WD 98/ 48715 PCTI US98/ 04680 A UNI VERSAL | MPLANT BLANK FOR MODI FYI NG
CORNEAL CURVATURE AND METHODS OF MODI FYlI NG CORNEAL CURVATURE THEREW TH
BACKGROUND OF THE I NVENTION Field of the Invention: The prgﬁgg%a)g%gntlon
rel ates t¥O2%R{Wersal blank which is used to modi fy the & P
live cornea when inplanted therein. The blank is nmade of synthetic or
organic material and is shaped to the appropriate configuration while
supported on an exposed inner surface of the cornea. WD 98/48715
PCTI US98/ 04680 -2 Description of the Related Art: A nOJMﬁW c eye
includes a cornea, lens and retina. The cornea and |en @Wm eye
cooperatively focus light entering the eye froma far pointel. €.,
infinity, onto the retina. However, an eye can have a disorder known as
anetropia, which is the inability of the Iens and co
point correctly on the retina. Typical types of ametropi m ar e @ﬂ”@,ﬂ
an

hypernetropi a or hyperopia, and astigmatism A myopic ey wmum
axial length that is |onger than that of a nornal enetr
cornea or lens having a refractive power stronger than that *@bootxhe cornea
and lens of an enetropic eye. This stronger refractive power causes the
far point to be projected in front of the retina. Conversely, a
hyper metropi ¢ or hyperopic eye has an

A UNIVERSAL IMPLANT BLANK FOR MODIFYING CORNEAL CURVATURE

AND METHODS OF MODIFYING CORNEAL CURVATURE THEREWITH

BACKGROUND OF THE INVENTION

Field of the Invention:

The present invention relates to a universal blank
which is used to modify the curvature of a live cornea
when implanted therein. The blank is made of synthetic or
organic material and is shaped to the appropriate
configuration while supported on an exposed inner surface

of the cornea.



axial length shorter than that of a normal enetropic eye, or a lens or
cornea having a refractive power less than that of a |lens and cornea of an
enetropic eye. This |esser refractive power causes the far point to be
focused WR9B4EUSof the retina. An eye suffering from asti E6AUSINP468E a
defect in the Ilens or shape of the cornea. Therefore, an astigmatic eye
is incapable of sharply focusing i mages-@n the retina. A common nethod of -
correcting nyopia is to place a "mnus" or cancave lens in front of the
eye in order to decrease the refractive power of the cornea and lens. In
a simlar manner, hypernetropic or hyperopic conditions WO 98/ 48715

PCT/ US98/ 04680 -3 ¢an be ¢ rrec eg to_a certain degree by placing a "plus"
or convex Iwﬂt—g—f—gﬁe—é@%ease the refractive power of the
cornea and |ens. L%fa&h\eerosaeereﬁw@aémaesbea Us8Ent®, CaldREt and
astigmati sm The  concave, convex or ot her shaped | enses are typically
configured iatiha.f omteoicogingss es:dorlaxontaiCta | revwsesl él'w scoopehat guelywhi ch
i nvol ves the placenment of lenses in front of the ey is known as

phot or ef r acEpgeskel bgkEt cﬁf}FeWrEho&ﬁW pR¥Eor EFPEctd véal?er BPEBEomy cBin’ be
used to cor r?ct Jyision . in eyes Iseq,_ffrﬁ{l ng fJ.0d 0w gﬁogﬁ UPaL O tBive a
[ y&s ST y ypero

di opteers, eri'ng from hypernetropic, pic or astigmatic

condi tions aﬁibgbda&ekﬁ@unvarsy ane@eda t hatidretiod s imaiiEoty vef i the
correcting vision in eyes suffering fromsever forns of anetropia. For
exanpl e, phdeosefaratttoenker fPecianys i shendfreReiRt | ROrEBFEAFL Iy BRGh

myopi a of Grgkggggrs Orﬂ%@%ﬂ&fﬁ %Q%egs of ametropia are myopia,
hypermetropia or hyperopia, and astigmatism.

A myopic eye has either an axial 1length that is
longer than that of a normal emetropic eye, or a cornea or
lens having a refractive power stronger than that of the
cornea and lens of an emetropic eye. This stronger
refractive power causes the far point to be projected in
front of the retina.

Conversely, a hypermetropic or hyperopic eye has an
axial length shorter than that of a normal emetropic eye,
or a lens or cornea having a refractive power 1less than
that of a lens and cornea of an emetropic eye. This
lesser refractive power causes the far point to be focused
in back of the retina.

An eye suffering from astigmatism has a defect in the
lens or shape of the cornea. Therefore, an astigmatic eye
is incapable of sharply focusing images on the retina.

A common method of correcting myopia is to piace a
"minus" or concave lens in front of the eye in order to

decrease the refractive power of the cornea and lens. In

a similar manner, hypermetropic or hyperopic conditions



al so ineffective in correcting severe astigmati smand severe forns of
hypermetropi a or hyperopi a. However, surgical techniques exist for

correcti n‘g t hese nore severe forns of anetropia to a certain degree. For
exanpl e, YR%487Pechni que known as myopic keratonil eusis, ESTHYEP8#SPat ome
is used to cut away a portion of the front of the live cornea fromthe
main section of the live cornea. The cut _portion of the cornea is frozen
and placed in a cryolathe where it is cut and . reshaped. Altering the shape
of the cut portion of. the <cornea changes the refractive power of this cut
portion, which thus affects the | ocation at which |ight entering WO

98/ 48715 PCT/ US98/ 04680 -4 _the cut Gfport.i ondof the. cornea is focqsc.igl.s,,The
reshaped cGBDpdIa i BPTHECEPR EBr Re LT HEATEEET abRePIFTYHE Aui R Sorti on

of the live corn n itsls ¢ d t r eshaped e@isRea twd |
change t he Borsi F:S%Xegte ! |n€h %lhe fﬁ%t Ee5eknt g?{iengte?%e eye through the cut
portion is hegusedivespdbat bapafhd | gorheal iaglt 1len$ocuskensest havieg na,
thus renedying the anetropic condition. The myopi ¢ keratom | eusis

techni que | otieownshappe T b VESER &R | RETRFGH cAEbhITEFHRT - wi t BT a

range of 6 to 18 diopters. % he iq kS ol MARACt iCal; ~Jhgcause
it enpl oys YERC Gl iCATES 2?1) t:s%etgonghr%g%g ?!rggg%sng,ar%ut 'Itt 6and9a
t hawi ng pr ocessaSurRld ihe Y Eorthasf tedwiaieot sconehteclbreebn catiiecting

nyopi ¢ conditions greater than 18 diopters. Keratophakia is another known
surgi cal t eclkuihpierfeor widatr dotviqlyesevdre aacopet cohdlensas af frendye by
of the eye, is known as photorefractive keratectomy.

Although photorefractive keratectomy can be used to
correct vision in eyes suffering from low myopia up to 6
diopters, or in eyes suffering from hypermetropic,
hyperopic or astigmatic conditions which are not very
severe, that method is ineffective in correcting vision in
eyes suffering from sever forms of ametropia. For
example, photorefractive keratectomy is ineffective in
correcting high myopia of 6 diopters or greater, and is
also ineffective in correcting severe astigmatism and
severe forms of hypermetropia or hyperopia.

However, surgical techniques exist for correcting
these more severe forms of ametropia to a certain degree.
For example, in a ~ technique known as myopic
keratomileusis, a microkeratome 1is used to cut away a
portion of the front of the live cornea from the main
section of the live cornea. The cut portion of the cornea
is frozen and placed in a cryolathe where it is cut and
reshaped. Altering the shape of the cut portion of. the

cornea changes the refractive power of this cut portion,

which thus affects the location at which light entering



altering the shape of the eye's cornea. In this technique, an artificial
organic or synthetic lens is inplanted inside the cornea to thereby alter
the shape of the cornea and thus change its refractive power.

Accor di ngVQ 984815 t h t he nyopi ¢ keratonil eusis techni que, PCI/YSE8/4689 r abl e
that the shape of the cornea be altered to a degree allow ng |ight
entering the eye to be focused correctly._on the retina. However, the

ker at ophaki a technique is inpractical, conplicated, and expensive because
it requires manufacturing or cutting a special lens prior to its
insertion into the cornea. Hence, a surgeon is required WO 98/48715

PCTI US98/ 04680 -5 to either nmaintain an assortpent of m differently
shaped | ens&ge ¢tutal PR¥haPTv ety thEIsEOREGR dScekTUT exp vESERaPSHent |

such as a Cy(el Y& MIGH £AD B plsedid Gl LOScEABRAr e diie i faghti on
into the cornea. §hrg|ca techniques i nvolving the use of ultraviolet and
shorter wavgbeRgbh |srsetget Q ivedi dyrride. shajemoef, tie ieoriramemmiesh that
known. For exanple, excimer |asers, such as those described in U S,  Patent
No. 4,840, 1T5et cerdaped cawnesh widll phpsge ther Resdtdey &F HBHFR EBR be

used to degonpose or phof oabl ale thssue,l ihe. | ve, cordiea; $0easusta,

reshape t he'¢8 i I%X surgi ca ni gue known as

laser in sity kenat apeesilay kAl Kides heerodiad asis! the develnpedehyst he
present inventor. In this téchnique, a portion of the front of a live

cornea can kemedlyiawayhien ameligobaiomceohndd tfiloap havi ng a t hi ckness of about

160 . .
The myopic keratomileusis technique is known to be

effective in curing myopic conditions within a range of 6
to 18 diopters. However, the technique is impractical
because it employs very complicated and time consuming
freezing, cutting and thawing processes. Furthermore, the
technique is ineffective in correcting myopic conditions
greater than 18 diopters.

Keratophakia is another known surgical technique for
correcting sever ametropic conditions of the eye by
altering the shape of the eye's cornea. In this
technique, an artificial organic or synthetic lens is
implanted inside the cornea to thereby alter the shape of
the cornea and thus <change its refractive power.
Accordingly, as with the myopic keratomileusis technique,
it is desirable that the shape of the cornea be altered to
a degree allowing light entering the eye to be focused
correctly on the retina.

However, the keratophakia technique is impractical,
complicated, and expensive because it requires
manufacturing or cutting a special 1lens prior to its

insertion into the cornea. Hence, a surgeon 1is required



mcrons. This cut portion is renmoved fromthe live cornea to expose an

i nner surface of the cornea. A laser beamis then directed onto the
exposed inner surface to ablate a desired anmount of the inner surface up
to 150 - Y88¥4%i'erons deep. The cut portion is then reattachedUsaio%ne
abl ated portion of the cornea, and assunes a shape conformng to that of
the abl ated portion. However, because onlsy- a certai n anmount of cornea can
be abl ated wi thout the remaining cornea becoming unstable or experiencing
out bul ging (eklasia), this technique is not especially effective in

correcting very high nyopia. That is, a typical live cornea is on average
about 500 WD 98/48715 PCTI, 04680 _- | ns Jehi Theyile3s8le@hat i on
t echni que r58ui FégZ‘Fﬁat maéygggglst gglboaf"sg)ffgh%lhgror?tg oﬁgﬁ%/e C(%r neale st rygma

remin aftghaphg abeakedn | srcoankeradtioelgt msiabitavey amdessut md gi ng
does not occur. Hence, this procedure cannot be effectively used to
correct hi gexppapiizeof eguipment t hauchi 5agi obt SvgFBatditse WhishdeFarn o be
reshape the cornea to the gg ree necessary to alter.iég geﬁregﬂége power
so as to sHFEPcEencyr &bfr 605t RE 1o r‘%‘s"cﬁ‘r':tlhoé'1 YEC TS TSt the
cornea woul d need fq 13@@5%@@@@11%19%%”@% teshnbeues thak idt yi ng
corneal curvature, "such as those di scussed above, are described in U S
Pat ent No. 4n994H¥n 41 Ravebeegithl 1lasdrS. tRatwodifly. the 79i8apd Sofo the

L' Esperance, U.S. Patent No. 5,336,261 to Barrett et. al., _ U.S. Patent No.
4,840, 175 t 6oPEpRaRlS@Pre FUBVR cat FOX KBRS 1 . B PeHudPSeRED. SHH t1 ed

"Keratom leusig,and Keralophakig ith 4 hep JULQLCRL . 4,840,175 to Peyman,
which emit pulsed ultraviolet radiation, can be used to
decompose or photoablate tissue in the live cornea so as
to reshape the cornea.

Specifically, a laser surgical technique known as
laser in situ keratomycosis (LASIK) has been previously
developed by the present inventor. In this technique, a
portion of the front of a live cornea can be cut away in
the form of a flap having a thickness of about 160
microns. This cut portion is removed from the live cornea
to expose an inner surface of the cornea. A laser beam is
then directed onto the exposed inner surface to ablate a
desired amount of the inner surface up to 150 - 180
microns deep. The cut portion is then reattached over the
ablated portion of the cornea, and assumes a shape
conforming to that of the ablated portion.

However, because only a certain amount of cornea can
be ablated without the remaining cornea becoming unstable
or experiencing outbulging (eklasia), this technique is
not especially effective in correcting very high myopia.

That is, a typical live cornea is on average about 500



Correction of Aphakia". A continuing need therefore exists for inproved
nmet hods to correct very severe anetropic conditions. SUMVARY OF THE

| NVENTI ON Accordingly, a prinmary object of the present inventionis to
provi de avQeéw¥#siaswhi ch can be used to nodify corneal curva8CTUSIHN46BDOUL
experiencing the drawbacks associated with the known techni ques di scussed
above, to thus correct severe ametropic_gonditions. WO 98/48715 -
PCT/ US98/ 04680 -7 Anot her object of the Tnvention is to configure the
device to be positioned on the surface of the cornea and reshaped while on
the surface of the cornea so that the device need not be prefabricated or
nodi fied prior to placenment on the cornea. A further object of the

i nvention i mitwopsoindeka EchokRIerN FOHREIPHgERRNLEID T HUL R vEDPREY nea

L

and reshapeft*t ect of t Irnvention 1s o provide

a method foreppdi Do bRGc3BAPE: HF cBmbllveeaOrathtt rieiEvdbig iy ayaa of
the live cornea to expose a surface underneath, placing a device on the
exposed surbackullhdng ciwedenotsoagged .whi Henga, t fdiex pseckdurd agannot

reshaping the device, and repositioniqg tqﬁ.layer over %herregainhggn
portion of PReefdsrided deNE & tFRIT THe apeP VP ced  FArFliences the
shape of thes! aueldid tusaidle fyCoakbr €07 ReBNaPRe did QU0kIG OBbeehs are
basically o fai ned y
degree necessary to alter its refractive power so as to
sufficiently correct the focusing of the eye, too much of
the cornea would need to be ablated.
Examples of known techniques for modifying corneal
curvature, such as those discussed above, are described 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 1I. Barraquer, M.D. entitled
"Keratomileusis and Keratophakia in the Surgical
Correction of Aphakia".

A continuing need therefore exists for improved

methods to correct very severe ametropic conditions.

SUMMARY OF THE INVENTION

Accordingly, a primary object of the present
invention is to provide a device which can be used to
modify corneal curvature without experiencing the
drawbacks associated with the known techniques discussed

above, to thus correct severe ametropic conditions.



providing a universally sized blank nmade of organic material, synthetic
material, or a conbination of organic and synthetic material, that can be
pl aced on an exposed inner surface of a live cornea and ablated with a

| aser bIMOBE8MHE altered to a particular shape. The uni verl&diV$P8/04¢89cq

bl ank can be porous to allow oxygen and nutrients to pass there through. _
Al so, the blank can be nade from Iliving7cells such as a donor cornea of a
human eye (e.g., F TH' S SHEET HAS BEEN REPLACED WD 98/ 48715 PCT/ US98/ 04680
-8 as taken from an eye bank), or can be taken froma cultured cornea. A
flap-like portion of the live cornea is renoved to expose the inner

surface of the cornea. The blank is osi tioned on.the e 'ggegh
surface of the c%PﬁEE?raﬁ 3%§ﬁe%%rt8§aﬁ%¥$n|ﬁ%ﬁnéé gﬁ%éggzr N portions

of the bl agk,igecaklat tHOse: DORE&a0BS A thwsraeshape tie dbanka haded on
the type of anetropic condition (i.e., nyopia, hyperopia or astigmatism
of the eye peeHapgdcetridet i om. th&hesunfard | k€ ot | cpreeat e ddiateaths t hen
repositioned over the_ remaining portion,of the blank

( ' 1S .Q?at t.he
remai ni ng pdevien oreede Mtanke PFEERRELCRRE sH%Be'TWiﬁékg r EX¢P4chEg

flap-like portion o e r hus nodi fying the curvature of the
surface of ?%%c%%?ﬂéagﬁTﬁgguﬁggg?éél bl ank can therefore be used to
correct severe apetfopier Cobdettonst sheh hasvanhghonydp atop gmoBisie a
di opters. Ot her objects, advantages, and salient features of the, present
i nventi on whéthbdcbow mpdaf¥rngf tom shape of a live cornea by using a

device that can be placed on the surface of the live
cornea and reshaped thereon.

Still a further object of the invention is to provide
a method for mwmodifying the shape of a live cornea by
removing a layer of the live cornea to expose a surface
underneath, placing a device on the exposed surface that
can be reshaped while on the exposed surface, reshaping
the device, and repositioning the layer over the remaining
portion of the reshaped device so that the reshaped device
influences the shape of the layer and thus the overall
cornea. |

The foregoing objects are basically obtained by
providing a wuniversally sized blank made of organic
material, synthetic material, or a combination of organic
and synthetic material, that can be placed on an exposed
inner surface of a live cornea and ablated with a laser
beam to be altered to a particular shape. The universally
sized blank can be porous to allow oxygen and nutrients to
pass there through. Also, the blank can be made from

living cells such as a donor cornea of a human eye (e.g.,

THIS SHEET HAS BEEN
REPLACED




foll owi ng detailed description, which, taken in conjunction with the
attached draw ngs, discloses preferred enbodi nents of the invention. BRI EF
DESCRI PTI ON OF THE DRAW NGS Referring now to the drawi ngs which forma
part of WQ&%#7Yi nal di scl osure: TH S SHEET HAS BEEN REPPEUEBSSSR6HB/ 48715
PCT/ US98/ 04680 -9 Fig. 1 is a side elevational view in section taken '
through the center of an eye showi ng thegcornea, pupil and lens; Fig. 2 1Ts
a perspective view of an enbodi nent of a wuniversal blank according to the
present invention; Fig. 3 is a front elevational view of the enbodi nent
shown in Fig. 2; Fig. 4 is a top elevational view of the enbodi rent shown

in Fig. 2; Fig. 5is a side elevational view in sectjon taken ghrou h the
center of amsey@keoWERPT opRat PBR 0P2BK | aRT | FRE s%’?uc’f%?"énat TR % ont
of the cornea; Fi 6 is a front elevational view of the cornea and
flap-1ike s?‘?%%‘t“ﬁ‘g% %38*Y¥aRken along lines VI-VI in Fig. 5; Fig. 7 is a side
el evational view,iR1ggCctiRB {RkeAINICUGhd hEieenteinesd ap epamosed sfwow ng
the flap-like section positioned to expose an inner surface of the
cornea; FigexBoés arheenianged sinkacs eedt il corafai-n 66t | BlRlak e

through thepgggéféngé gﬂ ?KS 32%0%@ W&%ger surface of the cornea, and

a laser beam is directed onto certain portions of the
blank to ablate those portions and thus reshape the blank
based on the type of ametropic condition (i.e., myopia,
hyperopia or astigmatism) of the eye needing correction.
The flap-like portion of the cornea is then repositioned
over the remaining portion of the blank, so that the
remaining portion of the blank influences the shape of the
reattached flap-like portion of the cornea, thus modifying
the curvature of the surface of the cornea. The universal
blank can therefore be used to correct severe ametropic
conditions, such as high myopia up to 35 diopters.

Other objects, advantages, and salient features of
the present invention will become apparent from the
following detailed description, .which, taken in
conjunction with the attached drawings, discloses

preferred embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Referring now to the drawings which form a part of

the original disclosure:

THIS SHEET HAS BEEN
REPLACED




pl acement of the enbodi nent of the universal blank showmn in Fig. 2 on the
exposed surface of the cornea; Fig. 9 is an enlarged side el evational
in section taken through the center of an eye and illustrating the
uni ver salvddsasiisshown in Fig. 2 positioned on the exposedpstiyfathiesdf
cornea; WO 98/48715 PCT/ US98/ 04680 -10 Fig. 10 is a front elevationa

of the cornea wth the universal blank present on the ‘exposed surface
t hereof as taken along lines X-X in Fig.

el evational viewin section taken through the center of the eye show
the cornea and the irradiation of a | aser beamon the universal blank
positioned on the exposed surface of the cornea; Fig. 12 illustrates

abl ation of the gy

tet p& &hgigunikyesaakobhank ikyy tihe daserobaafedi 9.

Vi ew

t he
Vi ew

9; Fig. 11 is an enlarged side

ng

13

is a reduced front elevational view of the ablated universal blank taken
al ong | i neghddugixithe i pentey. of2anFeye Showd ngn tédvd arqgatbar gapiskect i onal

vi ew of the (£I ank and cornea as taken along lines XIV-XIVin Fig. 13;

Fig. 15 is 3% 1 evational view in section taken through the center of

the eye show ng ge cHryea, adrLBec, flaryhbie SOl %‘H"%ﬁ&fﬁg%abver

exposed surface of” the cornea ahd the remaining portion

uni ver sal

ati
hirdnvie rsfaowb 1 amEi giccdddihygtolbhies paresietht dlmraididigl vi ew i

section taken through the center of the eye illustrating ablation of

Fig. 3 is a front elevational view of the embodiment
shown in Fig. 2;

Fig. 4 is a top elevational view of the embodiment
shown in Fig. 2;

Fig. 5 is a side elevational view in section taken
through the center of an eye showing formation of a flap-
like structure at the front of the cornea;

Fig. 6 is a front elevational view of the cornea and
flap-like structure as taken along lines VI-VI in Fig. 5;

Fig. 7 is a side elevational view in section taken
through the center of an eye and showing the flap-like
section positioned to expose an inner surface of the
cornea;

Fig. 8 is an enlarged side elevational view in
section taken through the center of an eye and showing
placement of the embodiment of the universal blank shown
in Fig. 2 on the exposed surface of the cornea;

Fig. 9 is an enlarged side elevational view in
section taken through the center of an eye and
illustrating the universal blank shown in Fig. 2

positioned on the exposed surface of the cornea;

t he
c
n



t he universal blank as well as a portion of the cornea below the blank by
the |aser beam Fig. 17 is a side elevational viewin section taken

t hrough the center of the eye illustrating the flap-like portion

repositi owedsas®rs t he remai ning portion of the blank and alraiseglodegsti on
of the cornea; PCT/US98/04680 W 98/48715 -11- g is a side el evational
view in section taken Fig. | enter of the eye show ng the cornea and the-
t hrough the c peripheral portions i rradil8tion of a laser beam on other of
t he uni versal blank which is positioned on the exposed surface of the
cornea; taken 19 is a side elevational view in section Fig ablation of the
center of the eye showi ng through the portions of the universal blank by
irradiation of theigi m&i gs 48freatsboenaviewalakeBw bisehebeainkag. 20 is
a reduced front el evational along lines XX-XX in Fig- 19; ctional view
taken Fig. with sthe wnivegedlchbankspEersRsl opi Elet skeaser FHrERge 20;
along |ines gggfeo Fgg.tg%ehsafogbdfig%gv&gkogglnggmbgn section taken

Fig. 11 is an enlarged side elevational view in
section taken through the center of the eye showing the
cornea and the irradiation of a laser beam on the
universal blank positioned on the exposed surface of the
cornea;

Fig. 12 illustrates ablation of the center of the
universal blank by the laser beam;

Fig. 13 is a reduced front elevational view of the
ablated universal blank taken along lines XIII-XIII in
Fig. 12;

Fig. 14 is an enlarged cross-sectional view of the
blank and cornea as taken along lines XIV-XIV in Fig. 13;

Fig. 15 is a side elevational view in section taken
through the center of the eye showing the cornea and the
flap-like portion reattached over the exposed surface of
the cornea and the remaining portion of the ablatic
universal blank shown in Fig. 14;

Fig. 16 is a side elevational view in section taken
through the center of the eye illustrating ablation of
the universal blank as well as a portion of the cornea
below the blank by the laser beam;

Fig. 17 is a side elevational view in section taken
through the center of the eye illustrating the flap-like

portion repositioned over the remaining portion of the

blank and ablated portion of the cornea;



center of the eye showi ng the cornea and the through the exposed surface
of flap-like portion reattached over the and the renai ning portion of the
uni versal the cornea in gig. 19; blank ablated by the | aser beam as shown
section taken Fig. 23 is a side elevational viewin s shown %QJ ation of
t hrough the center of the eye exposed surface portlonsPGTF’UPPlig uni ver sal
blankvﬁg Adgsof a laser of the cornea below the blank by irradiation-
beam win section taken Fig. 24 is a side elevational v center of the.
eye showing the cornea and the throuyh-the osed surface of flap-Ilike
portion reattached over the exp the universal and the renaining portion of
the cornea in Fig. 23; blank as ablated by the | aser beam as shown WO

98/ 48715 PCT/' 1598/ 04680 - 12 Fig. 25 is a side elevation i& Viiexn t hrough
the center of in section the takep eviitlilonplle veyeey slﬁbvﬁ ation of
portions of thgjgnitersal apPAAR Ey It of a laser tll)eea@&rﬁélﬂlﬁthhheFl g. 26
is a front ye showing t
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uni versal elevational view of t Dblank taken along |ines XXVI_XXVI Fig. 27
Is aside in Fig. 25; elevational view in section taken through the
center of the eye showi ng the cornea and the flap-like portion reattached
t he cornea oveWQidsasepposed and the remaining surface of blank g portion
of ablated by the the universal |aser beamas shown Fig. 28 in is -a side
elev Fig. 25; through the center of the taken nultiple eye shoglig/%
abl ation of portions of t irradiation of a he universal blank HHUSogsas80
cornea by beam Fig. 29 is a side elevationglp_viewin section through the
center of the taken flap-like eye showi ng the cornea and the portion
reattached the cornea and over the exposed surface of the remaining
portion of the univegl ank as ablated by the laser rsal beamas Fig. 30 is
shown in Fig. 28; a srde S dvatd ariate elevat i '
through the o cortonal view



through the center of the eye showi ng ablation of the blank in a
nonsymmetrical manner b of a |laser beam Y irradiation Fig. 31 is a

reduced abl ated front elevational v universal blank take he Fig.
30; al ONOPY/#RIES XXXr | in WD 98/ 48715 PCT/ US98/ 04680 - [i]‘é’l@ié’%"%“égé’ is a
side el evational viewin section taken through the center of the eye _
showi ng the cornea and the flap-like.pgrtion reattached over the exposed
surface of the cornea and the renai ning portion of the universal blank as
abl ated by the | aser beamas shown in Fig. 30; Fig. 33 is a side

el evational view in section taken through the center of the eye show ng

the cornea and the flap-like portion reattac V. osgresur face
of the cornea Bhd-tBe AEn@i ARG Fdriton BF :ﬁ?%ﬁ%%%r%%?tfﬁﬁank after a

portion of _1he peripher g Yheversalshduaitk el coposd i andothehe
exposed suFPﬁeggﬁakgebgéﬁeggiPhtedebyygalaser beam Fig. 34 is a side

el evationafjypewika peetiion trekeradiecugrer Hheerresed shElage Qfowi ng a

central portion of the exposed surface of the co n€$ bging aggﬁted by a
| aser beanthEi gorBBai end téguEERAHTHRT AV ATV Wew Bt The? “abl at ed

36 s o BbaBkeas PNAL S B 1 CoA N TEkEr (Ratan i he gentor of the'
eye and i||UStr%E5093§h%s a side elevational view in section taken
through the center of the eye showing the cornea and the
flap-like portion reattached over the exposed surface of
the cornea and the remaining portion of the universal
blank after a portion of the periphery of the universal

blank and a portion of the exposed surface have been

ablated by a laser beam;

Fig. 34 is a side elevational view in section taken
through the center of the eye showing a central portion

of the exposed surface of the cornea being ablated by a

laser beam;

Fig. 35 is a reduced front elevational view of the
ablated exposed surface of the cornea taken along lines
XXXV-XXXV in Fig. 34;

Fig. 36 is a side elevational view in section taken
through the center of the eye and illustrating the
universal blank shown in Fig. 2 position on the ablated
exposed surface of the cornea and ablation of a central
portion of the universal blank by a laser beam;

Fig. 37 is a side elevational view in section taken
through the center of the eye showing the cornea and

flap-like portion reattached over the exposed surface of



uni versal blank shown in Fig. 2 position on the ablated exposed surface of
the cornea and ablation of a central portion of the universal blank by a

| aser bea Fig. 37 is a side elevational view in section taken through
the cente 0028@711@ eye showing the cornea and flap-1ike porCrasssesss ached
over the exposed surface of WO 98/48715 PCTI US98/ 04680 - 14 the cornea and
t he remai ning portion of the universal _ +gnk as ablated by the | aser beam
as shown in Fig. 36; Fig. 38 is a side elevational viewin section taken

t hrough the center of the eye showing the cornea and the flap-Ilike portion
reattached over the exposed surface of the cornea and the remaining
portion of the universal _blank after a central portion of the universal

bl ank and &PGeMAEReHAN] DT TR BN R ehPp el e fuebversahe cornea

have been akh| I Hg 39.s a side elevatigpal viewin
secti on tak%r%%ﬁ?ﬁr%g%lt%‘gee%e gﬂ%fi&?%eelge?/eea‘%h%% Wb H i I of 367
peripheral porti erig.of3d higs Whisisad1daondl Ghidw ipPasddd PRed Lpat he

abl at ed exposed surface of the cornea; Fig. 40 is a side elevational view
in section threwgh Hhsugenter attdre ofyde ehaeyias ove npitiea caxidieshand t he
flap-1ike p%ti on .reattached over_ the exposed surface of the cornea and

remi ni ng p&rEPor 6T R R &3t OVE diieatetPesied e kR’ dkam as
shown i n Fl ghe38orkiel ohli Iche? vl By Bd:andn WL SR, aken
gh the center of the eye showi ng t'he cornea an | ap-11kKe portion
reattached blenkt hétexpesewnsuraflagomfiornt e aitenemiand dale KB M
portion of ghgeggggﬁr%@rtion of the ablated exposed surface of the
cornea have been ablated by a laser beam;

Fig 39 is a side elevational view in section taken
through the center of the eye showing ablation of
peripheral portions of the universal blank which is
positioned in the ablated exposed surface of the cornea;

Fig. 40 is a side elevational view in section taken
through the center of the eye showing the cornea and the
flap-like portion reattached over the exposed surface of
the cornea and remaining portion of the universal blank
as ablated by the laser beam as shown in Fig. 39;

Fig. 41 is a side elevational view in section taken
through the center of the eye showing the cornea and
flap-like portion reattached over the exposed surface of
the cornea and the remaining portion of the universal
blank after the periphery of the universal blank and a
portion of the ablated exposed surface of the cornea
surrounding the remaining portion of the blank have been
ablated by a laser beam;

Fig. 42 is a side elevational view in section taken

through the center of the eye showing the cornea and the



bl ank after the periphery of the universal blank and a portion of the
abl at ed exposed surface of the cornea surrounding the remaining portion of
t he bl ank have been ablated by a |aser beam Fig. 42 is a side elevational
view i n swagi9ms7isaken through the center of the eye show nge#hésfeeésgea and
the WD 98/48715 PCTI US98/ 04680 -15 flap-like portion reattached over the
exposed surface of the cornea and a remaining portion of the universal -
bl ank which has been ablated in a nonsyﬂﬁEtrLcal manner by a |aser beam
Fig. 43 is a side elevational viewin section taken through the center of
the eye showing the cornea and the flap-like portion reattached over the
exposed surface of the cornea and the remaining portion of the universal

bl ank after figporliles drtien abdat €dcRE069d rsuhbaespareéd WlirnfaickaloMl ank
have been abl ated by a |aser beamin a nonsymetrical manner; Fig. 44 is a
si de el evat itdraalcorngn i and ¥R LAKRE PPKE®QPhofh&éheemndveatsalhd

showi ng the cornea and the _f -Like portion reattached _over the exposed
surface of W%Hecqbg‘fa?‘rqé Y ?’%Jegkl?%érafﬂi %QHBBFWB‘ﬁ%ST"CFﬂeW& A 2 bl ank of
whi ch nmul tiplgdoddans have been ablated by a |aser beam Fig. 45 is a

side el evational viewin section taken through the center of the eye
showi ng the cornéaandti hiss 4 |apd¢i kkepationalr vaewadhedeordont takexposed

surface of the cqornea and the r€n3$nin portion of the universal _blank
after nulti pife Pt iois iRt bl HPed=por FroH1BF the cornea and the

flap-like portion reattached over the exposed surface of
the cornea and the remaining portion of the universal
blank after a portion of the ablated exposed surface and
universal blank have been ablated by a laser beam in a
nonsymmetrical manner;

Fig. 44 is a side elevational view in section taken
through the center of the eye showing the cornea and the
flap-like portion reattached over the exposed surface of
the cornea and the remaining portion of the universal
blank of which multiple portions have been ablated by a
laser beam;

Fig. 45 is a side elevational view in section taken
through the center of the eye showing the cornea and the
flap-like portion reattached over the exposed surface of
the cornea and the remaining portion of the universal
blank after multiple portions of the ablated portion of
the exposed surface and multiple portions of the
universal blank have been ablated\by a laser beam;

Fig. 46 is a perspective view of another embodiment
of a universal blank according to the present invention;

Fig. 47 is a front view of the embodiment shown in

Fig. 46;



t he exposed surface and nmultiple portions of the universal blank have been
abl ated by a |laser beam Fig. 46 is a perspective view of another

enbodi ment of a universal blank according to the present invention; Fig.
47 is a fYOM/41Ew of the enbodi nent shown in Fig. 46; WOresABTdksso

PCT/ US98/ 04680 - 16 Fig. 48 is a bottomview of the enbodi nent shown in
Fig. 46 as taken along lines XLVIII-XLVI#; in Fig. 47, Fig. 49 is a side-
el evational view in section taken through the .center of the eye show ng

abl ati on of the exposed surface of the cornea by a | aser beamto

different depths; Fig. 50 is a reduced front view of the cornea as taken
along lines 50-50 in Fig. 49; Fig. 51-is a side elevational view in section
taken through t FadcerdtBerisofa et teye wivmiafy the embodisaht bshokn in

illustrated_in Fi%. 46 p sitiqggd n the e§Posed surface of the cornea
after the eXpdsed®s@cr &CEMaS R, LImeg SPVL SN T niki 5194947k g. 52 is

a side el evationglhgyi gy i SN didkelts d UL e, CEILel oY LRe eye
showi ng the cornea™and the flap-like portion reattached over tﬁe €xposed
surface of thheugbr tka aetticre afemtienieyg padwiary afbldweiomiversak bl ank
illustrated in Fig. 46 as ablated by the | aser beam as shown in Fig. 51;
Fig. 53 is 8*BPEEdePEVARCENSE Fhewdornesctivorr tldear heamueh the center of
t he eye sho&&gge;?ﬁtcggggﬁsand the flap-like portion reattached over the
exposed surface o '

Fig. 50 is a reduced front view of the cornea as

taken along lines 50-50 in Fig. 49;

Fig. 51 is a side elevational view in section taken
through the center of the eye showing the universal blank
illustrated in Fig. 46 positioned on the exposed surface
of the cornea after the exposed surface has been ablated
as shown in Fig. 49;

Fig. 52 is a side elevational view in section taken
through the center of the eye showing the cornea and the
flap-like portion reattached over the exposed surface of
the cornea and the remaining portion of the universal
blank illustrated in Fig. 46 as ablated by the laser beam
as shown in Fig. 51;

Fig. 53 is a side elevational view in section taken
through the center of the eye showing the cornea and the
flap-like portion reattached over the exposed surface of
the cornea and the remaining portion of the universal
blank shown in Fig. 46 after a central portion of the
universal blank and a central portion of the ablated
exposed surface of the cornea have been ablated by a

laser beam;



the cornea and the remaining portion of the universal blank shown in Fig.
46 after a central portion of the wuniversal blank and a central portion of
the abl ated exposed surface of the cornea have been ablated by a | aser

beam WOwaBigidfiss PCT/ US98/ 04680 -17 Fig. 54 is a side el gaplkaanabsovi €W in
section taken through the center of the eye showi ng the cornea andithe

flap-like portion reattached over the exposed surface of the cornea and _
the remaining portion of the universal - Bl-ank shown in Fig. 46 whose

peri phery has been ablated by a |aser beam Fig. 55 is a side elevational

view in section taken through the center of the eye show ng the cornea and
the flap-like portion reattached over the exposed surface of the cornea

and the remaini ng; gor thoRs0h Lhaeldiatdlondll afledf {€rsdc sl | ©akeh the
peri phery of the universal blank and a portion of the abl ated exposed
surface suthsongdhngheheentrmi pifngheoeyicosgiwinge tleantotre® amdnthabl at ed
by a | aser beam _Fi 6 is a side elevational viewin sectio takeg

Fig. 5
t hrough t heftBRr &ik8f PPRE LY rERSNATTChEVES fdiE P FYHRFT KR por ti on

ttached y t.he. ini
o ached gt b Ao gt Wi Wk e e

the |aser peanki sBhawAON&Y FHBL r ucalwhden@ierifdieryp hds esh GtbEieyat i onal
view in section taken through the center of the eye show ng the cornea and
the flap-IPReapbasesnbeartt ached over the exposed surface of

Fig. 55 is a side elevational view in section taken
through the center of the eye showing the cornea and the
flap-like portion reattached over the exposed surface of
the cornea and the remaining portion of the universal
blank after a portion of the periphery of the universal
blank and a portion of the ablated exposed surface
surrounding the remaining portion of the blank have been
ablated by a laser beam;

Fig. 56 is a side elevational view in section taken
through the center of the eye showing the cornea and the
flap-like portion reattached over the exposed surface of
the cornea and the remaining portion of the universal
blank shown in Fig. 46 which has been ablated by the
laser beam in a nonsymmetrical manner;

Fig. 57 is a side elevational view in section taken
through the center of the eye showing the cornea and the
flap-like portion reattached over the expoéed surface of
the cornea and the remaining portion of the universal -
blank shown in Fig. 46 after a portion of the universal
blank and a portion of the ablated exposed surface have
been ablated by the laser beam in a nonsymmetrical

fashion;



the cornea and the remaining portion of the universal blank shown in Fig.
46 after a portion of the universal blank and a portion of the abl ated
exposed surface have been ablated by the | aser beamin a nonsymetri cal
fashi on; YO 938848715 PCT/ US98/ 04680 -18 Fig. 58 is a si de pelrasesiodeal Vi ew
in section taken through the center of the eye showing the cornea and the
flap-like portion reattached over the expgsed surface of the cornea and -
the remai ning portion of the universal "bl'ank .shown in Fig. 46 of which
mul tiple portions have been by a |laser beam and Fig. 59 is a side

el evational view in section taken through the center of the eye show ng
the cornea and the flap-like portion reattached over the exposed surface
of the cornea an8igheSBedsi A ®gdeoetlieyatgfortale irgw eins sgectbi amktskenn i n

Fig. 46 aft | t]pl ti f th i al bl ank d I tipl
plo?t i onsaof e%ﬂggggk’gf:g‘ﬁp%r&?;gggﬁ%s L?ﬁ’?agc‘?é’%nma%g“%g% t&laﬂnaﬁ‘g’g“%ﬁ/w?%‘lép?g§er
beam DETAI LED, DESCRLPTLEN: OF Tk cRREHRER EVRHY MM e £ éhréaé% si de

el evational view in section taken through the center of an eye 1 ich
i ncl udes a cbhaeaorh2a anguphe rémaridimg grertlin IIf thhee aoiinesrd®] and | ens

16 do not cooperatively focus |i %ht correctly on the retina (not shown) of
the eye to tRHZ1Pr SPPYR ABefigte26viodi sihichhavdidpdiumeiiate k¥Yeea can

be nodified Lo, cRLrgct jthe patractiye power of the cornea and thus
correct the rra&rzlrﬁergli n \Aﬁ%cﬁ t%e i g t\éis focused with respect to the

retina. Fig. 59 is a side elevational view in section taken
phrough the center of the eye showing the cornea and the
flap-like portidn reattached over the exposed surface of
the cornea and the remaining portion of the universal
blank shown in Fig. 46 after multiple portions of the
universal blank and multiple portions of the ablated

exposed surface have been ablated by the laser beam.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 is a side elevational view in section taken
through the center of an eye 10 which includes a cornea
12, a pupil 14 and a lens 16. If the cornea 12 and lens
16 do not cooperatively focus light correctly on the
retina (not shown) of the eye to thus provide adequate
vision, the curvature of the cornea can be modified to
correct the refractive power of the cornea and thus
correct the manner in which the light is focused with
respect to the retina.

A universal blank 18 according to an embodiment of
the present invention is illustrated in Figs. 2-4. As

shown, the universal blank according to this embodiment



A universal blank 18 according to an enbodi nent of the present invention
is illustrated in Figs. 2-4. As shown, the universal blank according to
this enbodi ment WO 98/ 48715 PCTI US98/ 04680 - 19 is disk-shaped and has a
uni form oVOS8M&Antial ly uniform thickness throughout, asPOTYRBPHS8RA
specifically in Fig. 3. Specifically, the blank 18 has. a first planar or
substantially planar surface 15, a secondqgplanar or substantially planar ~
surface 17, and a periphery 19. The surfaces 15 and 17 are arranged
paral l el or substantially parallel to each other with the periphery 19

bei ng perpendi cular or substantially perpendicular to one or both
surfaces 15 and 17. O course, the surfaces 15 and 17 and the periphery 19
need not be imidiskn shapedusnd hagsear vndform, opr substiagtsially seril ¥R ons,
or any variatjon in shape d texture,,Preferahl t he.. uniwversal_bl ank 18
has a di anetté?l‘?ﬂ?n%%%u{]l‘ﬁo‘tl%ﬂ%‘%utaﬁ 1W§ﬁ5a§e h%?l?ﬁé%sl coafrht}’etlv\réeFr‘\l%bout
20 to about 500 1 C S e, gi tgr faRd e MHigdagsoof the

di sk- shaped 33’ni vséé%s%{gg?%%g'wmgéanﬁtljgﬁgf 1gn§g§r gctfiqcal tiisi ze as woul d be
appr eci at ed dyponentskalledplansahesarfaceFubt, her secend lpdamdwersal bl ank
need not be di sk-shaped. although it is preferred as shown in the

enbodi nent cfubshaprtially BLRNRANSBELRFEsLd- cBRACA PedvRle3qukte, The

1, A6 g, PO Sl p Sl et e

skilled in th rs‘pre e of synthetic nmterial,
organi c mat gd@l1181 €oCceabhnathen withothe pyrtipeieirs arsd waigani c material,

that permts all or
perpendicular or substantially perpendicular to one or
both surfaces 15 and 17. Of course, the surfaces 15 and
17 and the periphery 19 need not be uniform but could
have recesses, projections, raised portions, or any
variation in shape and texture. Preferably, the
universal blank 18 has a diameter of about 4 to about 9
mm and a thickness of between about 20 to about 500
microns. Of course, the diameter and thickness of the
disk-shaped universal blank 18 can be of any practical
size as would be appreciated by one skilled in the art.
Furthermore, the universal blank need not be disk-shaped
although it is preferred as shown in the embodiment of
Figs. 2-4, but can be frusto-conical, oval, square,
rectangle, or any practical shape as would be readily
appreciated by one skilled in the art.

The blank 18 is preferably made of synthetic
material, 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



substantially all light having a wavel ength in the visible spectrumto
pass through, but absorbs all or substantially all |ight having a

wavel ength in a | aser WD 98/48715 PCTI US98/ 04680 -20 |ight spectrum For.
exanpl e, WRIMBEAHK 18 can be made of collagen, copol ymer CcRET/ESES804680

pol yet hyl ene oxi de or hydrogel, or cross-linked organic material such as
col I agen, hyal uronic acid, nucopol ysacch&0i-de or gl ycoprotein, to nane a-~
few The blank 18 is porous to allow oxygen and nutrients to pass

t heret hrough. Also, the blank 18 can be nmade from a donor cornea of a
human eye, or can be taken froma cultured cornea. However, the blank 18

i's not ”'ﬁtf¥b$9 b Qéérﬂﬁterbéksexaﬂﬁl%anthgebﬁ%ﬁﬁ afs 2y Y (B of
material, such as those disclosed in U S Patent No. 4,994,058 to Raven et

al., U S Patehtagdlo, dopdBy#é8 tollagsper ppigetUyFentabarideNar 5, 336, 261
to Barrett et al., US. Patent No. 4,840,175 to Peynman, and a publication
by Jose |. BaFERMRt; RFCOFresfrifBled REFANIF MPESTd adn§Ukdy &Sophaki a in

the surol ol coLags! 0, ok Aobakily Recdbsalasiss Qich are her ety

. . (@]
i ncor porate erein. IS con |gure5‘to be pl aced

directly on gBfcexpos€dn| noernsref aceeaf tiraecenaas afs tike pRy¥@ud o order
to expose this inner surface of the cornea of the eye, a thin layer of the
| i ve cornea akew bexyeemvadd Metrienbsetphpabgyshegkthrougbr.nedls®,

procedure is_performed _in ich, for exang! ,an incision 20 is made in
the front pﬁﬁ%l?ﬁ%ﬁ%é}%ec%%r ga"2dg ShBhn |ﬁ°EP§.C§?n?ﬁ|§f End&8RSh 20 i s
made SO as 1SN aben 1 he NcLRYE! F28mOG cultured cornea. However,

the blank 18 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.

The blank 18 is configured to be placed directly on
an exposed inner surface of the cornea of the eye. 1In
order to expose this inner surface of the cornea of the
eye, a thin layer of the live cornea must be removed. To
remove the layer of the cornea, a procedure is performed
in which, for example, an incision 20 is made in the
front portion of the cornea, as shown in Fig. 5. This
incision 20 is made so as to separate thin layer 22 of
the cornea from the remaining portion of the cornea 12.
The incision can be made with a scalpel, keratome,

excimer laser, or any type of surgical cutting instrument



the cornea fromthe remaining portion of the cornea 12. The incision can
be made with a scal pel, keratonme, exciner |aser, or any type of surgical
cutting instrunent WO 98/48715 PCT/ US98/ 04680 -21 known to one skilled in
the art. WREBHENI&Er 22 can also be separated fromthe surf @crnadesiokesol i ve
cornea by any other nethod which may not involve making an actual incision
in the cornea as may be appreciated one skilled in the art. The |ayer -
22 of the cornea can be conmpletely T€nbved fromthe remaining portion of
the cornea 12. However, as shown in Figs. 5 and 6, it is preferable that
the layer 22 of the cornea remain attached to the main portion of the
live cornea 12 by an attaching or hinging portion 24. Accordingly, as
shown i knéwg. t3, ohke skdjded?Amoft Hehartcor Metee | kayer ned eanaafllsap-| i ke | ayer
that is pivotallz noveabl e about the attaching portion 24 to expose an

i nner shefgepazstef fremcbhfeSurfinee Sfert® iR cePryeacky Ba&Yof any

practicg%h%giﬁégﬁéé,r gEheﬁgggkﬁFegﬁ}%#?é”égﬁin hgnu%%ger al blank 18 is

. ’*la .
t hen us cur e corneaint o'l ow ng manner.

As showintfskbgsin8taBdcBrnkle ald afry idee dppnic Y2 é8 bPoshki oned so as to
expose the inner surface 26 of the cornea. The blank 18 is then positioned
on the skpdied ipukhgcersf the cornea at a position deemed suitable by the

E?rson perfo&ginﬂ ;he ﬁgrgga | di%yiggbtechngue}n T%gigall . 2S shown in
g. 10, the BfanRY$8 o&PFi GREFFe Y aINS ™RUDSEAK: FEMPYSCentral Iy
on the from the remaining portion of the cornea 12. However, as

shown in Figs. 5 and 6, it is preferable that the layer

22 of the cornea remain attached to the main portion of

the live cornea 12 by an attaching or hinging portion 24.

Accordingly, as shown in Fig. 7, the layer 22 of the

cornea is formed as a flap-like layer that is pivotally

moveable about the attaching portion 24 to expose an

inner surface 26 of the cornea. The layer 22 typically

can be of any practical thickness, for example, 160

microns.

The universal blank 18 is then used to modify the
curvature of the cornea in the following manner.

As shown in Figs. 8 and 9, the flap-like layer 22 is
positioned so as to expose the inner surface 26 of the
cornea. The blank 18 is then positioned on the exposed
surface of the cornea at a position deemed suitable by
the person performing the cornea modifying technique.
Typically, as shown in Fig. 10, the blank 18 is
positioned centrally or substantially centrally on the
exposed surface 26 with the central longitudinal axis of
the blank substantially coincident with the central

optical axis of the eye. of course, the blank 18 need



exposed surface 26 wth the central |ongitudinal axis of the blank
substantially coincident with the central optical axis .of the eye. O
course, the blank 18 need WO 98/48715 PCT/ US98/ 04680 -22 not be positioned
central | YW834%dS5exposed surface 26 as shown, but rather, PCT8/So8/pteRa

| ongi tudi nal axis can be offset fromthe central optical axis of the eye.
Once positioned on the exposed surface 2? of the <cornea 12, the shape of -
t he universal blank can be nodified suf %bienily to influence the shape of

the flap- like layer 22 and to thus change the refractive power of the
flap-like layer sufficiently to correct the abnormality of the eye 10.
Cenerally, every 10 mcron <change in curvature of the cornea will change

the refrachbvebpowesitficdned cantam by lonitdpt eexpdeedesganphes 2§ adhown in
Figs. 11-14, a laser beamL 1is directed to the, fi pper surface 15 of

st
the bl ank 18hoVRat bp& FgsdsTe U tq?é‘%reac]orﬁoori‘%’v%‘f‘s%? at¥r§7°8F PRe bl ank
18 that is %EPQQU ?Qgﬂxntth'ée 2xXhqsgd {aee 26 foft@gec%gga 12. The | aser
e e 0 I

beam L can emt fromany type aser 27 typica used in eye
surgery net hods, ongecChosd tdmnext ictert Heasetpase drsihfaté kee asf deseri bed in
U S. Patent No. 4,840,175. As shown in Fig. 12, the laser beamL wll begin
to abl ate epreeadé2antireghzapeiof fhoplwhkerssab hhielh ¢d@ Paser beamis

e St S R R AL S

abnormal i ty; { kemuhkehobhangyed sl f@ddk the refractive power of
the flap-like layer sufficiently to correct the
abnormality of the eye 10. Generally, every 10 micron
change in curvature of the cornea will change the
refractive power of the cornea by 1 diopter.

For example, as shown in Figs. 11-14, a laser beam L
is directed to the first upper surface 15 of the blank 18
that is opposite to the second lower surface 17 of the
blank 18 that is supported on the exposed surface 26 of
the cornea 12. The laser beam L can be emitted from any
type of laser 27 typically used in eye surgery methods,
such as an excimer laser 27 or the like as described in
U.S. Patent No. 4,840,175.

As shown in Fig. 12, the laser beam L will begin to
ablate or erode an area 32 of the blank 18 to which the
laser beam is directed. Again, the area of the blank 18
to which the laser beam L is directed and which is
ablated is selected to remedy a specific type of
abnormality from which the eye is suffering.

For example, if the blank is being used to correct a
hyperopic or hypermetropic condition, the laser beam L

will be directed toward a central area 32 of the blank 18



For exanple, if the blank is being used to correct a hyperopic or
hypernmetropi ¢ condition, the laser beamL w1l be directed toward a
central area 32 of the blank 18 WD 98/48715 PCTf US98/ 04680 -23 so as to
abl ate t MO B&§T%al area 32. As shown in Fig. 13, for exanpFEUSYM6) ank
18 is di sk-shaped, and the area 32 that is ablated is circular in top plan
viewand is at least initially in the fggmof a substantially heni spheric
recess. O course, the shape of the abl aied area can be any desired shape
necessary to effect correction of the particular abnorrmality of the eye.
As stated previously, the blank 18 is nmade of a material that will absorb

all or substantially all [ight having a wavelength within the |aser |ight
spectrum THrerad dre,alkrte t‘Fﬂéa‘F a@%ﬁtﬁé&nﬁEeﬁs 32r-r adiSatBPBht B thEd - bl ank
18, none or sub antlall none. | age S r h the

bl ank 18 to &b }?10% % ggrnea%%%lk E%EJ§%? %E%Qa g

previously %{raé diz ttﬂ?at n?é e&bﬁét@a tBechkank al8 i ldoplp lam &He@l’and

substanti al | | 1 ght having a wavel ength within the visible |ight
spectrun1toJpass:trmnsnkmmm@halkfnce the §DGqufnaFﬁ@bSP$n¢iﬁﬂlﬁser beam L

can be directed to the blank 18 until the ab ate centpf. are econes
a hol e wit h ke SRRYELHi T&FC R | i ERUpEE<ed S 'S g%’} | ank

18 to exposezéﬁéxgéﬁcgg 34, fdeé??eéuéﬁéﬁé g@cggsgﬂg,qggrgﬁf course,

t he hol e can ave a cylindrically or substantially cyllndrlcally shaped
wal |, or anycdhest shapef ashaopd dt beularmatinbyntaic tyt asertreasye. As shown

in Fig. 14,. none or essentially )

As stated previously, the blank 18 is made of a
material that will absorb all or substantially all light
having a wavelength within the laser light spectrum.
Therefore, when the laser beam L is irradiated onto the
blank 18, none or substantially none of the laser beam
will pass through the blank 18 to ablate any portion of
the cornea 12. However, as also previously stated, the
material of the blank 18 will allow all or substantially
all light having a wavelength within the visible light
spectrum to pass therethrough.

Hence, as shown in Fig. 14, the laser beam L can be
directed to the blank 18 until the ablated central area
32.becomes a hole with a frustoconical wall which passes
entirely through the blank 18 to expose a portion 34 of
the surface 26 of the cornea 12. Of course, the hole can
have a cylindrically or substantially cylindrically
shaped wall, or any other shape as would be formed by the
laser beam L. As shown in Fig. 14, none or essentially

none of the surface 26 of the cornea has been ablated by

the laser beam.



none of the surface 26 of the cornea has been ablated by the |aser beam
WO 98/ 48715 PCT/ US98/ 04680 - 24 After the | aser ablation process has been
conpleted, the flap-like layer 22 of the cornea is repositioned over the
remai ni ng¥P8##878%h of the blank 18 and the surface 26 of t RETRISHS@MB0L2 as
shown, for exanmple, in Fig. 15. As illustrated, the shape of the renaining
portion of the blank 18 will influence the shape of the flap-like |ayer -
22 when the flap-like layer is repositioﬁéd over the renmining portion of
the blank 18 and surface 26 of the cornea 12. Hence, the refractive power
of this flap-like Ilayer 22 will be changed due to this change in shape.
The flap-like |ayer 22 can be reattached to the cornea 12 by any known
techni ques such aFtas Whaglfset heblakeéon Beoaese hhe beker icaimpdfetides, bl ank
18 is transparent or essentially transparent to |ight having a wavel ength

wi thin the whe filan-ilghte shre¥ ud? 9F skBPeCPIERE Wel FePREIS ImesLftY Sthe
NG o2t anilSy A AR, BB nErbfhek NG el 2l AL BppauSe

t he reshape as a eren etrracti ve power, e

flap- like l3y@he?Zd¥da relrastshbenl i 6Bt paampne,t her etigrough as
differently than prior to the reshaping. Therefore, in cooperation wth
the | ens 16 i(SeestRiag.ed) ,thdishapshapethe| agmaindng portaecns athdhs ght in

t he appropriate manner,_on the retin t hus correcting.the_anetropic
condiFPonpoplaPﬁélé&@Pﬁ¥ %%EiYﬁ?ﬂ%rghﬁtﬁﬁaPﬁantﬁbe g&@?'&?kﬁa&4§?ﬁwed to

reduce the guerdldy tHELKARSS- PIkd heaPbanks18epbktibBed over the

remaining portion of the blank 18 and surface 26 of the
"cornea 12. Hence, the refractive power of this flap-like
layer 22 will be changed due to this change in shape.
The flap-like layer 22 can be reattached to the cornea 12
by any known techniques such as suturing or the like.

Because the material of the blank 18 is transparent
or essentially transparent to light having a wavelength
within the visible light spectrum, visible light will
pass through the remaining portion to the blank 18 and
enter the eye 12. However, because the reshaped flap-
like layer 22 has a different refractive power, the flap-
like layer 22 will refract the light passing therethrough
differently than prior to the reshaping. Therefore, in
cooperation with the lens 16 (see Fig. 1), this reshaped
layer 22 will focus the light in the appropriate manner
on the retina, thus correcting the ametropic condition of
the eye.

It is further noted that the laser 27 can be used to
reduce the overall thickness of the blank 18 prior to
shaping the blank. For instance, the blank 18 can

initially be about 500 microns thick for ease of



shapi ng the bl ank. For instance, the blank 18 can initially be about 500
m crons thick for ease of WO 98/48715 PCTI US98/ 04680 - 25 handling. Then
once the blank 18 is positioned on the exposed inner surface of the cornea
in the nmagpesssdescri bed above, the inner beam L can be di rieteshsiogssohe
upper surface 15 of the blank so as to reduce the overall thickness of the
bl ank 18 as desired. Hence, a 500 mcron thick blank can be reduced, for ~
exanple, to about 100 microns or any supgabl e thickness by the | aser beam
L before the laser beamL is used to sculpt the blank 18 to a particular
shape as shown, for exanple, in Figs. 11-15. Additionally, based on the
severity of the abnormality fromwhich the eye is suffering, it may be

S o e PR "L SRR B8 hSPABRETBES e

ext ensi vel y. nt,’” as shown in aser beam L can be

irradiated QQ%BSEBei%'h%% s3% ofcd her biakedBneat ih the asaae?2 of the bl ank
18 is conpletely ablated by the | aser beam and becones a hole that passes

entirely thdeaghibkd blbave,18heAfirerevarkeamt hechaskbe Béxpckeds ted itdst ed

onto the exposed portion of the surface 26 of the cornea as _to late a
portion 36 UBPeTh&UrLGceade. UcddtittAR< a2 3fiokhR FﬁdEFS.%%?,Qwﬁgﬁaghe

flap-1ike Lﬁxgknla%ff %&Wr{g yiedhoves é@f%ééﬂ@gai. NguBAEEL! 08 8ot he bl ank

18 and the surtace 26 of the cornea 12, e ablated portion 36 of the
surface. ofnibBecaothdak2®lerId s e i rdduweade fhe ekapplef theabout
repositioned flap-like layer 22. By using this technique, it is not
necessary thap microns or any suitable thickness by the laser beam L
before the laser beam L is used to sculpt the blank 18 to
a particular shape as shown, for example, in Figs. 11-15.

Additionally, based on the severity of the
abnormality from which the eye is suffering, it may be
determined that the surface of the cornea must be
reshaped more extensively. 1In this event, as shown in
Fig. 16, the laser beam L can be irradiated onto the area
32 of the blank 18 until the area 32 of the blank 18 is
completely ablated by the laser beam and becomes a hole
that passes entirely through the blank 18. Afterward,
the laser beam L is directed onto the exposed portion of
the surface 26 of the cornea so as to ablate a portion 36
of that surface.

Accordingly, as shown in Fig. 17, when the flap-like
layer is repositioned over the remaining portion of the
blank 18 and the surface 26 of the cornea 12, the ablated
portion 36 of the surface of the cornea 26 will also
influence the shape of the repositioned flap-like layer

22. By using this technique, it is not necessary that

the thickness of the blank 18 be changed in order to



the thickness of the blank 18 be changed in order to WD 98/48715
PCTI US98/ 04680 -26 provide a nore substantial change in the shape of the
flap-like layer 22. Alternatively, if the blank 18 is being used to

correct ayBigglsff¥opi a condition, the laser beamL can be QihRfsbEsl (pward
the outer perineter of the blank as shown, for exanple, in Fﬁfgss. fg-21. As

di scussed above, the blank 18 is nade of a material which will absorb alt
or substantially all of the |aser beam _pgerefore, as shown in Fig. 19
specifically, the blank 18 will be ablated by the |aser beam but none or
substantially none of the surface 26 of the cornea 12 bel ow t he abl ated
area 38 of the blank will be ablated. The | aser beam L can be irradi ated

onto the ablated _area 38 of the blank 18 until, tkl%t ar ea 381_4'85 abl at ed
down to the RERYIRR 26mg¥et RUPEERREA2SNCHAPER tRe Hh%FPaPRs 9% 50si ti oned,

and the renmgin t4 foblank 18 thus has a frustoconical shape. O
oA DR 180 2,

course, the e shaped in any manner by the | aser beam L. As
shown in Fig. 22attherhhepveike @yene?2Blaskt hen isr ¢pdsid iveeell taver the
remai ning portion of the blank 18 so that the_ renuining portion of the
bl ank 18 i nf¢emrees athégBhapersa Fﬁédﬁ§9@§irtﬁ:@ﬁedafsleé‘p%ei%ll ey b

Since the rTC?I erial .of the bgﬁnkol is._trans arente %rhb %l.j1bstanti ally

f
transparent T35 ght hAUPRG S GaVBFERGPRITAC the Vi Si Fnt*spect rum

visible i ghdhWink| PESSexhlipRughihheigenangi-ng .ponls alseiudded ivvve ,18.

However, Dbecause the reshaped flap-like layer 22 has a different
the blank 18 is made of a material which will absorb all
or substantially all of the laser beam. Therefore, as
shown in Fig. 19 specifically, the blank 18 will be
ablated by the laser beam, but none or substantially none
of the surface 26 of the cornea 12 below the ablated area
38 of the blank will be ablated.

The laser beam L can be irradiated onto the ablated
area 38 of the blank 18 until that area 38 is ablated
down to the surface 26 of the cornea on which the blank
18 is positioned, and the remaining portion of blank 18
thus has a frustoconical shape. Of course, the blank 18
can be shaped in any manner by the laser beam L. As
shown in Fig. 22, the flap-like layer 22 is then
repositioned over the remaining portion of the blank 18
so that the remaining portion of the blank 18 influences
the shape of the repositioned flap-like layer 22. Since
the material of the blank 18 is transparent or
substantially transparent to light having a wavelength in
the visible light spectrum, visible light will pass
through the remaining portion of the blank 18. However,

because the reshaped flap-like layer 22 has a different

refractive power, the flap-like layer 22 will refract the



refractive power, the flap-like layer 22 will refract the WO 98/48715

PCT/ US98/ 04680 -27 light passing therethrough differently than prior to
the reshaping. Therefore, in cooperation with the lens 16 (see Fig. 1),
this resh&g&ﬁ layer 22 will focus the light in the appropriate manner on
the retina, #6d5correct | ng the anetropic condition of them@ygsoshhssg nore
substantial nodification of the shape of the cornea is_necessary to
correct a nore severe anetropic conditign, the |laser beam L can be
directed onto the surface 26 of the cofdéa 12 in order to ablate a
portion 40 of that surface 26 as shown, for exanmple, in Fig. 23. As shown
in Fig. 24, when the flap-like layer is repositioned over the remaining
portion of the blank 18 and the surface 26 of the cornea 12, the abl ated
portion 40 éfighte passize tHeemithraigh dhffeesnelyhehashare 2f dde

h
reposi tioned f%ggzlike bﬁyer 22.  Accordingly, the thickness of thee%lank
18 need not *6EMPHAFasddISHEIRRr 1B FPePeEdEionewdblr thet dewsi a6 t he

flap-1ike | i S nes - Hi opic conditions_ up to 35 _diopter

can be corrgéggd%%§tuéﬂﬁgh?ﬂﬁg:r%%égh§%ugéy%£ %?sﬂbgieﬁoﬁHﬁvépeaﬂ99@6rtion

or portionsinfthbeap@nmﬁriﬂidHMhdﬁéﬁﬂ&ﬁﬂ@ﬁbtfb@iﬂggrﬁﬁu9688§§§5¥iho
e, OV

correct the ametropic condition of the eye. For exanp as’'s Pn Fi gs.

25 and 26, the pRSEropdgmaongdt ism aff rges esly¢ oward a central area 32 of
e blank 18 to ablate inner and

the blank 18 and;-als oward the 38 of t
outer areas 32 ahd §8%° S §ﬁ§ﬂ¥34F¥3%ym Eifpemeef the shape of

the cornea is necessary to correct a more severe

ametropic condition, the laser beam L can be directed
onto the surface 26 of the cornea 12 in order to ablate a
portion 40 of that surface 26 as shown, for example, in
Fig. 23. As shown in Fig. 24, when the flap-like layer
is repositioned over the remaining portion of the blank
18 and the surface 26 of the cornea 12, the ablated
portion 40 of the surface 26 will also influence the
shape of the repositioned flap-like layer 22.
Accordingly, the thickness of the blank 18 need not be
increased in order to increase the degree to which the
flap-like layer 22 is reshaped. High myopic conditions
up to 35 diopter can be corrected by using this
technique.

As discussed above, any portion or portions of the
blank 18 can be ablated to a degree necessary to correct
the ametropic condition of the eye. For example, as
shown in Figs. 25 and 26, the laser beam L can be
directed toward a central area 32 of the blank 18 and
also toward the 38 of the blank 18 to ablate inner and
outer areas 32 and 38. As shown in Fig. 27, when the

flap-like layer 22 is repositioned over the surface 26 of



flap-like layer 22 is repositioned over the surface 26 of WO 98/48715

PCT/ US98/ 04680 - 28 the cornea and the renmaining portion of the blank 18,
the remaining portion of the blank 18 will influence the shape of the
flap-1i kewlPokhfg7is2- As further shown in Fig. 28, any portion or amount of
t he expose ?ace of the cornea 26 can be abl ated as welﬁCT"b%S/Pﬁﬁg as a
sufficient anmount (e.g., 200 mcrons) of cornea is |left remaining so that
the renmaining cornea does not experiencgginstability or outbul ging
(eklasia). As illustrated, the |aser beamL can be directed toward the
surface 26 of the cornea underneath the ablated portions 32 and 38 of the
bl ank 18 to ablate those portions 36 and 40 of the surface 26 of the
cornea 12. Accordingly, as shown in Fig. 29, the remaining portion of the
bl ank 18 an&beh&oFmen &ndhdrie oFRMaEN Y ROrbionnhef thefhéanke18f the

Tap- 1 ke | aparSg i Beolh RO bt Lo Nidh - FroTHSherchBST t he bl ank

flap-like | ayer rep05|t|on over

18 and surEagpeZ@ﬂﬂtHdufxaﬁxmikeA@ayéfU§irated in Fig. 30, the | aser beam
L can be directed onto the blank 18 to ablate the blank in a

nonsymmet ri cal n&ﬁnémrtﬂﬂm;SﬁqnncﬁnShayln@BDfamMepbrankn a8 amOUﬁuaIIy

done to corr?cghan ast i tlgg%%ndlqécgh t he e% . For exang t he bl ank

can be scul te Foeﬁﬁ? 751 T \CHERTR pher FRAI Pehabtateded®l i ng

one-hal f of wanieg@sasdad A N&dfe d o tabnal axig szoéhﬁ &6n jn other
ape

words, the blank 18 can assume a substantially henlspherlca havi ng
a varying of cornea is left remaining so that the remaining cornea

does not experience instability or outbulging (eklasia).
As illustrated, the laser beam L can be directed toward
the surface 26 of the cornea underneath the ablated
portions 32 and 38 of the blank 18 to ablate those
portions 36 and 40 of the surface 26 of the cornea 12.
Accordingly, as shown in Fig. 29, the remaining portion
Qf the blank 18 and the ablated portions 36 and 40 of the
surface 26 of the cornea 12 will influence the shape of
the flap-like layer 22 when the flap-like layer 22 is
repositioned over the remaining portion of the blank 18
and surface 26 of the cornea.

As illustrated in Fig. 30, the laser beam L can be
directed onto the blank 18 to ablate the blank in a
nonsymmetrical manner. This type of shaping of the blank
18 is usually done to correct an astigmatic condition of
the eye. For example, the blank can be sculpted to
assume a substantially hemispherical shape resembling
one-half of an egg as cut along the longitudinal axis of
the egg. In other words, the blank 18 can assume a
substantially hemispherical shape having a varying

radius. As can be appreciated from Fig. 31, only a



radius. As can be appreciated fromFi g. 31, only a WD 98/48715 :
PCTI US98/ 04680 - 29 portion 42 of the right-side periphery of the blank 1
is ablated. Accordingly, as shown in Fig. 32, the remaining portion of
the blank 18 will influence the shape of the flap-like |layer 22 when the
flap-1ikevPaye§7122 is repositioned over the remaining por pc@usododdsP! ank
18 and surface of the cornea 26. As shown in Fig. 33, any portion or
anount of the exposed surface of the cornea 26 can be ablated in a -
nonsymetrical manner as well, as long-a9-a sufficient anmount of cornea
(e.g., about 200 mcrons) is left remaining so that the renai ning cornea
does not experience instability or outbulging (eklasia). In this event,
the |l aser beamL is directed onto the portion of the disk 18 to be

abl ated, ambafiseh 4pabepPerbi Ssihge , Sehel.asar Lis-
directed 02?% the surface OfP?%gécg%§2a8329 g%o Pﬁe%aeigﬁéﬁggg% i'Oh of
the bl ank dbilatedinneicsondinglyp ahashdeacihbrdg.fer,exawplmaiMidy r egar d
to Fig 16 until a portion 44 of the surface. 26 is ablated. Then, as shown
in Fig. 33PYMM HE IR Plagkr1dowilly tpbinensredheyshapee afertdiai ng

portion of qthe Jhl,ank t u c _of. the_corn so that the
renai ni ng 63?&?5%13 %%i%%?%%?mﬁﬁéa%%gtﬁ%géb?é¥%dEBXFfig% %4 of the
surface 26 refpddie inigaoder W hé ahhueDsg pberishape af phihexf hap-ddke
| ayer 22. Fig. 34 shows anot her enbodi nrent of the method for wusing a

uni ver sal ISusflacs of dilty eormere PFesent invention. As illustrated, after

the flap-like l?%?%ﬁ%%n in Fig. 33, any portion or amount of the

exposed surface of the cornea 26 can be ablated in a
nonsymmetrical manner as well, as long as a sufficient
amount of cornea (e.g., about 200 microns) is left
remaining so that the remaining cornea does not
experience instability or outbulging (eklasia). In this
event, the laser beam L is directed onto the portion of
the disk 18 to be ablated, and after that portion has
been ablated, the laser beam L is directed onto the
surface of the cornea 26 below the ablated portion of the
blank in a manner similar to that described, for example,
with regard to Fig 16 until a portion 44 of the surface
26 is ablated. Then, as shown in Fig. 33, the flap-like
layer 22 is repositioned over the remaining portion of
the blank 18 and the surface 26 of the cornea so that the
remaining portion of the blank 18 and the ablated portion
44 of the surface 26 of the cornea 12 will influence the
shape of the flap-like layer 22.

Fig. 34 shows another embodiment of the method for
using a universal blank according to the present
invention. As illustrated, after the flap-like layer 22

has been positioned as shown in Fig. 7 to expose the



has been positioned as shown in Fig. 7 to expose the WD 98/48715

PCT/ US98/ 04680 - 30 inner surface 26 of the cornea, that surface 26 can be
abl ated by a | aser beam before the blank 18 is positioned thereon.
Specificqbbgamgﬁg | aser beam L is directed onto that exposed surface 26 to
abl ate the cornea 12 down to a particular depth. Typical | )CT/EB80d680he

t hi ckness of an average cornea is approximately 500 m-crons, the surface
26 can be ablated to any amount up to a.gﬁpth.of about 300 nicrons, which
woul d | eave a sufficient anpbunt (e.g., ~dbout 200 mcrons) of cornea |eft
remai ning so that the cornea does not experience instability or outbul ging
as discussed above. The abl ated section 46 of the surface 26 can be
symmetrical about the center of the front portion of the cornea as shown
in Fig. 35.impefesubfpcet Bé ofapheoicormea,aitaitebuaettideopalGas |de coi nci de

with the sh of the blank 18 that is used in nodifying the cornea. In
the exanpl aggfﬁﬁ‘ét g%{t Bd-PReE S’?aﬁ‘a&’erfr?éem% blank 1§ die psigddrad

hence, the ghtated. sesbbenr4angCi kGldl 3l rihermare, ..t he di aneter of
the abl ated section w %I COi ﬁci é or sul?sstearjrftﬂlle;alb‘] 3}’”?51 rﬁiclir(fe(’tvﬁcft?nttt?e
di anet er ofthatheexipsked8sufaceursetot hplatapenef ddigeabhat ebusetld Q0 46
can be asymmetrjcal, for exanple, and can vary to accomobdate a disk

havi ng any RMape a2 hodfRtBe  Appieeilayi veibyeondes kibilckaeiss oife aar t .
Purher o Syvdditgs cegkatact igeRblabatoecbhgued 1ot Sl geide wn (he
The edge 4&ofcdmepabiinl £8eaeebi 8Ay48mount up to a depth of about

300 microns, which would leave a sufficient amount (e.qg.,

about 200 microns) of cornea left remaining so that the

cornea does not experience instability or outbulging as

discussed above.

The ablated section 46 of the surface 26 can be
symmetrical about the center of the front portion of the
cornea as shown in Fig. 35. Preferably, the shape of the
ablated section 46 will coincide with the shape of the
blank 18 that is used in modifying the cornea. 1In the
example illustrated in Fig. 36, the blank 18 is disk-
shaped and hence, the ablated section 46 is circular.
Furthermore, the diameter of the ablated section will
coincide or substantially coincide with the diameter of
the disk 18. Of course, the shape of the ablated section
46 can be asymmetrical, for example, and can vary to
accommodate a disk having any shape as would be
appreciative by one skilled in the art. Furthermore, the
center of the ablated section need not coincide with the
optical axis of the eye, but rather could be offset from
the optical axis. The edge 48 of the ablated section 46

will abut against the periphery 19 of the disk as shown



wi || abut agai nst the periphery 19 of the disk as shown VO 98/ 48715
PCT/ US98/ 04680 -31 in Fig. 36, thereby preventing or substantially
preventing the disk 18 fromnoving laterally on the surface 26 of the

cornea. Hoxgpoeass7ist he edge 48 need not contact the entire [RIINRIY6sdO to
achieve this function. As shown in Fig. 37, the disk 18 can be ablated in

t he manner discussed above with regard to Figs. 11-14 so that a recess or
hole is forned in the center or substangjally-in the center of the blank
18. In the exanple shown in Fig. 37, the ablation is stopped at the
exposed abl ated section 46 of the surface 26 so that none or substantially
none of the ablated section 46 is further ablated. The flap-like |ayer 22

is then reposit.ioned over the renaini ortiaon,of the ank 18 so that
the remaini Ag pordti GTﬁé%?ﬁf eﬁﬁ?ﬁ%nggﬁ tRE SUBR ?QFlﬁghyion 50 of the

exposed abl af,ed, SRGHPEHD aidk | LENELSmt M8V ERGPEaBErhiey BROEHE Oned
flap-like Iayer 22. 'Alternatively, as shown in Fig. 38, the | aser beamL

can be direchadand @26 hef HlamkcdBnead tHewexposetthaebkbdged48saeeidomott in a
manner simlar to that described above wth regard to Fi 16. By doing

Fiqg.
this, a porCGast dthe (- aHt RYRRRYY oh® 48°0 cpﬁﬁvsxﬁbgédfgﬁFﬁ%BQ"ZG is
purther ablated e aRhatad R ik Bngagibe 28! BhadpebypdAY AN &S

|l ong as a sufficient anoun ., about m Crons) cor nea is left
remai ni ng. lthe hshneaxanpBeusdd dioowé nvighppegand ab Flgsbl ank148sand t he
abl ated portion 52 of the exposed abl ated section 46

that a recess or hole is formed in the center or

substantially in the center of the blank 18. In the

example shown in Fig. 37, the ablation is stopped at the

exposed ablated section 46 of the surface 26 so that none

or substantially none of the ablated section 46 is

further ablated. The flap-like layer 22 is then

repositioned over the remaining portion of the blank 18

so that the remaining portion of the blank 18 and the

central portion 50 of the exposed ablated section 46

influences the shape of the repositioned flap-like layer

22..

Alternatively, as shown in Fig. 38, the laser beam L
can be directed onto the blank 18 and the exposed ablated
section 46 in a manner similar to that described above
with regard to Fig. 16. By doing this, a portion 52 of
the ablated section 46 of the exposed surface 26 is
further ablated. The ablated section 46 can be ablated
by any amount as long as a sufficient amount (e.g., about
200 microns) of cornea 12 is left remaining. In this
example, the remaining portion of the blank 18 and the

ablated portion 52 of the exposed ablated section 46

influences the shape of the flap-like layer 22 when the



i nfluences the shape of the flap-like |ayer 22 when the WO 98/48715
PCTI US98/ 04680 -32 flap-like layer is repositioned over the blank 18 and
exposed surface 26 of the cornea. As shown in Fig. 39, the periphery

t he

of the blyapksddiscan be ablated in the manner simlar tot

sed

above with regard to Fig. 21. As shown, none or substantially none of the

previously abl ated surface 46

| aser

the blank 18 and the abl ated section 46 of the exposed
cornea influences the shape of the flap-

| ayer

ablated. seghion docfl ALBA A RASEd g SUnf ACRL 0L N gl fga 12 can be

ablated in a nonsymretrical manne

beam

Accordingly, as shown in Eig. 40,: the remaining portion

is repositioned over the blank and the exposed surface 26.
Al ternative as.sho in EFig. 41, .a.portjon 54 qf e .ahl at ed. section 46
of the expo%iapézﬂigc ai’é’rcéﬁg E@pqsd&tlﬁé’redaﬁvaetrechb%/tqqﬁéﬂﬁ dfeArbahe | n
this event, oyhg8edt BafradR k@ 3HY Zden f epositioned over the exposed
surface 26 and the remaining portion 18 of the blank, the ablated portion
54 and remai ni ngAposhoem o g .bl3@nk the penfilphenge dthelshapiamd lLde
flap-like layer 22. As further shown in Figs. 42 and 43, a portion of
bl ank 18 al 538 Bf aPpareronofhendapnedk siBidid &° fhat G4 sserssred he

cordingly, e flap-Iike

surface of the
i ke |ayer 22 when the flap-Iike

of the exposed surface 26 is ablated by the

of

t he

| ayer

22 i s reposstboneftdxelyt henexpds ethes pirkbad®udd yamtb] e =eifEadeN@ goorti on

of the blank, the shape of the remaining portion of the blank 18 and the
abl at ed por®f ohhe exposed surface 26 is ablated by the laser beam.

Accordingly, as shown in Fig. 40, the remaining portion
of the blank 18 and the ablated section 46 of the exposed
surface of the cornea influences the shape of the flap-
like layer 22 when the flap-like layer is repositioned
over the blank and the exposed surface 26.
Alternatively, as shown in Fig. 41, a portion 54 of the
ablated section 46 of the exposed surface 26 can be
further ablated by the laser beam. In this event, when
the flap-like layer 22 is repositioned over the exposed
surface 26 and the remaining portion 18 of the blank, the
ablated portion 54 and remaining portion of the blank 18
influence the shape of the flap-like layer 22.

As further shown in Figs. 42 and 43, a portion of
the blank 18 alone or a portion of the blank 18 and a
portion 56 of the ablated section 46 of the exposed
surface 26 of the cornea 12 can be ablated in a
nonsymmetrical manner. Accordingly, when the flap-like
layer 22 is repositioned over the exposed surface 26 and
the remaining portion of the blank, the shape of the
remaining portion of the blank 18 and the ablated portion

56 influence the shape of the flap-like layer 22.



56 influence the shape of the flap-like layer 22. WD 98/48715
PCT/ US98/ 04680 -33 Al so, as further shown in Figs. 44 and 45, nultiple
portions of the blank 18 alone or nmultiple portions of the blank and

mul tiple 58 of the ablated section 46 of the exp face. 26
can be ae?gteégﬁé the | aser beam Accordingly, the renain?ﬁgﬂﬁgﬁgﬁgh of

the blank 18, and the ablated portions 58 of the ablated section 46 of -
t he exposed surface influence the shape 3§-the flap- |ike |ayer 22 when the
flap-like layer is repositioned over the remaining portion of the blank 18
and the exposed surface 26. Another enbodi nent of the universal blank
according to the present invention is shomn in Figs 46- 48. Specifically,
t he bl ank 60 shog& in Figf % has Iar ﬁMﬂth %:%5 ortion
64. The |arge poftfon 6% tX&THT ny pract|Q: SPiE Sha% 8ould

the bl ank %ér@ilg% bt Eng ba.afilﬁc ciescais:%@ SOGMEL £ BT Cﬁ@r@ﬁoﬁ@défm t he
sane type of materials as the blank 18. In the exanple shown in Fig. 46,

the | arge pohei bhang2aod mud thlpdrek B0t ik I8 sifapde afmlleintasdasdcanener of
about 4 to about 9 mllinmeters and a thi ckness of bet about 20 and

about 500 nftér8hsther eXpessd s afisamh &an i s‘%Yo*fh% he2BPEnk 60
can be of apyaRfachiedraifias | Rale Madlrpi%ga%@&i&ie&f%?n&éﬁk' led in

the art. urther d in Figs the sma portion 64
of the blanks60ana gheo athlslteshapad idngd dmofA tisedbl st edesest idana s he
l'arge portion 62. The diameter of small portion 64 can be any_ practical
si ze, such af she exposed surface influence the shape of the flap-
like layer 22 when the flap-like layer is repositioned
over the remaining portion of the blank 18 and the
exposed surface 26.
Another embodiment of the universal blank according
to the present invention is shown in Figs. 46-48.
Specifically, the blank 60 shown in Fig. 46 has a large
portion 62 and a small portion 64. The large portion 62
can have any practical size and shape as could the blank
18 shown in Fig. 2 as discussed above, and can be madé of
the same type of materials as the blank 18.
In the example shown in Fig. 46, the large portion
62 of the blank 60 is disk-shaped and has a diameter of
about 4 to about 9 millimeters and a thickness of between
about 20 and about 500 microns. Of course, the diameter
and thickness of the blank 60 can be of any practical
size that would be appreciated by one skilled in the art.
As further illustrated in Figs. 47 and 48, the small
portion 64 of the blank 60 is also disk-shaped, but has a
small diameter than the large portion 62. The diameter

of small portion 64 can be any practical size, such as a

small disk-shaped projection having a nominal diameter up



smal | di sk-shaped projection having a nom nal dianeter up WD 98/ 48715
PCTI US98/ 04680 -34 to a di sk-shaped projection having a dianmeter only a
fraction snmaller than the dianeter of the |large shaped portion 62. O

course, t\he o34k pPortion 64 need not be disk-shaped, but ny
practical shape as would be appreciative by one skilled InE?RBEQ¥§m?

Furthernore, the |arge portion 62 and small portion 64 can have shapes -
different fromeach other. Hence, for exgnple, the large portion 62 can be
di sk-shaped while the small portion 64 can be oval or rectangularly
shaped. The large portion 62 has a first planar or substantially planar
surface 63, a second planar or substantially planar surface 65, and a

peri phery 66. Th ace 63 and 65 can be aral.lel or substantially
paral | el tot‘éai‘hgbfs?ﬁ a8ﬁ§ Pﬁgjﬁé:ttllﬁﬁ‘e??v &n VESSp ec?fg]%Lﬁ ar to one
or both of EPscé%Ragﬁeﬂiéra@ﬂaﬁiithe%leqaért%% otfhecrwrmcg-é Shpdyl 65 and
the periphery 66 need not be snooth but can have projected portions,

recesses orpapyibspe20f OEXtouneseThehensaljomporricey 645 neddgiat et h or
attachable to the large portion 62 and a planar qr substantiall surface

68 and a pedipherhaped, TRELsGARabBVES 3 N PRECtiSAd 1SheR: asupawid iRg |y
parallel to gneegiag bl 8l bHE sR4nAAECTA0EAN,60 OfFJﬁ%4ﬁa«&% Pad on 62,

and the per ery e perpen i cul ar *Subst ant |
per pendi cul par§e pbetsunfgeeadl. sQalQO@bS:ﬁ,loth4Sldi‘afrﬁQ&v&85}m’lﬁbsperl phery

69 need not be snoboth but can have projected portions, recesses or any

type of texdufferent from each other. Hence, for example, the large
portion 62 can be disk-shaped while the small portion 64
can be oval or rectangularly shaped.

The large portion 62 has a first planar or
substantially planar surface 63, a second planar or
substantially planar surface 65, and a periphery 66. The
surfaces 63 and 65 can be parallel or substantially
parallel to each other, and the periphery 66 can be
perpendicular to one or both of the surfaces 63 and 65.
Of course, the surfaces 63 and 65 and the periphery 66
need not be smooth but can have projected portionmns,
recesses or any type of texture.

The small portion 64 is integral with or attachable
to the large portion 62 and a planar or substantially
surface 68 and a periphery 69. The surface 68 can be
parallel or substantially parallel to one or both of the
surfaces 63 and 65 of the large portion 62, and the
periphery 69 could be perpendicular or substantially
perpendicular to the surface 68. Of course, the surface

68 and periphery 69 need not be smooth but can have

projected portions, recesses or any type of texture.



WD 98/ 48715 PCTI US98/ 04680 -35 An enbodi nent of a nmethod for using the

uni versal blank 60 according to the present invention is shown in Fig.

49. Specifically, the surface of the cornea 26 that has been exposed by
form ng amgd9pasisi oning the flap-like layer 22 in the manpegdosedsdsscd
above is ablated in the manner shown in Fig. 49. That is, the exposed
surface 26 is ablated to different depths so as to assune a shape which-
can accommodate the bl ank 60. Hence, an ¥t er . section 70 of the exposed
surface 26 is ablated to a first depth, while an inner section 71 is
ablated to a second depth greater than the first depth. The depths of the
abl ated i nner and outer sections 70 and 71 can be any anount which woul d

al low a sufficienl, AR ndfhnCYNCR et ndf fhr AP 200 Jeropsdto remin

so that the remaining cornea does not experiencing distortion or

out bul gi ng. bl hnks enotedcrdding hics tHeepradgad ekt Hifh pt ©véesn abn
advant age over a uniformy shaped blank 18 in this regard, because |ess
vol une of cBifiea48an Beegiifdcad Inb the Fur fagewf Wherernea adeorhabat e

the smal |l er _portion 64 of the ank. 60 and thus point the
hgﬁeg #j éh

blLank 60, from
shifting on SGFr §EBOSEL BY SGATEAY A RO THIRR DI R %fa%E)?ﬁ}é%

removed to fgyarsest i@ cht hdRSS ditusddie aiviiTe Ofawoinead 1eneMed to
formsection 46 (Fig. 34). As shown in Fig. 51, the blank 60 is positioned

on the abl masdezeshwns 170 Fagd AP .of THat expoddt swdored 2purfacehaé t he

surface 68 of tgﬁ sgggk pg&t'%p 64‘HetJE; égank QQ contacts or

substanti al 1§ 88nek £h ggléfgﬁl P as to assume a shape
which can accommodate the blank 60. Hence, an outer
section 70 of the exposed surface 26 is ablated to a
first depth, while an inner section 71 is ablated to a
second depth greater than the first depth. The depths of
the ablated inner and outer sections 70 and 71 can be any
amount which would allow a sufficient amount of cornea 12
(e.g., about 200 microns) to remain so that the remaining
cornea does not experiencing distortion or outbulging.
It is noted that this step-shaped blank 60 provides an
advantage over a uniformly shaped blank 18 in this
regard, because less volume of cornea can be ablated to
form a recess which will accommodate the smaller portion
64 of the blank 60 and thus point the blank 60 from
shifting on the surface of the cornea. That is, the
volumé of cornea removed to form section 71 is less than
the volume of cornea removed to form section 46 (Fig.
34).

As shown in Fig. 51, the blank 60 is positioned on

the ablated sections 70 and 71 of the exposed surface 26
so that the surface 68 of the small portion 64 of the

blank 60 contacts or substantially contacts the ablated



WD 98/ 48715 PCTI US98/ 04680 -36 section 71 while the surface 65 of the

| arge portion 62 of the blank 60 contacts or substantially contacts the
abl ated section 70 as shown. As further shown, an edge 72 of the ablated
section Rloepdaets the periphery 66 of the large porti onpgfr,ljspgmla%@nk 60,
while an edge 74 of the ablated section 71 contacts the periphery 69 of
the small portion 64 of the blank 60. O course, the sizes and shapes of
the abl ated section 70 and 71 can be madd® -to conformor substantially
conformwi th the sizes and shapes of the large and small portions 62 and
64, respectively, of the blank 60, and can thus be any practical size and
shape as woul d be appreciated by one skilled in the art. Al so, the ablated
sections 70 and.71 eed .nat S ri al,optical
axi s of thesgﬁg,lo ut’ ré‘{?’ﬁgre, t(?l(;%u{%)q%ea%éﬂ%etdiﬁuohn??ﬁe g%zﬁ??g{%%p{;lzcal axi s
of the eye grdihromaakh s0t kentabites dgrpstZariith ¥y otohteced! ehed
sections 70 and 71, respectively, can contact the peripheries 66 and 69,
respecti vel gplahethekectdon &t psomshawinar iFusiUIe ¥ oPROWIAs alr eA8® shown

in.Fig. 51, the_|l aser amlL is .irradjated onto the blank 60 in nner
simlar to fRaPf &g‘?cf‘?’g@&e?b&?é:t\ﬁ% Ped:ac?’rbtal%t%i%? Eﬁpﬁh?léya%?a{;g a
central or pHbstaObiablLcGRAl Gt B WidhoTed hanbl Bkafleags shove in Fig.
52. That ablated portion can be, for exanple, a substantially

hen spheri caher abgaseds seditions Jad chhaetd ttthe qomr thheryi 3. ofilthd. As

further shown_in Fi g 52, none or substantially none of the ablated
section 71 FBaidr PREFLIGH &le@ioyhenilants &0 pedth course, the sizes

and shapes of the ablated section 70 and 71 can be made

to conform or substantially conform with the sizes and
shapes of the large and small portions 62 and 64,
respectively, of the blank 60, and can thus be any
practical size and shape as would be appreciated by one
skilled in the art. Also, the ablated sections 70 and 71
need not be made symmetrical about the central optical
axis of the eye, but rather, could be offset from the
central optical axis of the eye and from each other. The
edges 72 and 74 of the ablated sections 70 and 71,
respectively, can contact the peripheries 66 and 69,
respectively, in their entirety or at various locations.

As further shown in.Fig. 51, the laser beam L is
irradiated onto the blank 60 in a manner similar to that
described above with regard to Figs. 11-14 to ablate a
central or substantially central portion of the blank 60
as shown in Fig. 52. That ablated portion can be, for
example, a substantially hemispherical recess as
discussed above with regard to Figs. 11-14. As further
shown in Fig. 52, none or substantially none of the

ablated section 71 is further ablated by this laser beam.



WO 98/ 48715 PCT/ US98/ 04680 - 37 Accordingly, the surface of the abl ated
section 71 and the renmaining portion of the blank 60.influence the shape
of the flap-like layer 22 when the flap-like layer 22 is repositioned over
t he bl anlw®0s/a87d5 t he exposed surface 26. Alternatively, sphomosdsndssg. 53,
a portion 76 of the ablated section 71 below the ablated portion of the

bl ank 60 can be further ablated by the | aser beamto any depth which -
woul d al l ow a sufficient amount (e.g.,-dBout 200 microns) of the cornea 12
to remain. Accordingly, the ablated portion 76 and renai ning portion of
the blank 60 influence the shape of the flap-Iike |layer 22 when the
flap-like layer 22 is repositioned back over the exposed surface 26 and

the remai nig@epedingy Of thBesdirskc60ofAshbuablateghestior-iT & nultiple
portion of the blank 60 can be ablated in a manner simlar to that in

whi ch the Biekrasaisingl perties ééséhﬁbbéankoﬁOexaﬁﬂN@nCQMQHﬁr%hﬂﬁ%t to
Figs. 18-22 above._Furt no i 5 | aser, beam can be
directed oRh e £ ?é{ﬁ ii‘?? ; g?n hg‘ §88§e31§&r ScE er262%jolsébl ate
portion 78 Qof, é@fél&béatgdex?eghéomzﬁk decandi BakY expose@MYfidedi 9. 54,
t he renalnlng portion of the blank 60 and the ablated section 70 influence

the shape adethe flap-like layer 22 when the flap-like layer 22 is

repositioned over_ the exposed surface, 26_and the renalnlngdpoQH%o of the
bl ank 60. ConverREF§rnaki¥abyin ShAWR 40 E5I -t R r BnRPAIG & ©the

blrank 60 and {7 HL0EELaPY AEEHoROERLOOLTE 0k bts%ta%'natoefd SRCH ALK O of

60 can be further ablated by the laser beam to any depth
which would allow a sufficient amount (e.g., about 200
microns) of the cornea 12 to remain. Accordingly, the
ablated portion 76 and remaining portion of the blank 60
influence the shape of the flap-like layer 22 when the
flap-like léyer 22 is repositioned back over the exposed
surface 26 and the remaining portion of the disk 60.

As further shown in Fig. 54, multiple portion of the
blank 60 can be ablated in a manner similar to that in
which the blank 18 is ablated as described, for example,
with respect to Figs. 18-22 above. Furthermore, as shown
in Fig. 55, the laser beam can be directed onto the
ablated section 70 of the exposed surface 26 to ablate
portion 78 of that ablated section 70. Accordingly, as
shown in Fig. 54, the remaining portion of the blank 60
and the ablated section 70 influence the shape of the
flap-like layer 22 when the flap—like.layer 22 is
repositioned over the exposed surface 26 and the
remaining portion of the blank 60. Conversely, as shown
in Fig. 55, the remaining portion of the blank 60 and the

further ablated portion 78 of the ablated section 70 of



WO 98/ 48715 PCTI US98/ 04680 - 38 the exposed surface 26 influence the shape
of the flap- like layer 22 when the flap-like layer 22 is repositioned

over the exposed surface 26 in the remaining portion of the blank 60. As
further skhewsassrisFigs. 56 and 57, the blank 60 and abl at eg@cgasos/edssy0 of

t he exposed surface 26 can be ablated by the |aser beamin a
nonsymmetrical manner. Accordingly, as shown in Fig. 56, the remaining -~
portion of the blank 60 and the abl at ed38ection 70 i nfluence the shape of
the flap-like layer 22 when the flap-like layer is repositioned over the
surface 26 in the remaining portion of the blank 60. As shown in Fig. 57,
the nonsymmetrical ablated portion 80 and the remaining portion of the

bl ank 60 i nfhue 09%% sga&&eacgé 3d€; i § BPanbb KenkayBap2owheRet e af-ap- | i ke
ne e

| ayer is repositi over t exposed surface 26 and the remai ning
portion of 1tike hlagrlc 62 wsrshtw fhapt Yike 5Bapad 39, isheepbank iédednd
abl at ed section 70 can be ablated at nmultiple locations in a, manner
sinilar to over ithewexaeastk piefacag2antn hef HERA2B1RFePREALEd C4s

descri bed a%gye ﬁ@th regard to Figs. 25-29. Accordingly, as shown in Fig.
58, the re € &“ﬁbr I'on of the blank 60 and the ablated sections 70 and
71 of the exposeqsuynfragf2GHdm upnceigs hesshapa of7,t baef bapnki ke | ayer 22
when the flap-like |layer 22 is repositioned over the exposed surf.ace 26
and the bl amid 601aAlederaeatt dast y70 aaf shleanexposeg. s8gfacke26f GACh&E abl at ed

portion 82 %fbltaréeeda%yatt%de 624 2bdd 1% nonsymmetrical manner.

Accordingly, as shown in Fig. 56, the remaining portion
of the blank 60 and the ablated section 70 influence the
shape of the flap-like layer 22 when the flap-like layer
is repositioned over the surface 26 in the remaining
portion of the blank 60. As shown in Fig. 57, the
nonsymmetrical ablated portion 80 and the remaining
portion of the blank 60 influence the shape of the flap-
like layer 22 when the flap-like layer is repositioned
over the exposed surface 26 and the remaining poftion of
the blank 60.

As shown in Figs. 58 and 59, the blank 60 and
ablated section 70 can be ablated at multiple locations
in a manner similar to that in which the blank 18 and
surface 26 are ablated as described above with regard to
Figs. 25-29. Accordingly, as shown in Fig. 58, the
remaining portion of the blank 60 and the ablated
sections 70 and 71 of the exposed surface 26 influence
the shape of the flap-like layer 22 when the flap-like
layer 22 is repositioned over the exposed surface 26 and
the blank 60. Alternatively, as shown in Fig. 59, the

further ablated portion 82 of the ablated section 70, the



WO 98/ 48715 PCT/ US98/ 04680 - 39 further ablated portion 84 of the abl ated
section 71, and the remaining portion of the blank 60 influence the shape
of the flap-like layer 22 when the flap-like layer 22 is repositioned over
the renmai Qiges/4891st i on bl ank 60 and the exposed surface 26.pAfi55HaEReONI Y a
few exenpl ary enbodi nents of this invention have been described in detai
above, those skilled in the art will readily appreciate that many -
nmodi fi cations are possible in the exenpl-a¥%- enbodi ments without materially
departing fromthe novel teachings and advantages of this invention.
Accordingly, all such nodifications are intended to be included within the
scope of this invention as defined in the following clains. WO 98/48715

PCTI US98/ 04680 r 140~ 2k e gl il 645 ofl-cHfe Maswceaf sevdibyi ng,t haa
curvature of a patient's |live cornea, conprising the steps of: separating

a layer of thael remadorimen pordmarheff tdre blgink He0 | ivkleenpeathaoshaget he
separated | ayer to expose .an i_nternal urfaggag% t he | ive. corne

underneath tRE §bgafdPed Lik&y Y SgosiZ iGifthd 1am bH<e h%aYﬁFegr?lalis
SR 01 | BapeH S S S o R oL ko b
exposed surface 26.

Although only a few exemplary embodiments of this
invention have been described in detail above, those
skilled in the art will readily appreciate that many
modifications are possible in the exemplary embodiments
without materially departing from the novel teachings and
advantages of this invention. Accordingly, all such
modifications are intended to be included within the

scope of this invention as defined in the following

claims.



portion of the blank on the internal surface of the live cornea; and
repositioning the separated | ayer of the live cornea back over the
internal surface of the live cornea and the wunablated portion of the

bl ank, s e shape of the wunablated portion of the bl ank influences
t he shapgyégg&gﬁg repositioned separated | ayer of the I|ive COf4pa804680 A
nmet hod according to claim1l, wherein the, separating step conprises one of-
the followng steps: directing a | aser ®eamonto the live cornea to
separate the separated |ayer fromthe live cornea; and using a blade to
cut an incision into the live cornea to separate the separated |ayer from
the live cornea. ED2~n WD 98/48715 PCT/ US98/ 04680 -41 3. A nethod
accordi ng twhataim tlaiedeiis:t he separating step conprises the step of
formng the separated |ayer as a flap having an attaching portion which
remains attached to the Iive cornea. 4. A nethod according to claim 3,
wherein the sepgratﬁd E%%gh ARV 136 1 %dxyﬂgiéﬁy%égg%éné¥)gf novi ng the
separated | ayer abou {'Re attaching portiron to expose the internal
surface. 5.pAtiehbod agoer doifehq eoiphibintheiiri sddis laser beam
directing step conprises the step of directing the |aser beamonto the

bl ank to abl ate &ephrsasing podeyed of tiife lameercqidreardinegm dfhe hereontank. 6.

A et hod accgrgkng to claim1, wherein the |aser
o) evlive coOrnea’;

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

pos}tioning a blank on the internal surface of the
live corﬁea;

directing a laser beam onto the blank to ablate at
least a portion of the blank while leaving the unablated
portion of the blank on the internal surface of the live
cornea; and

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

the repositioned separated layer of the live cornea.

2. A method according to claim 1, wherein the
separating step comprises one of the following steps:

directing a laser beam onto the live cornea to
separate the separated layer from the live cornea; and

using a blade to cut an incision into the live
cornea to separate the separated layer from the live

cornea.

THIS SHEET HAS BEEN
REPLACED




beam directing step conprises the step of directing the |aser beamonto
the blank to forma recess in the blank. 7. A nmethod according to claim1,
wherein the blank is disk-shaped, and the | aser beamdirecting step

conpri sese beassiEp of directing the | aser beamonto the bpaflgshsosfd ate a
portion of the circunference of the blank. 8 A nethod according to claim

1, wherein the blank is disk-shaped, agg_the |aser beamdirecting step -
TH S SHEET HAS BEEN REPLACED WO 98/ 48715 PCT/ US98/ 04680 -42 conprises the
step of directing the |laser beamonto the blank to forma recess in the
bl ank. 9. A method according to claim1, wherein the |aser beamdirecting
step conprises the step of continuing to direct the |aser beamonto the
bl ank until the | aser beam ablates through the blank to reach the internal

surface of the J1ve,GeLigds d0cofuiRbned 969kUNNG.ARrdidl Bk - wher el n

the |aser beamdirecting step conpri3es the step of continuing to direct

the | aser haafa g herépt eomplisssr theesakbpt bé Ifioraicer nee after said at
| east.a portion of the blank has been ablated to ablate a portion of the
internal sweépmmRtd olryere aslat BHapolaVénJoRnt AE LHICAHRY PRI ARt hod

according tq claim10, wherein t ositioning step conprises the step
of reposi ti“?ﬁﬁ r‘?%lré%p%?té?glae&a?%rgg? Pﬁé’el F\?céln(%‘r nea back over the

i nt ernal surface of the live cornea so that the shape of

4. A method according to claim 3, wherein the
separated layer moving step comprises the step of moving
the separated layer about the attaching portion to expose

the internal surface.

5. A method according to claim 1, wherein the laser
beam directing step comprises the step of directing the
laser beam onto the blank to ablate at least a portion of

the outer perimeter of the blank.

6. A method according to claim 1, wherein the laser
beam directing step comprises the step of directing the

laser beam onto the blank to form a recess in the blank.

7. A method according to claim 1, wherein the blank
is disk-shaped, and the laser beam directing step
comprises the step of directing the laser beam onto the
blank to ablate a portion of the circumference of the

blank.

8. A method according to claim 1, wherein the blank

is disk-shaped, and the laser beam directing step

THIS SHEET HAS BLEN
REPLACED

P




t he remaining portion of the blank and the shape of the ablated portion of
the internal surface influence the shape of the repositioned separated

| ayer of the live cornea. 12. A nethod according to claim1, wherein the

| aser beqﬁ?gghgqging step conprises the step of directing pthgisb@sRe beam
onto the blank to ablate at least a 1TH S SHEET HAS BEEN REPLACED WO

98/ 48715 PCT/ US98/ 04680 -43 portion of the outer perinmeter of the blank -
while leaving a substantially frustd2enically.shaped portion of the blank
remai ning. 13. A nethod according to claim1, wherein the |aser beam
directing step conprises the step of directing the |aser beamonto the
blank to forma substantially hem spherical recess in the blank. 14. A

method JEEALAL Lhe!| Adp lor [H106E1ngOPRE! 3080, Beat e @Rl ating a
portion O e internal “surface of t I've cornea underneath the
separ at ed dry@jo fivrora t¥e@esd ofmi thet beapksi ti oni ng step, and wherein the
bl ank is positioned on the ablated portion of the inner surface the
positioning step. 15. A method according to claim1, wherein the blank

i ncludes a fiyst port.ion, havi ng,a fi{gtc§5§% Qndggex%g%pggﬁp$§#gé¥L

integral with thé fIFHCPFTTORAvEAgCa 8edond "Er5e; erein the

net hod L&l Mt et dhcomd £Ps 05 ehbaktep bifr sbn2ncuserpnd portions of
the internal surface of the |live cornea underneath the
direct the laser beam onto the blank until the laser beam

ablates through the blank to reach the internal surface

of the live cornea.

10. A method according to claim 1, wherein the
laser beam directing step comprises the step of
continuing to direct the laser beam onto the internal
surface of the live cornea after said at least a portion
of the blank has been ablated to ablate a portion of the

internal surface below the ablated portion of the blank.

11. A method according to claim 10, wherein the
repositioning step comprises the step of repositioning
the separated layer of the live cornea back over the
internal surface of the live cornea so that the shape of
the remaining portion of the blank and the shape of the
ablated portion of the internal surface influence the
shape of the repositioned separated layer of the live

cornea.

12. A method according to claim 1, wherein the
laser beam directing step comprises the step of directing

the laser beam onto the blank to ablate at least a
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separated | ayer prior to performng the positioning step, and wherein
during the positioning step, the blank is positioned on the first and
second abl ated portions of the internal surface such that the first and
second p@blsgagasof the blank contact the first and second pEisysREsso
portions of the internal surface, respectively. TH S SHEET HAS BEEN
REPLACED WD 98/ 48715 PCT/ US98/ 0468Q -44 16. A nmethod according to claimtZ,
wherein the directing step coini"éés the step of directing the | aser beam
onto the blank to ablate the blank to reduce the thickness of the blank in
a substantially uniformmmanner prior to directing the |aser beamonto the
blank to ablate the at | east a portion of the blank. 17. A bl ank,
adaptpaititd drioro futhé noubelt f ye pimeher offr waleutd aofk avipidte elgasingve cornea,
conprising: a first surface adaptable for placenent directly on a surface
of t e spRstamnitia} iy ef e FraoNAfalaYs 68aRES RtdemRhbttdt e to be exposed
to a Ilas r _beam. the blank conprising a material whose properties permt

| i ghPYR&S rfge“éa%ﬂf@ ength within the visible spectrumto pass therethrough
and prevent substantially all light having a wavel ength within the |aser

| ight spectrumfrom passing therethrough. 18. A blank according to claim
17, whereilB t héd wettlod shctordilngt bl eledmbd amh@rafibycheaser light. 19. A

bl ank i ' in. . .
132%&9%24%3éf}éééﬂéglgteghgégbglgg% the step of directing

the laser beam onto the blank to form a substantially

hemispherical recess in the blank.

14. A method according to claim 1, further
comprising the step of ablating a portion of the internal
surface of the live cornea underneath the separated layer
prior to performing the positioning step, and wherein the
blank is positioned on the ablated portion of the inner

surface the positioning step.

15. A method according to claim 1, wherein the
blank includes a first portion having a first size and a
second portion, integral with the first portion, having a
second size, and wherein the method further comprises the
step of ablating first and second portions of the
internal surface of the live cornea underneath the
separated layer prior to performing the positioning step,
and wherein during the positioning step, the blank is
positioned on the first and second ablated portions of
the infernal surface such that the first and second
portions of the blank contact the first and second

ablated portions of the internal surface, respectively.
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t hi ckness of the blank is within a range of about 20 to

about 500 m crons,

and a length of at |east one of the first and second surfaces, of the bl ank

is within a range
REPLACEDwW#» #7483 715 PCT/ US98/ 04680
wherein the

of about 2 mmto about 9 mm TH' S SHEET HAS Bi .:i ;'

-45 20. A bl ank accorﬁwﬂ,sggoﬁg@l m 17,
blank is a disk having the first and second surfaces on

opposite sides thereof, the thickness of the blank is wthin a range of -
20 to about 500 nicrons, and44he dianmeter of the blank is within a

about

range of about 2 mmto

wherein the material is one of organic material and synthetic
22. A blank according to claim17, wherein the material is one of
col | agen, copol yner coll agen, polyethylene oxide and hydrogel .
according to claim 17, wherein the material includes one of the follomnng

Cross-

| i nkeldb . orlgamtl:mrhtaecm:car@lng:otbagéﬁlmmlal uh@mec?-radﬂda

about 9 mm 21. A blank according to claim17,

mat eri al .

23. A bl ank

nmucopol ysacchari de and gl ycoprotein. 24. A glank accor %é{o claim17,

mhermq%qﬁﬁ$lqﬂeﬁﬂ@ﬂuﬁP%P $ aHR? 2P FEPURES _
S A58 p bk A D! AP BECORMI BIahR EbABdhbe Wi SN the  first
aces eac

stantially planar surfaces and are

and S e

and second sur

e Eeh

are su

subst aniickdesPpasmldied voamacin od heubstantially uniform manner

prior to directing the laser beam onto the blank to

ablate the at least a portion of the blank.

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

a first surface adaptéble for placement directly on
a surface of the patient's live cornea; and

a second surface adaptable to be exposed to a laser
beam;

the blank comprising a material whose properties
permit light having a wavelength within the visible
spectrum to pass therethrough and prevent substantially
all light having a wavelength within the laser light

spectrum from passing therethrough.

18. A blank according to claim 17, wherein the

material is adaptable to be ablated by laser light.

19. A blank according to claim 17, wherein the
thickness of the blank is within a range of about 20 to
about 500 microns, and a length of at least one of the
first and second surfaces of the blank is within a range

of about 2 mm to about 9 mm.
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TH'S S~i cET HAS BEEN REPLACED WD 98/ 48715 PCTI US98/ 04680 - 46 26. A
bl ank, adaptable for use in nodifying the curvature of a patient's live
cornea, conprising: a first portion having a first surface adaptable for .
pl acemat wib peed7ky on a surface of the patient's live cornearusagiogssecond
portion, integral with and |onger than said first portion and having a
second surface adaptable to be exposed é)éilaser beam a bl ank conpri sing
a material whose properties permt |ight”having a wavelength within the
visible spectrumto pass therethrough and prevent substantially all Iight
having a wavel ength within the laser light spectrumfrom passing
t heret hrough. 27. A blank according to claim 26, wherein the first and
second surfaces are each substantially planar and are substantially
parallel to each other. .
20. A blank according to claim 17, wherein the

blank is a disk having the first and second surfaces on

opposite sides thereof, the thickness of the blank is

within a range of about 20 to about 500 microns, and the

~diameter of the blank is within a range of about 2 mm to

about 9 mm.

21. A blank according to c¢laim 17, wherein the
material is one of organic material and synthetic

material.

22. A blank according to claim 17, wherein the
material is one of collagen, copolymer collagen,

polyethylene oxide and hydrogel.

23. A blank according to claim 17, wherein the
material includes one of the following cross-linked
organic materials: collagen, hyaluronic acid,

mucopolysaccharide and glycoprotein.

24. A blank according to claim 17, wherein the
blank has a substantially uniform thickness between the

first and second surfaces.

25. A blank according to claim 17, wherein the
first and second surfaces each are substantially planar

surfaces and are substantially parallel to each other.
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26. A blank, adaptable for use in modifying the
curvature of a patient’s live cornea, comprising:
| a first portion having a first surface adaptable for
placemat directly on a surface of the patient’s live
cornea; and

a second portion, integral with and longer than said
first portion and having a second surface adaptable to be
exposed to a laser beam;

a blank comprising a material whose properties
permit light having a wavelength within the visible
spectrum to pass therethrough and prevent substantially
all light having a wavelength within the laser light

spectrum from passing therethrough.

27. A blank according to claim 26, wherein the
first and second surfaces are each substantially planar

and are substantially parallel to each other.
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