracti n‘g'—p'l"gé'ﬂ“ﬂ#ﬁed amounts of the ocular material, and then
reexam ni ng the paisiseai isFigy 86, rathéd tharhesinie 8 ilasewitor refnpee tarneal gissmerin die t he
cornea i s obtained, course, the rvature of the cornea c be dified
as needed by e W‘iﬂ_‘f“é‘?e %Dmsa&gﬁPfatP form @P?egaﬁav‘l%ﬁs’?ﬁ&a%cggl t?\paﬁ(g};r as
mentioned pr exicats boupRts b fotd) @r Bstiliatihgpdwerlsadcd dan'bb @sddt6 Wbl Heptisgiss cussed
figures. In particular, as seén in the previous exanples of Figs. 38-40
utilizing ocuyasutting: dikexviseqag othes skitablemenbanien) dpicesza be usedde reminyehey| | y

filled, or co | if %%lﬁ . D€ vity or
pocket 1026 c%g%é%%# {éc’%rglqlflé ?%vﬁg'd%‘ﬁﬁﬂ?%ga ocu ad}%lr‘r"g’t%rgiﬁgf a}(g)&ruggtore

t he normal cutubeichl sisobe dshdtocid newachaR(y fram tesavity thatissue cmvaed fbmithe
curvature simlar to cornea 428 as seen in Fig. 40. The anmount of ocul ar
material intr@ded to pocket 1026 can be increased to increase the
curvature of cornea 1412 fromits original curvature to treat hypernyopia
so as to result in a cornea with a curvature as seen in Fig. 38.

Al ter nat i vel yEmbodimantofFigso¥7-4tul ar material introduced into pocket 1026
can be reduced to decrease the curvature or flatten cornea 1012 fromits
original curvature to treat nyopia so as to result in a cornea with a
curvature as seen in Fig. 39. In the case of a solid resilient ocular

i npl ant, cornea 1012 can result in various curvature nodifications simlar
to those seen in Figs. 43-45. In the case of utilizing an ocular inplant
such as the ring-shaped ocular inplant of Figs. 41 and 42 or a parti al

ri ng-shaped ocul ar inplant as previously nentioned, the tenplate of Fig. ?2
may be useful. After the pocket 1026 has the proper ocular materi al
inserted or injected therein, the internal surfaces 1022 and 1024 of pocket
1026 cone together to encapsul ate ocular material within cornea 1012. In

ot her words) the surfaces heal and grow back together, resulting in

per manent curvature nodification of the cornea. WO 00/ 51526 -47




Enmbodi ments of Figs. 74-84 PCTIUS00J05285 Anot her enbodi ment of the

uni versal blank according to the present invention is shown in Figs. 74-76.
Speci ficall t he bl ank 1100 is annular or ring-shaped hayi pper

pl anar, suﬁé%QW?F%le pl anar or substantially curved sur#ﬁgg%T%g5¥ a | oner
pl anar, substantially planar surface or .substantially curved 1104, an outer
wall 1106 and an inner wall 1108 definrﬁg'an opening 1110 t hrough the bl ank
1100. "Ifie opening 1110 can be circular in shape, as shown, or any
sui t abl e shape such as oval, nulti-sided (e.g., square, rectangul ar,
triangular), and so on. The opening 1110 al so need not pass entirely

t hrough the blank 1100 as shown, but can be a recess in the blank 1100. The
surfaces 1102 and Refdfifle 660 tdEiP | 1St ' . 0 each
other, or at any suitable aﬁlﬁﬁg?q’gﬁg’g#’?%ﬁ%?%ﬁ%%ﬁ%f?gﬁ%ﬂ%e i nner
wal | 1108, ortregsnent of Akpeasepiper pwnpiacod/ar inproing agatidns Ivisidn biheenswvinfgaces

1102 and 1104 ; suitabl e angle with respect, to the surfaces
1102 and 1 ToF% @g&"? E’ga‘tselfr% e ‘e“saci‘lfai“°§r‘iﬁ&f§%2ff‘s?w€v8@9@-r T\ii\}éFlre 4006 and
inner wal | 1 ¢fgnaadOnad 4Bei5sinalodes a dotiea @27) d5upE 414Qin8 Gl 18%h P! LAPRS .
recesses or 2&% t&ge of texture or degree of curvature, and can have any
shape such asife@isfiB accerdance muth the, preseat inverfiognwithows fisezing any @ortioarefhe made
of the sane typpa4pl, materials as inplants 430 and 630 di scussed above. For
exanpl e, the blank 1100 can be nmade of synthetic material, organic
material) or a cordsrmegtionopf afyopigt andshyperapid carahel achigesdi by maedifying thet hat

permts all ohsub i L e / 1.Ng 12 vel ength.in_ the.visible
spectrumto p"{ass tﬁ%ggltého,%%éwﬂacﬁsolgfggé%lgfz6’?3" gé%%ﬁn%{hleé:??tgﬂ gﬂuof’ioéﬁt havi ng
a wavel engt h domea ih aizecasé ofj tyopipes tinaeasingahe exrearmiedh thd1easblofihiypekdi can be
made of coll agen, copol. r collagen, polyethylene oxide or hydrogel, or
cross-1i nkedaﬂalig'aﬁf@ ibaﬁ‘ﬂ%ﬁgﬁn&en pioadchinie G Peisfie ofe raeaﬂs

mucopol ysacoh@rsestPinig 937 CRABfs1dh @18 mdyCheditRd dr s@Might AR 13| paétéraliy WBodts por ous
to all ow oxygen and nutrients to pass therethrough. Also, the WO 00/ 51526
- 48 PCT/ US00/%%393mm|lengand phout Sh6.fenmaway fiowthecesten of carneadd. o lager:
,.illra~~ eyc ~Gaj ] j ' . However, the

bl ank 1100 isdrr?%u?lg%&%ee@%fe E)n%? %gggee‘ir%‘g[nea% %ﬁl'gl?yg%m%g%‘g%glzﬁade of any

sui tabl e mat eri al ,Asseerhin&égst 3b4®ardi 43¢45) omxat inaisidn 4.8 iPatade)ta shigulady Bdet, 058 to
Raven et al., U S .Patent No., .4, 418 to L. }I%s rancgl. US P entt No.
5,336, 261 t o MEXIIB{nserld Ljo Inciplonss e, sepgraty gn werad) reg - My, ComRAH M 8nd a

publ i cation bs3asE sbeonBAbPRSHEE intervhl Dsurfidds 4bP dhind Kex4atmerehy eveatifg and
Ker at ophakia in the Surgical Correction of Aphakia", the disclosures of

whi ch are heriatsstiemaberyiesmat goeket 24 a5 inthe mravieus pmbpdisment of Figsy hE2h| ank
1100 has an ntShh AT EBHELe Mot AL 4 VAR mnm and
opening 1110 asgqnéghiﬁanet eerﬂgfﬁg%olﬁttﬁ%?%%nrﬂflg&gg%l??eg%u?r% de?g?l%niang on
the size of tihemalsefacdiddddhes in Fur aiteniorodiectianhef ¢yeadlld, 2ad bothaef thesee a

t hi ckness ranqging from about . | to 0 1000 with a thickness of
about 144 pm%be ..ae te@ﬁa?%ﬁ?'ée}agwgﬁfbnﬁlngf’?%?ﬁ?@ﬁﬁ%%?ﬂ?h general , about 12 lun
of bl ank t hi cl a~eggckit @b a5 haveCodinieal tids0é redfovad foin éithdi opbeth .of liltaaal, a 144
wm t hi ck bl ank provides for a correction of about 12 djopters. The bl ank

i tsel f can haietaessy#23 and 434 eInsothgsevords, énferpal sytfapes 425 and 224 ofdpraskgupky |

pol ygonal , togy la BYR/ TP abl bffemotifig of thd he

bl ank can be ﬁﬁ%t\?gﬁ c?ﬁg%ébdatg?gi \%;I?LGZ ngci%ﬁ an uappaglr!gsurfé)cegllm, a

| ower sur f aceinfeiriabsurfanesci2® end ¥4 of chine8 4 Hind pamticilaniyedesinatilé toremovesepagud ng an

opening 1122 throygh th lank 111 e Lke opggin

circul ar, Ova?r::astog%pg{ea gﬁaﬁé}e@%ﬁﬁ@fy’ﬁ]ﬁ ‘P%B}%Slgﬁaﬁ e‘&aaaﬁg 4%&#?B%rggfén irely
through the biande bdedby Becapdl @€ @sdiarhsnd! tiped kil intitet 2o Y enbodindi®s can be
made of the same types of materials as inplants 430 ng}630 and, b] ank 1100
di scussed abodiscussgdpbeys, Rackst 43¢ Fambe &ﬁeﬁ‘EﬁZVﬁH@mﬁ*ﬁ& egsamemethod 83, ¢
overall outer dianeter of blank 1112 can range fromabout 4 mmto about 11
nm and the |argest 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 blank 1112 can have a thickness ranging from about 10 wm
to about 1000 pm with a thickness of about 144 p, mbeing a suitable

exenpl ary WO 001 51526 PCTNS00/ 05285 -49 thickness. Also, the to rf~ces ?
11 4 and 1116 can be parallel or substantially parallel to each other, or
at any suitable angle, and either the outer wall 1118, the inner wall 1120,
or both, 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 1 | 14 and
1116. Also, 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

_________ o Y Sy a




Again, the specific paraneters of the blank 1110 can be prefabricated so
that the |l ower (posterior} surface 1104 of the blank 1100 has the sane or
simlar raq,l,,ggwgg%curvature as the preoperative live corngardigoeldbank 1100
can be prefabricated in a nold to a desired shape. Al so, the blank 1100 can
be ablated by a | aser, such as an W0D.09.51526 -50 PCf1US00/ 05285 exci,-.m
er 1 user or the like, to be forned to a desired shape prior to use.

Al ternatively, 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,
convex, toric, or parallel in relation to posterior surface 1104, or any

ot her sui t abl RrevouwshadigeussedThef gmeteeincisionsilBfand @odkeD 426 an bawadamysef t hese
shapes as wel /.. .Th hi ckness of the blank 1100, the curvature of anterior
surface 1102,°38% sﬁ%%:%tahl(ag?r (frh%c'ﬁé'bg Peepapism. tgﬁﬁ'ﬂﬂé@g” &png pbthecgmsal bet ween
sur f aces 1132isilahbddmeRd fiof iktembhPdifaseduslatayqor rect anetropi a and
astigmati smw thout the use of |aser ablation. The universal blank having

t he shape shown i r\SFhgwn tyFige 30 ang\A3-45i eice she prckétaA26 iis formeld, an ocular
h teristi - ' , ' f i h
ot ver sa | bi Aaperift8 SEAIES e bBLER Uhe B o BTEICel Bl B8 0 (o

in Figs. 81- 840 asmbedtheiein refans todransparenhiiuidedrisolids ol @sy conbitematiah theeeof.elpar di ng

bl ank 18. For, exenpl ar urpeses, Figs. 81-84 illustrate blank, :
However , bl arR® f’i@l?‘s%ﬁﬁsd I%?'r‘l‘%’ath ioﬁ”%f“a?’atr‘?ﬂ*ﬁ lep _ge,ﬂ?rgf_lmé fm?smgtﬁ%%(/]agg’h urman
eye 1136 conpwhish & b2 isjedteatolpbdet 486 Viadddl ks en o wortd AR tldkhbiplestodi amet er
of about 8 mmto _about 9 nmand a thickness of about 160 pmis separated

from the cor ndgs 3348, topl 45Qds Anrrdls formissting explas mstesial # 28 intocngakel 426, Ik o
exanpl e, Fig. : ja0 t he - ecting
portion 1142'ex3§glﬁ§?)ﬁeﬁﬁ?gﬁ, &g@{&g@&efﬁlf%% |gsa g%%fg?egtré%ﬁ%c gfr%gf%hgﬂ {:H(;r nea
1138 as showmembet 43iner surface 1144 of the flap-like layer 1140 is

exposed, and an inner, surface,114 %%i e rnea 1 1.38 |.s exposed.As shown
in Figs. 80-83) tﬁ%eﬂﬁ‘%r‘fﬁseﬂ%“‘if&a(? f‘é%‘h‘g’ °8H%Ph°e°‘§’5?bh‘§e‘8mgﬁ 1146 so
that the surfiagex abkhedintr@stiontal fissub 6f Soidacil@ of 4 Afiferehy PéfFadtive/indéxRoItiRnk 1100
(or 1112) is positioned on the surface 1146 so that [ts center, |sS

?%b\fé\}@r, t he

subst ant i al | yingstrgmeLtistes of sorrsadpe dBys, Hhejwdsion ofthe paisat qandy m

bl ank 1100 ( )méfic £ dyalhafBiie AE AitLhve hadk! | Blofeotdd @re The
flap-1like Ia%r égloml S taﬁg?]pipggos?tihonedgotgﬁr tahe bl'ank 1100 (or 16112) and
exposed sur f guatient’t4dsiers cahmeumodified-by medoly remavinguopaqud partions ofithe odreahe bl ank
1100 WO 00151526, -.51 PCT/ US00105285 r 1112 i.nner. surface 11 of the
flap-1ike | ay¥d 'Fpiagige thm ¥ g%%”s‘mt?rg?gew‘%’lﬁ oty Judex ?sﬁ‘ﬁ%iafiée, ei t her
or both of thgusstiohatesSuddddnirndl1d, 146, as well as the blank 11.10 (or 1112)
can be ablated to a desired shape. Once the flap-like |ayer 1140 has been

reposi tioned over IpHEe etmples pf Feps( 340 waing ocwlasanaterigh 475, \nockeh $20 cam by rest s
on the bl ank J&Qﬁle@??arﬁé‘l%lleﬁpgr édMJléf&lg 4% nBdify i8!caYRE a5 hetld8d. The
Accordingly) the surtface 1146 and the blank 1100 (or 1112) influence the
shape of the ¢avifpof packet 436eranbefledisompletely With thel ooklar mpjesial tpirggoreghe
repositioned over,the bl ank and yr f. 46.. T dsppmed by
the flap-li kenﬁrﬁk}!a%miafgfﬁ%?r‘fﬁg‘e%3%?&?"5?"#%?% W cia\t}%“gng\\fe(?&%?%%%e eye 1136
as q nec efS sary in&ﬁtm:éd w;?lockétaw ca W inctesed t#ﬁncrea@slﬂﬁ cutvatuid gfﬂh& ?dmealfﬂymr 22
and surface 26 heal,, the patient!s eyesight cap tested. If it is

det er mi ned t hibe opigwal queyagite i et HEnerapipsasigin ‘Bg:r‘]% ggl é’ﬁ'&aaﬁY?IY’ﬁbecﬂ?‘?‘E‘Et ed,
the flap-1ikeof guesoult mathidISnRERk &EPadket 88k LhDBE tlbfuced b Rerdade tBOd the
surface 26 and/ or blank 1100 (or 1112) can be further ablated as |
necessary. Al swyatime of fletierdcomnagrid g ozt the onginalryrvaiush (I tregt BYYRPIG @S BFeRAR S

havi ng the sa i:ff 11§ty LSdhk NG

bl ank can be gﬁ%@iégh%ﬁggﬁghgﬁg?gggé?%ﬁ%n?ggﬁ%%ﬁi?Hgﬁa?ﬁgwﬁﬂgngﬁ??gg (or
1112), and the additional blank or blanks can be abl ated as necessary. The
flap-1ike |ayer 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-like layer 22 and ablation, as well as the addition of
nore bl anks, can be repeated as, nmany tines as necessary to properly
correct the vision disorder. It is desirable that vision up to 20/15 or

201 10 can be achi eved.



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

bl ank (e.g., blank 18 di scussed above) having the sanme ov L anet er and
t hi ckness. WBP¥IFEr . because the openings are already pr é’?gﬁjtSl’?/%E%he' bl anks
1100 and 1112, if ablation is desired, L} may only be necessary to ablate

t he exposed surface of the cornea throﬂa WO 00/ 51526 _ PCT/1J500/ 05285
-52 the opening in the bi_az~~C to achi eve the appropriate corneal

nodi fication. In this event, |ess |aser usage and thus, |ess overal

surgical time, is required. Wile various advantageous enbodi nents have
been chosen to illustrate the invention, it will be understood by those

skilled in thgcRetask h@ﬁlléﬂ?ﬁe%&nﬁ@ﬁﬁﬂ@ﬂ?{#ﬂﬁ?gio?h&%tj &@%&@%@sﬁ%"e

therein w thout departing fromthe scope vention as I'ned in the
appended cl ai $asapsulatacolpr Btsrial 428 yithiacories 43 2.aTheshrfases HealanGA0y BRESS 1. A

The Steps of 2 depudiaBhiih y HogfhoRft e Braoa Feifitie 1ot of cai o

the steps of sBparating-a |ayer sal

live cornea; novi Mhesauldr metpralai2® dhjéotdeintot ppcix KOG Barfbl dnylsaitibid mathalace of
said live co(ratﬁea. L{{nderneatb? Sig separ at e& | ayer; positioning a blank,
havi ng an opefftnly BHEPEPaiible, andsdesy fop visnallyl indisfere, Withthe pationt's ieyesighbr nea;
and repositi optbfReibEAIKE GRARA MM I i0d NG Lyl C r said
i nternal surface o?aslt%id i %’f@r n%g&gllg; ssg?‘gqsbIaaﬁ/n%&g{%lp?ﬂgtgﬁt%g%eﬁape of
the internal Sighpaeelati;dn gnrivjetiable formnwhigk rig exailable foinaperiol comntkreial

repositioned sofaRE! & %ﬂo&{mﬁ? rtheofart.S aéglellaily,ethe collagen to be used in the present

invention is a type I collagen. Of course, ocular material 428 can be a transparent or
translucent bio-compatible polymer gel such as a silicone gel or an injectable
polymethylmethacrylate. Preferably, ocular material 428 is a polymeric material that
is transparent, flexible, and hydrophilic. It will be understood by those skilled in the
art from this disclosure 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
430 through the small opening formed by incision 418 in the external surface of
ct:;mea 412, as seen in Fig. 37 so that ocular material or implant 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 suiteble transparent polymeric

material. Suitable materials include, for example, collagen, silicone,



cornea. 2. A nethod according to claim1, wherein the separating step
conprises the 'step of using a blade to cut an incision into said live

cornea to separate said separated |ayer fromsaid live c , met hod
accordi ng twép%)l'sé?zﬁl 1) wherein the separating step conpri ?&ﬁ?‘fﬁﬂ%@?@p'of
form ng said separated |ayer as a flap_gf\yi ng an attaching portion which
remains attached to said live cornea. 47 A nethod according to claiml,
wherein the separated | ayer noving step conprises the step of noving said
separated | ayer about said attaching portion to expose said internal
surface. 5. A nethod according to claim1l, wherein said repositioning step
conpri ses WO 00! 51576 -54 PCT/ US00/ 05285 the step of placing said

separ at ed | ayelynethyimbtiladrylue, Wi&%lﬁﬁé}é,-cbp(‘!@ﬁwé%iﬁ%éﬂgﬁ Sldteryide bage of
said live corﬂea a,;ﬂ(afal bl apnk so that sald separated layer rests in a
rel axed stat SUOHORANRY mAbEleryletes, seHulese agptate dutyepthindrthe like. Suchnatatesidls

011 s S A P il

according to claim1, erein sail ank s ova
adapt abl e f ogradesiliconaymues xpilahje from Allergant AlenoStasr, Ohikdredtid Islabi \Opticdlr nea,

xposed sor f SRSl s SR Mo AVBHeR Ao ch PUGOsSLdrmscRpeREd by

removing a f Icmiqniag bf ®hydbex¥l SiticGnl b9 meBYRTethaBryhRCie BthiRbik frRRFsRPPOsi te said

first surface; Similar to the fluid type ocular material 428, discussed above, solid or semi-
solid ocular material or implant 430 can overfill, partial fill or completely fill pocket
426 to modify comea 412 as needed. While ablation or removal of intrastromal tissue
of pocket 426 is required for decreasing the curvature of comea 412 as seen in Fig. 44,
or for maintaining the original curvature of cornea 412 as seen in Fig. 45, such
ablation or removal of intrastromal 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
allows 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
about 3.0 mm to about 9.0 mm. Center opening 432 preferably ranges from about 1.0
mr;l 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



a wal I surface, extending between said first and second surfaces, and
defining an opening in said blank; said blank conprising a materi al whose

properties ‘ﬁ(%ozgd%a i ght having a wavel ength within the vg,%h_%ﬁ%oss? ctrumto

pass theret 9. A blank according to claim8, wher i ckness
of said blank is within a range of about 10 to about 1000 m crons, and a
maxi mum | ength of at | east one of sai d"P#rst and second surfaces of said
blank is within a range of about 4 mmto about 11 mm 10. A bl ank according
to claim8, 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 m crons, the dianeter of said

bl ank WO  00¢y&its Eéntdct Hitdtaf < } it IH e of. about 4 nmtc
about 1 ! nm }gnd the di anst ‘é‘?&gﬁéég?§°d§§e%hrga“%avﬂgﬁ%%ﬁ 4 PAR* LY about

0.1 nmto abokrm agoreativg lens ar shapedktoauatifythaurvauelcainea 812 wheer iFigai d
material is o f,40r L terial .and.synthetic material. 12. A bl ank
according to @f%@#s,%‘é%&?‘%“‘eﬁf"&leﬁg&% i E’f" shaged tosteplags epagumareesiiol ymer
col | agen, polcpateaydll 2nwhiok haie boefl phavibislgabmoved; arf/d 8 HmR 6 RS &R ¢l ai m

8, wherein sai i(ﬁhﬁ)mat eri.al includes one of the follow ng cross-Iinked organic
materials: coVihoybshanging ths curvaturenficemesdidss stepdmFighdt.i de arid gl ycoprot ei n.
14. A bl ank accor gygg cbReCdRhitt & [ [ Lank has a substantially
uni form t hi ckness bet v(\:/eeﬁ s%h%kf |32r igmgﬁgrbsé%oogégggér}f ?f(r:lgcg op§Lie 4iakf'fctzink
accordi ng to asl aipin &elewsnshethat thei bight | pasding ttttosghc snalwayy fraapedy efaaRedir €

substanti al | y, pl surfaces. . or.substantially curved surfaces. 16) A
bl ank accordi%ég%o‘%gl%iei’éﬁ%%a@%a\%ggfﬁozwé isaa'f P ST 505 SRUYRE 414 FalcBS 2ar e
subst anti al | yoprastizk leak, wiicteia abt sevdrely affdcfed b dehiendpeding aBzli Hewéver,Ghikhm 8)
wherein said second s§r4f3§ e iIs convex, cﬁrgncave or toric in relation to

said first sficplapmate BY tAenter aRshinge 442 ersater thanplout o Qamm; thersoqular\q| |
surface extenfifterdll 430'mastJikelyQiill Bhve theBantd Mfridfive BRIBLES tht ttfastkdindl kst and

second surfaces.
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 intrastromal 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
continuous, uniform ring as illustrated in Figs. 41 and 42, ocular material 430 can be a
rix'lg 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

cornea 412.

Embodiment of Figs. 46-53




WO 00/ 51526 PCTNSO00/ 05285 _ -56 19. A blank according to claim8, wherein
said wall surface is convex, concave or tonic. 20. A blank according to
claim8, wherein said wall surface extends substantiall yopgr&goskeul. arly
with respe®®%y5% | east one of said first and second surfaces. 21. A blank
according to claim20, wherein said ma$4 surface extends substantially
perpendicularly with respect to said T1tst and second surfaces. 22. A bl ank
according to claim8, wherein said blank is annularly-shaped. 23. A bl ank
according to claim8, wherein said blank is oval -shaped. 24. A bl ank
according to claim8, wherein said wall surface defines said opening as a
substantially circul arly-shaped opening. 25. A blank according to claim S8,
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the steps ofincheiess abinegs 2, b dUpil SDF, atida tbnb 516 AOMHE plekidld tiibodimans, of said
live cornea; rmw{\%%asal d, separated | ayer to expose an internal surface of

said live c SPmERS . EP??%%‘E". %f’&ezﬁip’}hr ated layer; positioning a blank,
conprising a mat g fnf enffkilthdn, Betedtiofl |k h%YdﬂﬂQoﬁnW@BF%ﬂfo@alVMftoﬁghgt he

visi bl e spectrumto pass therethrough, and having an opening t in, on
sai d i nt er n@prtiops fcan ebephcawgiptished vy dwstnmaking red phegisgi ofi tdially disscttdsepar at ed
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surface and psavedurd| mentiohed kbwsecdiscusdicy shrapmbadimenti of Fiygao2B Bl ondllestepar at ed
|aver of saldLlve garnes, SUPSIARL Al A LIOH (IRLAR SIRLS " 52 ¢
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 cornea 512 from its periphery. Preferably, incisions 518 stop about 3.0 mm from
the center of cornea 512, 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
desired in curvature of cornea 512. While only radial incisions have been shown, it
wili 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



2. A nmethod according to claim1l, wherein the separating step conprises the
step of using a blade to cut an incision into said |live cornea to separate
said separated layer fromsaid |live cornea. 3. A nethod acg gd‘f} sto claim
1, wherei n Wh&/8&89arating step conprises the step of for rﬁcﬁg‘[s 4 %se‘par at ed
| ayer as a flap having an attaching por%' on which remains attached to said
live cornea. 4. A nethod according to cfaim3, wherein the separated | ayer
novi ng step conprises the step of noving said separated |ayer about said
attaching portion to expose said internal surface. AVENDED SHEET ( ARTI CLE
19) WO 00/ 51526 PCT/ US00/ 05285 . 5. A nethod according to claiml1,
wherein said repositioning step conprises the step of placing said

senarat Pd | aafer labahited it RORIRRY bGHeoRUThoralil: hRE BB il 355 OF sai d
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surface; a wall surface, extending between sai i Tst second surfaces,
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into tunnels 526 to modify cornea 512. Ocular material 528 as used herein refers to

transparent fluids or solids or any combination thereof. In the examples of Figs. 47-

53, ocular material 528 is a gel or fluid type material, which can be injected into
pockets 526 via tool 550. Preferably, in this case, tool 550 is a needle for 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
is 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 cornea 512 outward to change or modify the curvature of
the central portion of cornea 512 from its original shape shown in broken lines to its
ne\'v 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 comea 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, completely filled



9. A blank according to claim8, wherein the thickness of said blank is
within a range of about 10 to about | 000 m crons, and a maxi num | ength of
at | east id first and second surfaces of said b | kthin a
range of g@@tﬁ]@fslﬁ%ﬂto about 11 mm 10. A bl ank accordi ngé?/gsﬁ)lﬁ)gﬁ 8,
wherein said blank is annularly-shapedsgaving said first and second
surfaces on opposite sides thereof, the thickness of said blank is within a
range of about 10 to about 1000 mcrons, the dianeter of AMENDED SHEET
(ARTf CLE 19) WD 001 51526 PCT/ US00/ 05285 - 59 said blank is within a
range of about 4 mmto about 11 mm and the dianeter of said opening is
within a range of about 0.1 mmto about 10 mm 11. A blank according to
clai m 8, whesrainfillsdtcconapseror dbcréaSe HRuskhmes SRdhea X8 6f dthds ARG WLt i C
material . 12. cfﬁ bl a a%(éordi ng to claim8, wherein said material is one of
col I agen, coFoRO¥R M HsH Plydn Thysalsréive glicaation ok the suryawraip diffaent areagof A bl ank
accor di ng t omhebéthéa de pHhaNIRIy UeSiRibE: HRbSL AL adiBhbiidias one of col | agen,

hyal uroni ¢ aci d, nmucopol ysaccharide and g ycogrotel n. 14. A bl ank according
to claim8, wherdnihesgmiedishent dlustzatedindliges #2138, the ingrastruinfad aread 6f toueds s

bet ween sai I [ St urfaces. 15 A bl ank according to claim S8,
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each ot her. torm tybulgr ppeketsdrom ginpels 526. cHawaven, as i thegreviensiegbedismsatiob ur f ace
|5 convex, ORBCayeundsl Ahd fuctdbel 418! bAN0d GuRA! Whel Iokithe BHELALSrimbi A DI ank
according to claims, \_/\/herel n said wall surtface extends at an angle other
than O with pregpesty ablatingaericutiingsthe dntgrnok swiadess 32 ansle§24 aDcompearfinto
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the cornea is advantageous to remove opaque areas of the comea 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 cornea 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,
my|opia and/or removal of opagque portions in accordance with another embodiment of
the invention using an implant or ocular material 630. As shown, the eye 610
includes a cornea 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



WO 00151526 - 60 concave or toric. PCTlIUS00/ 05285 20. A blank according to
claim8, wherein said wall surface extends substantially perpendicularly
with respect to at | east one of said first and second surfaces. 21. A blank
accordi ng tWOAMEISH 20, wherein said wall surface extends BeMYY%RPaIty
perpendicularly with respect to said fi&f and second surfaces. 22. A blank
according to claim@8, wherein said blank’™s annul arl y-shaped. 23. A bl ank
according to claim8, wherein said blank is oval -shaped. 24. A bl ank
according to claim8, wherein said wall surface defines said opening as a
substantially circul arly-shaped opening. 25. A blank according to claim 8,
wherein said wall surface defines said opening as an oval - shaped openi ng.

26. A nmethod QbmE®Beihg bitheldder @Y ANtk WI5emAY in FhiPdHesS ned dn%ﬁﬁn {;&9&&@%@ .
conprising: separating a |layer of said |ive cornea ftomthe ont of said
live cornea; RoW9Vied fromy epracaflRait expases finst and sesopd vppased int¢resl satfas 622ce of

aving on opearng Tnoraran. s be SRR SRl ura e oillr Bof et

havi ng an openi ng therein,’”’ on sal ¥ nea;
and reposi ti otdrgay of dbedabdativariat thd exeiyrr laér. SAitdndtively, GO TR Bekin@MAl Sai d

epar ot ed | ay Sees 62 piler SHERBEY SPpReY BARTRESHBN ) CHinmedR TP 6r
PCT/ US00/ 05283ytstaflally no tissue is removed from the cornea.

As illustrated in Fig. 54, a disc-shaped portion 626 is removed from internal
surface 624 by a laser beam or other cutting mechanism. In this embodiment, internal
surface 624 is shaped to include a concave annular portion 627. The method and laser
apparatus as described above in the embodiment of Figs. 1-10 can be used for
removing tissue from cornea 612 in substantially the same manner.

After the exposed internal surface 622 or 624 of cornea 612 is ablated, if
necessary, an annular ring shaped implant or ocular material 630 is placed on eblated
portion 628 of cornea 612, The previously removed thin layer 618 of cornea 612 is
then replaced onto ablated portion 626 of cornea 612 to overlie implant or ocular
material 630 and then reconnected thereto. The resulting cornea can have a modified
curvature thereby modifying the refractive power of the comea 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
ha's 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



rel axed state on said internal surface and said blank, and the shape of at
| east one of the internal surface and said blank influences the shape .~f
sai d r Aposiyd pikpdeseparated layer of said |ive cornea. 2%crfydiBishRd as
claimed in claim1l, wherein said blank is continuous about 1ts perineter.
28. A blank as clainmed in claim8, whergin said blank is continuous about
its perineter. 29. A blank as clained in claim8, wherein said properties
of said material permt said light to pass through said first and second
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amount of minor components such as cross-linking agents and other by-producis o1
impurities in the main monomer. Hydrogel lenses can be classified as (1) 2-
hydroxyethyl methacrylate lenses; (2)2-hydroxyethyl methacrylate-N-vinyl-2-
pyrrolidinone lenses; (3) hydrophilic-hydrophobic moiety copolymer lenses (the
hydrophilic components is usually N-vinyl-2-pyrrolidone or glyceryl methacrylate,
the hydrophobic components is usually methyl methacrylate); and (4) miscellaneous
hydrogel lenses, such as lenses with hard optical centers and soft hydrophilic
peripheral skirts, and two-layer lenses.

Alternatively, ocular implant 630 can be elongated or arcuate shaped, disc
shaped or other shapes for modifying the shape and curvature of comea 612 or for
improving the vision of eye 610 without modifying the curvature of cornea 612.
Similarly, ocular implant 630 can be placed in the intrastromal area of the cornea 612
at a selected area to modify the curvature of the cornea and correct the vision provided
by the cornea 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
in;planted 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 opaque
portions of the cornea. As in the previous embodiments, the treatment of eye 510 is
accomplished without freezing cornea 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, laser or

cutting mechanism can then be used to cut or ablate an annular-shaped intrastromal
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pocket 726 in cornea 712 as needed and/or desired, Accé:dingly, an annular groove is
now formed for receiving ocular material or implant 630 which is discussed above in
detail.

The annular groove formed by annular incision 718 separates comea 712 into
first and second opposed internal surfaces 722 and 724. First internal surface 722
faces in the posterior direction of eye 710, while second internal surface 724 faces in
the anterior direction of eye 710. Optionally, either internal surfaces 722 or 724 can
be ablated to make the annular groove or pocket 726 larger to accommodate ocular
implant 630.

The portion of cornea 712 with internal surface 722 forms an annular flap 725,
which is then lifted and folded away from the remainder of cornea 712 so that ocular
implant of material 630 can be placed into annular pocket 726 of comnea 712 as seen
in Fig. 58. Now, corneal flap 725 can be folded over ocular 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 cornea 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 exterior surface of cornea 712 at its
original curvature, In other words, ocular implant or material 630 can modify the
patient's vision by changing the curvature of the cornea 712 and/or removing opaque

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

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
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only significant difference between the methods discussed regarding Figs. 54-57 and
the method of Fig. 59 is that the thin layer 816 of Fig. 59 is not completely removed
from cornea 812 of eye 810.

In other words, thin layer 818 of cornea 812 is formed by using a scalpel or
laser such that a portion of layer 818 remains attached to the cornea 812 to form a
corneal flap. The exposed inner surface 820 of layer 818 or the exposed internal
surface 824 of the cornea can be ablated or cut with a laser or cutting mechanism as in
the previous embodiments to modify the curvature of the comea. Ocular implant 630
can then be placed between internal surfaces 820 and 824 of cornea 812. The flap or
layer 818 is then placed back onto the cornea 812 and allowed to heal. Accordingly,
ocular implant 630 can increase, decrease or maintain the curvature of eye 810 as

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 a disk shape member, which
is as thin as paper or thinner. Ocular implant or material 930 includes a center
opening 932 for allowing intrastromal fluids to pass between either sides of ocular
implant or material 930. Basically, ocular implant or material 930 is constructed of a
suitlable 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 cornea. 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 after ocular implant or material

930 is inserted into the comea. Even if there is some change in the comea, this
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change can be compensated by the refractive powers of the ocular implant cr matesial

930.

Ocular implant or material 930 can be inserted into the cornea in any of the

various ways disclosed in the preceding embodiments. In particular, ocular implant or

material 930 can be inserted through a relatively small opening formed in the comea

by folding the ocular implant or material 930 and then inserting it through the small

opening and then allowing it to expand into a pocket formed within the intrastromal

area of the cornea. Moreover, a thin layer or flap could be created for installing ocular

implant or material 930 as discussed above.

The outer diameter of ocular implant or material 930 is preferably in the range

of about 3.0 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, only certain areas of the

ocular implant 930 will have a refractive index which is different from the

intrastromal tissue of the comea, while the remainder of ocular implant or material

930 has the same refractive index as the intrastromal tissue of the cornea.

Preferably, ocular implant 930 is made from a bio-compatible transparent

material which is resilient such that it can be folded and inserted through a small

opening in the cornea and then allowed to expand back to its original shape when

received within a pocket in the cornea. Examples of suitable materials inciudc, for

example, substantially the same set of materials discussed above when referring to

ocular implant or material 430 or 630 discussed above.
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prior discussed method for the treatment of hyperopia, myopia and/or improving a
patient's vision by removing opaque portions of the cornea in accordance with the
present invention. Accordingly, many of the prior procedures and illustrations
previously mentioned herein will be used to describe the procedures of Figs. 62-73.

As in the previous embodiments, the procedures for modifying eye 1010 of
Figs. 62-71 are accomplished by treating the intrastromal areas of cornea 1012. These
procedures can include incrementally and sequentially ablating or removing three-
dimensional portions of the intrastromal area of cornea 1012 and/or inserting ocular
material 428, 430, 528, 630 or 930, as discussed 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 to 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
with the present invention. Incision 1018 or incisions can be made in cornea 1012 via
a tc')ol 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 cornea 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
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& ()- 104] Pocket 1026 can have its intrastromal tissue removed 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 removal of the internal surfeces 1022 and 1024 of the cornea is particularly
desirable to remove opaque areas of cornea 1012. The removal of the intrastromal
tissue from internal surfaces 1022 and 1024 can be accomplished by either a diamond
tipped drill similar to Fig. 36 or via a laser beam-emitting cable such as a fiber optic
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 including a laser beam transmitting portion
1030 and a laser beam blocking portion 1032 such that when the laser beam is
directed onto the template, 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
portion 1030 being substantially a disc-shaped member and laser beam blocking
p01:tion 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 template
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 cornea 1012. Moreover, laser
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template 1028 can have slits to assist in the insertion of template 1028 into pocket
1026.

Examples of other possible template configurations are shown in Figs. 72 and
73 for controlling the ablation of cornea 1012, Template 1028" has a ring-shaped laser
beam transmitting portion 1030’ and a laser beam blocking portion 1032' surrounding
portion 1030'. Template 1028' also has a slit 1034’ for aiding in the insertion of
template 1028' into cornea 1012. Fig. 73 illustrates a template 1028", which has a
plurality of radially extending lines forming the laser beam transmitting portion 1030"
and a laser beam blocking portion 1032" surrounding portion 1030",

It should also be apparent to those skilled in the art from this disclosure that
the template to be used with the procedures of this invention may have a variety of
shapes, including but not limited to partial disc shapes, partial ring shapes, irregular
shapes, to obtain the desired ablation pattern.

Since template 1028 must be inserted through the relatively 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
1026. Examples of various flexible materials include the same materials used for
ocl'llar 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, cormnea 1012 is left alone for a
predetermined period of time such as twenty-four hours to about forty-eight hours to
allow the cornea to obtain its new refractive powers. This predetermined period could
be longer, e.g., up to one month or even slightly longer. Now the cornea 1012 is

examined to determine how the cornea needs to be further modified to obtain the
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desired vision, if any further modification is nceded. Duilag this predetermined set
time period, the pocket 1026 and the incision 1018 will not have time to completely
heal such that the surgeon can further ablate the internal surfaces 1022 and/or 1024 of
cornea 1012 and/or insert one of the previously ocular materials 428, 430, 528, 630 or
930, or any of the variations thereof as previously discussed above, In other words,
the surgeon can further ablate corea 1012 as necessary through small opening 1018
or insert the desired ocular material to create the desired further modification.

In the case of a solid ocular implant, the surgeon can insert one ocular implant
and then examine the refractive power of cornea 1012 to determine if that is the
correct ocular implant. If not, the surgeon can remove that ocular implant and insert
another ocular implant. This procedure can be continued until the correct ocular
implant ig inserted into cornea 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 often desirable to irrigate 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
1(526. 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 cornea. 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 gel or fluid of the previous embodiments may be
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injected within the pocket 1026, and then the surgeon will examine the eye to
determine the new refractive power of the cornea resulting from the insertion of the
ocular material. Of course, the surgeon can adjust the ocular material by adding or
subtracting predetermined amounts of the ocular material, and then reexamining the
patient's eye until the desired refractive power of the cornea is obtained.
Of course, the curvature of the cornea can be modified as needed by the
insertion of the ocular material in the same manner as mentioned previously herein
and as illustrated in the previously discussed figures. In particular, as seen in the
previous examples of Figs. 38-40 utilizing ocular material 428, pocket 1026 can be
overfilled, partially filled, or completely filled to modify cornea 1012 as needed. The
cavity or pocket 1026 can be completely filled with the ocular material to restore the
normal curvature of the comnea 1026 to result in a cornea with a curvature similar to
cormea 428 as seen in Fig. 40. The amount 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 cornea with a curvature as seen in
Fig. 38. Altemnatively, 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 50 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
anl 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 intermal surfaces 1022 and 1024 of pocket 1026 come together to
encapsulate ocular material within cornea 1012. In other words, the surfaces heal and

grow back together, resulting in permanent curvature modification of the cornea.
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Embodiments of Figs. 74-84

Another embodiment of the universal blank according to the present invention
is shown in Figs. 74-76. Specifically, the blank 1100 is annular or ring-shaped having
an upper planar, substantially planar or substantially curved surface 1102, a lower
planar, substantially planar surface or substantially curved 1104, an outer wall 1106
and an inner wall 1108 defining an opening 1110 through the blank 1100. The
opening 1110 can be circular in shape, as shown, or any suitable shape such as oval,
multi-sided (e.g., square, rectangular, triangular), and so on. The opening 1110 also
need not pass entirely through the blank 1100 as shown, but can be a recess in the
blank 1100.

The surfaces 1102 and 1104 can be parallel 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 portions, 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
and 630 discussed above. For example, the blank 1100 can be made of synthetic
ma:terial. organic material, or a combination of both synthetic and organic material,
that permits all or substantially all light having a wavelength in the visible spectrum to
pass through, but absorbs all or substantially all 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
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blank 1100 can be made from a donor comea of & Luzun eye, orcan be taken from a
cultured comea. However, the blank 1100 is not limited to those materials, and can be
made of any suitable material, 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 Jose I
Barraquer, M.D, entitled "Keratomileusis and Keratophakia in the Surgical Correction
of Aphakia", the disclosures of which are hereby incorporated by reference herein.

Typically, the blank 1100 has an outer diameter within a range of about 4 mm
to about 11 mm, and opening 1110 has a diameter of about 0.1 mm to about 10 mm,
depending on the size of the outer diameter. Furthermore, the blank 1100 can have a
thickness ranging from about 10 pm to about 1000 pm, with a thickness of about 144
um being a suitable exemplary thickness. In general, about 12 pm of blank thickness
provides a correction of about 1 diopter. Hence, a2 144 pm thick blank provides for a
correction of about 12 diopters.

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
shgpe, 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 largest
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 pm
to about 1000 um, with a thickness of about 144 pm being a suitable exemplary

10 10
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thickness. Also, the surfaces 1114 and 1116 can be parallel or substantially parallel to
each other, or at any suitable angle, and either the outer wall 1118, the inner wall
1120, or both, 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, Also, as with
blank 1100, the surfaces 1114 and 1116, the outer wall 1118 and inner wall 1120 need
not be smooth, but can have projected portions, recesses or any type of texture or
degree of curvature.

In addition, as shown in Fig. 80, either of blanks 1100 and 1112 can have a
varying thickness ranging from about 20 pm to about 500 pm, which is especially
useful in correcting astigmatic conditions, Furthermore, the blanks 1100 and 1112
need not be completely annular. That is, blanks 1100 and 1112 can include a gap
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. Alternatively, gap 1126 can be slot-like, with the surfaces 1132 and 1134
extending paralle]l or substantially parallel to each other. The surfaces 1128, 1130,
1132 and 1134 can be smooth, or can have projections or any suitable texture, Also,
ins'tead 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 comea. 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
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excimer laser or the like, to be formed to a desired shape prior to use. Alternativeiy,
the blank 1100 can be shaped in a lathe, such as a cryolathe, to the desired shape prior
to use. For example, the upper (anterior) surface 1102 may be shaped to have a
curvature which is concave, convex, toric, or parallel in relation to posterior surface
1104, or any other suitable curvature. The posterior surface 1104 can have any of
these shapes as well. The thickness of the blank 1100, the curvature of anterior
surface 1102, the length of the gap 110 (or thickness of the region between surfaces
1132 and 1134) can be prefabricated to correct ametropia and astigmatism without the
use of laser ablation. The universal blank having the shape shown in Fig. 77-79 can
have similar prefabricated characteristics, as desired.

An embodiment of a method for using the universal blanks 1100 and 1112
according to the present invention is shown in Figs. 81-84, which is similar to the
methods described above regarding blank 18. For exemplary purposes, Figs. 81-84
illustrate blank 1100. However, blank 1112 is used in a similar manner.

Fig. 81-83 show a human eye 1136 comprising a cornea 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 cornea 1138 at a connecting
portion 1142. When the flap-like layer 1140 is separated from the cornea 1138 as
shown, and inner surface 1144 of the flap-like layer 1140 is exposed, and an inner
sur.face 1146 of the cornea 1138 is exposed. As shown in Figs. 80-83, 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) 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
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(or 1112), inner surface 1144 of the flap-like layer 1140, or exposed surface 1146,
However, if desired, either or both of the surfaces 1144 and 1146, as well as the blank
1110 (or 1112) can be ablated to a desired shape.

Once the flap-like layer 1140 has been repositioned over the blank 1110 (or
1112), the flap-like layer 1140 rests on the blank 1100 (or 1112) and surface 1146 in a
relaxed state. Accordingly, the surface 1146 and the blank 1100 (or 1112) influence
the shape of the flap-like layer 1140 when the flap-like layer 1140 is repositioned over
the blank and the surface 1146. The new shape assumed by the flap-like layer 1140
thus corrects the refractive power of the eye 1136 as necessary to correct the vision
disorder.

Once the flap-like layer 22 and surface 26 heal, the patient’s eyesight can be
tested. If it is determined that the vision disorder has not be satisfactorily corrected,
the flap-like layer 22 can be again separated from the cornea 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 1112), 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-like la‘yer 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. It 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
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the opening in the blank to achieve the appropriate corneal modification. In this
event, less laser usage and thus, less overall surgical time, is required.
While various advantageous embodiments have been chosen to illustrate the

invention, it will be understood by those skilled in the art that various changes and

modifications can be made therein without departing from the scope of the invention
as defined in the appended claims.
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What is claimed is:

1. A method of modifying the curvature of a patient's live cornea, comprising
the steps of:

separating a layer of said live comea from the front of said live cornea;

moving said separated layer to expose an internal surface of said live cornea
underneath said separated layer;

positioning a blank, having an opening therein, on said internal surface of said
live cornea; and

repositioning said separated layer of said live cornea back over said internal
surface of said live cornea and said blank, so that the shape of the internal surface and
said blank influences the shape of said repositioned separated layer of said live

cormmea.

2. A method according to claim 1, wherein the separating step comprises the
step of using a blade to cut an incision into said live comea to separate said separated

layer from said live cornea.

3. A method according to claim 1, wherein the separating step comprises the
step of forming said separated layer as a flap having an attaching portion which

remains attached to said live cornea.
4. A method according to claim 1, wherein the separated layer moving step
comprises the step of moving said separated layer about said attaching portion to

expose said internal surface.

5. A method according to claim 1, wherein said repositioning step comprises
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the step of placing said separated layer of said live ~omea back over said internal
surface of said live cornea and said blank so that said separated layer rests in a relaxed
state on said internal surface and said blank.

6. A method according to claim 1, wherein said blank is annular-shaped
7. A method according to claim 1, wherein said blank is oval-shaped.

8. A blank, adaptable for use in modifying the curvature of a patient's live
cornea, comprising:

a first surface adapted for placement directly on an internal exposed surface of
said patient's live cornea which has been exposed by removing a flap portion from
said live cornea;

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 blank comprising a material whose properties permit light having a
wavelength within the visible spectrum to pass therethrough.

9. A blank according to claim 8, 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.

10. A blank according to claim 8, 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

()-3 10
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is within a range of about 4 mm tc about 11 mm, and the diameter of said opening is

within a range of about 0.1 mm to about 10 mm.

11. A blank according to claim 8, wherein said material is one of organic

material and synthetic material.

12. A blank according to claim 8, wherein said material is one of collagen,

copolymer collagen, polyethylene oxide and hydrogel.

13. A blank according to claim 8, wherein said material includes one of the
following cross-linked organic materials: collagen, hyaluronic acid,

mucopolysaccharide and glycoprotein.

14. A blank according to claim 8, wherein said blank has a substantially
uniform thickness between said first and second surfaces.

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

are substantially planar surfaces, or substantially curved surfaces.

16. A blank according to claim 8, wherein said first and second surfaces are
substantially parallel to each other.

17. A blank according to claim 8, wherein said second surface is convex,

concave, or toric in relation to said first surface.

18. A blank according to claim 8, wherein said wall surface extends at an

angle other than 0° with respect to said first and second surfaces.
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19. A blank according to claim 8, wherein said wall surface is convex,

concave or toric.

20. A blank according to claim 8, wherein said wall surface extends

substantially perpendicularly with respect to at least one of said first and second
surfaces.

21. A blank according to claim 20, wherein said wall surface extends
substantially perpendicularly with respect to said first and second surfaces.

22. A blank according to claim 8, wherein said blank is annularly-shaped.
23. A blank according to claim 8, wherein said blank is oval-shaped.

24. A blank according to claim 8, wherein said wall surface defines said
opening as a substantially circularly-shaped opening.

25. A blank according to claim 8, wherein said wall surface defines said

opening as an oval-shaped opening.
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1. A method of modifying the curvature of a patient's live cornea,
comprising the steps of:

separating a layer of said live cornea from the front of said live cornea;

moving said separated layer to expose an internal surface of said live
cornea underneath said separated layer;

positioning a blank, comprising a material permitting light having a
wavelength within the visible spectrum to pass therethrough, and having an opening
therein, on said internal surface of said live cornea; and

repositioning said separated layer of said live cornea back over said
internal surface of said live cornea and said blank, so that the shape of at least one
of the internal surface and said blank influences the shape of said repositioned
separated layer of said live cornea substantially without imposing tension on said

repositioned separated layer.

2. A method according to claim 1, wherein the separating step comprises
the step of using a blade to cut an incision into said live cornea to separate said

separated layer from said live cornea.

3. A method according to claim 1, wherein the separating step comprises
the step of forming said separated layer as a flap having an attaching portion

which remains attached to said live cornea.
4. A method according to claim 3, wherein the separated layer moving

step comprises the step of moving said separated layer about said attaching

portion to expose said internal surface.

AMENDED SHEET (ARTICLE 19)



10( (! S210% (& () - 6zkdEUV7

., Y-109& ()-y3S10%& ()-109%& ()-yyl0%& ()-yl0%& ()-S10%& ()-yuj _@ 10%

h& ()-S 10 10 10(10%& ()-Y, L' 10%& ()-!'y"109%& ()-| 109% ()-b}*<j_@ ! @0%h
h& () - 310%waow5154610% h&' () -sy1l0% h& ()-!)10% | & () - S! ~10HPR0YS28KaB] @
I'sf &S10% h&' () -$10% h& () -, S10% h& ().-10% h& ()- @0%

h& ()-T!" @0%h& ()-CdEj _@ !'F4 10% h& ()-2@0% h& ()-9 110% h& ()-s, f10%
h& ()-T& 10% h& ()-s'Y 10% h& ()-C*_"a~g{\=

lfyl0%m& ()-f-10%m& ()-!nlO%ES5ES& ()-@; mO%&' ()-@10 h 10 h 10 h7f10%

h& ()-5,dE{\= !f3-10%& ()-z10%m& ()-f

10%&' () -z10%&' (3.- 1% &h¢d adOedng (9 claky*lgdWlidrein said repositioning step

;B;;%O ((%;TE&Q(QZ %"é?l?isgg/ @{‘5‘ s(e}a_c}cf plajch(gmggid(q)eﬁargt;@ %ﬂg cgf)s_ai%\ l%v%%%eg)bﬁék over
said internal surface of said live cornea and said blank so that said separated layer

rests in a relaxed state on said internal surface and said blank.
6. A method according to claim 1, wherein said blank is annular-shaped
7. A method according to claim 1, wherein said blank is oval-shaped.

8. A blank, adaptable for use in modifying the curvature of a patient's live
cornea, comprising:

a first surface adapted for placement directly on an internal exposed
surface of said patient's live cornea which has been exposed by removing a flap
portion from said live cornea;

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 blank comprising a material whose properties permit light having a

wavelength within the visible spectrum to pass therethrough.

9. A blank according to claim 8, 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.
10. A blank according to claim 8, 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

AMENDED SHEET (ARTICLE 19)
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said opening is within a range of about 0.1 mm to about 10 mm,

11. A blank according to claim 8, wherein said material is one of organic

material and synthetic material.

12. A blank according to claim 8, wherein said material is one of

collagen, copolymer collagen, polyethylene oxide and hydrogel.

13. A blank according to claim 8, wherein said material includes one of

collagen, hyaluronic acid, mucopolysaccharide and glycoprotein.

14. A blank according to claim 8, wherein said blank has a substantially

uniform thickness between said first and second surfaces.

15. A blank according to claim 8, wherein said first and second surfaces

each are substantially planar surfaces, or substantially curved surfaces.

16. A blank according to claim 8, wherein said first and second surfaces

are substantially parallel to each other.

17. A blank according to claim 8, wherein said second surface is convex,

concave, or toric in relation to said first surface.

18. A blank according to claim 8, wherein said wall surface extends at an

angle other than 0° with respect to said first and second surfaces.

19. A blank according to claim 8, wherein said wall surface is convex,
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surfaces.

21. A blank according to claim 20, wherein said wall surface extends

substantially perpendicularly with respect to said first and second surfaces.
22. A blank according to claim 8, wherein said blank is annularly-shaped.
23. A blank according to claim 8, wherein said blank is oval-shaped.

24. A blank according to claim 8, wherein said wall surface defines said

opening as a substantially circularly-shaped opening.

25. A blank according to claim 8, wherein said wall surface defines said

opening as an oval-shaped opening.

26. A method of modifying the curvature of a patient’s live cornea,

comprising:

separating a layer of said live cornea from the front of said live cornea;

moving said separated layer to expose an internal surface of said live comea
underneath said separated layer;

positioning a blank, having an opening therein, on said internal surface of
said live cornea; and

repositioning said separated layer of said live cornea back over said internal

surface of said live cornea and said blank, such that said separated layer rests in a
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relaxed state on said internal surface and said blank, and the shape of at least one of
the internal surface and said blank influences the shape .of said repositioned

separated layer of said live cornea.

27. A method as claimed in claim 1, wherein said blank is continuous

about its perimeter.

28. A blank as claimed in claim 8, wherein said blank is continuous

about its perimeter.

29. A blank as claimed in claim 8, wherein said properties of said

material permit said light to pass through said first and second surfaces
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