2 4 MAY 2005 WO 02/34158 PCT/ USO /29733 | NTRAOCULAR LENSES AND METHODS FOR
THEI R MANUFACTURE 5 Field of the Invention The present inventiqq;&$§2m§s to
intraocular lenses. In particular, the invention provides intraocula

| enses thavohadeise refractive index gradient. Additionallypcrhsol/enses of
the invention maybe custom zed to a particular individual. 10 Background of
the I nvention The use of intraocular |lenses to replace a patient's natural
lens is well known. Cenerally, the intraocular |enses are forned by |athe
cutting, nolding, or the like. The |l enses may be fixed within the eye, such
as by haptics, which typically 15 are attached in a secondary step. The

| enses may be acconmopdati ng | enses that nbve al ong the optical axis of the
eye to provide correction for distance and near_ vision, Known intraocul ar

| enses are nade of rigid mefERAPSUSAEhL 5RISES| 4 NE: T}“Rgghacrylate and the
like or flexible materials suchF&R THEIR dhAI ©Y&Es, fl uorocarbons,

hydr oxyet hyl nmethacrylate, and the Iik 20 Conventional intraocular |enses
are di sadvant ageous in that the | ensel ofitke bfvenhosi ngl e refractive index,

but are used to reg}ace thﬁ.natural gﬁns.mhich radien efractive

h
Cndew. CAddiLi onal | LheaRE b FlaisS dp irogmebEnstt, Ih Baed anaht cor o f or

hi gh order ocm\%uap?;dﬁaésqnﬁadwrar@erngestth@ryhaQusarreﬁL@tm ih@x3erpdiedtl cul ar
i ndi vidual . 25 Therefore, a need exists for a intraocul ar Tenses and net hods

for their produditianlly; thatlerseseitbemveniésemdy dadusinmazpddo agartoulpar VAY 2005

individual.

Background of the Invention
The use of intraocular lenses to replace a patient’s natural lens is well
known. Generally, the intraocular lenses are formed by lathe cutting, molding, or
the like. The lenses may be fixed within the eye, such as by haptics, which typically
15 are attached in a secondary step. The lenses may be accommodating lenses that
move along the optical axis of the eye to provide correction for distance and near
vision. Known intraocular lenses are made of rigid materials such as polymethyl
methacrylate and the like or flexible materials such as silicone, hydrogels,
fluorocarbons, hydroxyethyl methacrylate, and the lik .
20
Conventional intraocular lenses are disadvantageous in that the lenses are of
a single refractive index, but are used to replace the natural lens which has a gradient
refractive index. Additionally, the known intraocular lenses provide no correction
for high order ocular aberrations nor are they customized to a particular individual.
25 Therefore, a need exists for a intraocular lenses and methods for their production

that overcome these disadvantages.
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W 02/34]58 PCTfJJS01/29733 2 Brief Description of the Draw ngs F| %
magni fi ed, cross-sectional plan view of the I ens of the invention. MAY 2005
DescriptiqQ I nvention and its Preferred Enbodi ments €,
|nvent|on‘g oé?égz i ntraocul ar | enses that incorporate one OEQEBQ/‘ﬁg
refractive index gradient and correction for ocul ar wavefront aberratlons.
The refractive index gradient provides a lens that is nore simlar to the
natural 10 crystalline |lens than known intraocul ar | enses. Additionally, the
| enses of the invention provide for a level of vision correction not
previously available in intraocular |enses. The invention provides an
intraocular I ens conprising, 5 consisting essentially of, and consi sting of
a refractive index gradient. The intraocular |lenses of the invention may be
of the type that are fixed as to centration wthin the eye, but nove
forwardly and backwardly due topGi.k D@&yﬁggﬁgkg,qﬁ%Mgﬂ s Alternatively, the

| ens may be an accommodating | ens neani that t s is attached to the
capsule, but is capﬁ@lexoﬁnmgaﬁgﬂngomadEUQuammnshapafH&Ohh$of&e@n&ndb&covery
of the invention that by incorporating a refractive index gradient into an
intraocul ar’l ens, the performance of the lens will be inproved. In the |lens
of the invention, a refragklyebhdedcdhadBhlnk R s Eruihhior adi ent
may be formed by use of at two | ayers of materials’ r? iffering
refractive 25 |nd|c@hepﬁkaﬁna%ﬂmpnahmuk53n&mmabouﬁméQﬂmaymosmnaqom@omsed,
preferably, about 4 to. about 6 layers are used._ In the | enses- of t he

i nvention, theP¥BPfAcEiad!VE X, R Ethanh&orediondpr oglay wawtirRsE RbarEAigps- o

the | ens 1o 1 toyOlFaEnIDALCL BHlen: FRYidGNERIFL mlECH BRI %o yRrEhesd! Y, he
refractive index CTECI’ eases asS one ves fromthe 1 nnernbst to the outernost
| ayer s and inangestaflmerie@tbat kdovb?intreo@abautnsks 33 dditmmnelly, the lenses of the

invention provide for a ievel of vision correction not previously available in

intraocular lenses.

The invention provides an intraocular lens comprising,

15 consisting essentially of, and consisting of a refractive index gradient. The
intraocular lenses of the invention may be of the type that are fixed as to centration
within the eye, but move forwardly and backwardly due to ciliary muscle action.
Altematively, the lens may be an accommodating lens meaning that the lens is

attacned to the capsule, but is capable of changing radius and shape.

20
It is one discovery of the invention that by incorporating a refractive index
gradient into an intraocular lens, the performance of the lens will be improved. In
- the lens of the invention, a refractive index gradient is provided, which gradient
may be formed by use of at least two lavers of matenials of differing refractive
25 indices. Generally, about 3 to about 12 layers may be used,; preferably, about 4 to

about 6 layers are used. In the lenses of the invention, the refractive index, from the
center, or innermost layer, of the lens to its outer-most layer, may increase or
decrease. Preferably, lhe refraclive index decreases as one moves from the
inrnermost to the outermost lavers and ranges from about 1.52 to about 1.38, more
30 preferably about 1.50 to about 1.4G, most preferably about 1.44 to about 1.40. For

those lenses made (rom rigid materials, preferably the refractive



30 preferably about 1.50 to about 1.46, nost preferably about 1.44 to about
1.40. For those lenses nade fromrigid materials, preferably the refractive
. 2 4 MAY 2005 WO 02/ 34158 PCT/ USOI /29733 3 index ranges from allouMat 28>
to about 1wABof/s:a8 the center to the outer-nost |ayer. For gdwpusdier3s
materials, the range is about 1.50 to about 1.46. The change in index 5
between the | ayers nmay be equal or unequal. Simlarly, the thickness of the
| ayers may be unequal or, preferably, equal. The | enses of the invention
maybe made of any material suitable for formng intraocular |enses. For
exanpl e, the |enses may be made froma rigi;d material 10 including, w thout
limtation, polynethyl nethacryl ate, polystyrene, polycarbonate, or the

| i ke, and conbinations thereof. Additionally, flexible naterials may be used
i ncluding, without limtation, hydrogel s si I i cone materials, acrylic
materials, fluorocarbon materials and t or conbi nat| ons thereof. 15
For purposes of9Ebi#AgaY ’Pﬁbaqor\‘ﬁéfﬁﬁ%é?oqtéﬁrﬁ%" therentesig theoyergRostdasesct i ve
| ndex monomer ggRyn %%%ﬁsﬁﬁg tﬁ@fﬂa' g@ksyﬁ%m .80 1 Phbddt | 146S THIRAGARY inthdd) @
first refractive In ex ma nerized wth a secon ronomer havi ng a
second ref sacbétween nﬁexyarmnmydnereqhml pravdae Sindlarigf thechickaedsod eie ldwgss red.
Preferably, the nononers used to formthe | enses of the invention are
free-radi cal rBR¥OEvEcs! RHPERIEFD]Y. EAUalhose | enses produced using rigid
materials, the refractive index of the material may be varied by the

addi tion of an aromatic nethacrylate, hal onethacrylate, or an aromatic

hal onet hacryl at e, offhe tambesnaltheirsehti@r maf be mada o anyamatdrial edifabix fov éorining

i ncrease or decrease the material to the desired |evel. Suitable romati c
met hacryl at es PREPEHI, lem%éaf cM“Pﬁ]FéPF lfﬁsesldn@h?n mAgde [RBT 3 Tigiddnatg, %ht hyl

met hacryl atg, nﬁgmﬂhgew ouf'ft hlg trﬁlﬁﬁaﬁ:?y olggﬁty%% 18aehorEC! SY!

met hacryl ate, 2 |1 ke, |nat| ons t ereofb onet agéry at es

useful in or the like, and combmatlons thereof. Additionally, flexible materials may be used
including, without limitation, hydrogels, silicone materials, acrylic materials,

fluorocarbon materials and the like, or combinations thereof.

15 For purposes of forming the inner most layer of the lens, a high refractive
index monomer may be selected and polymerized or a first monomer with a first
refractive index may be polymerized with a second monomer having a second
refractive index in order to provide the refractive index desired. Preferably, the
monomers used to form the lenses of the invention are free-radical reactive

20 monomers.

In those lenses produced using rigid matenals, the refractive index of the
material may be varied by the addition of an aromatic methacrylate,
halomethacrylate, or an aromatic ha]omethaérylate, or combinations thereof in an

25 amount effective to increase or decrease the material to the desired level. Suitable
aromatic methacrylates include, without limitation, phenyl methacrylate, naphthy}
methacrylate, phenylethyl methacrylate, methoxyphenyl methacrylate, o-crsyl
methacrylate, and the like, and combinations thereof. Halomethacrylates useful in
the invention include, without limitation, polyfluoroalkyl methacrylates, 2-

30 chloroethyl methacrylates, 2-bromomethacrylate, chlorocyclohexyl methacrylale,

bromocyclohexylmethacrylate, and the like, or combinations thereof.



the invention include, without limtation, polyfluoroal kyl nethacrylates, 2
30 chl oroet hyl niethacryl ates, 2-brononethacrylate, chlorocycl ohe?yl Y2005
nmet hacryl ate, bronocycl ohexyl methacrylate, and the Iike, or conbi rfa% 049@
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hal onet hacryl ates include, without Iimtation, chlorobenzyl nethacrylate,

br omobenzyl nethacrylate, and the |ike, or conbinations thereof. 5
Simlarly, these materials nmay be used to alter the refractive index of a
flexible material such as a hydrogel or acrylic material to the desired
level. In addition, chloro- or bronostygenes nmay be used. For |enses nade
fromsilicone materials, the desired refractive index nmay be obtai ned by
use of poly(dinethyl-co- phenylnethyl) siloxane to the material. 10 The

mat eri al s ushdtabie dromatid ldohethacnybateshaclpat, wititauz &dhitayioanshl&mbemzyl means, such
as thermal, photochem cal, or radjation cure using any suitable ipitiator

i ncl udi ng, vinethagrylafs, Rramgbeasy! metharsy g, a%ﬁlﬁl%oﬂ coan@vaﬁlqn%tharfeg ., a
visible light initiator, and the like, or a conbination thereof. To form
the | enses of the invention, 15 the inner-nost |ayer nmay be forned by
casting asrod of Smtikrlyathessfmathgaldesdyrbecused &f digee tthese fiantiex iraiee ofhaci ng t he
rod in the center of a nold. The next |lower refractive .index terial is

di spensed i it BRI SUERES BAIXRRas! PRRETY @a};,n@[:té)stge dﬁﬁyedg]év?lgg%at ed to add
t he desired ReY ' agt, ' - an

i ntraocul ar E{a‘gns f@%&d %yrﬁéﬁc%gyrgﬁ%ﬁh%b%gﬁgvgﬁ} *éﬁgér%qﬁﬁ(geﬁg ,IQ(E:({JHte, and 20
machi ned t o rhaterizla, the dekiedtrefraftivadtdexenaynokeobthiand by Abd ef palty(dimlethyldam nar

fl ow m xed daqsi nlg may_ he used Ln whi ch at |east two nononers of different
refractive iMgaXMsYILs¥apsodNGMaET3h i ne nixing into a nold, di spensing
the low ijpdex material prior to the high index naterial. The flowrate is 25
adj usted so that no m xing occurs in the nold. The dispensed material then
is cured The matenals used to form the lens may be polymerized by any known

means, such as thermal, photochemical, or radiation cure using any suitable initiator
including, without limitation, a thermal initiator, a UV initiator, a visible light
initiator, and the like, or a combination thereof. To form the lenses of the invention,
15 the inner-most layer may be formed by casting a rod of matenal of the desired
refractive index and placing the rod in the center of a mold. The next lower
refractive index material is dispensed into the mold and polymerized. The process
may be repeated to add the desired number of layers of varying refractive index to
form an intraocular lens blank. The rod then is removed from the mold, cut, and

20 machined to form a gradient refractive index lens.

Alternatively, laminar flow mixed dosing may be used in which at least two
monomers of different refractive index are dispensed with inline mixing into a mold,
dispensing the low index material prior to the high index material. The flow rate is

25 adjusted so that no mixing occurs in the mold. The dispénsed material then is cured

to produce a linear gradient index lens.

The conditions under which the materials are cured will depend on the
method selected to produce the lens and the materials being used to form the lens. It

30



to produce a linear gradient index |lens. The conditions under which the
materials are cured wll depend on the nethod selected to producezmml N5
and the materials being used to formthe lens. It 30 2 4 MM 2005 ~

02/ 34158 PW0 UE1329733 5 is within the skill of one of ordPEEU§0IEINIZ i n
the art to determne the precise cure conditions. 5 1In formng the |ens,
the flexibility of the naterial beconmes nore critical as one noves fromthe
i nner-nost |ayer to the outernost |ayer, the outernost |ayers being the
nore flexible. This nmay be controlled by a nunber of factors including,
without Iimtation, the glass transition tegrperature, nodulus, and water
content of the material. In formation of the |ayers making up the |ens, the
conpatibility of one 10 |ayer with another to be added to it nmay be

i ncreased by t rseaithmerihe sksliohorgsobyrdinarasi i itleaarhordeterpnnothetpsecagediurg on of
the next layer. The |enses of the invention may be anchored within the | ens
capsul e by anyCO B means such as the use of haptics. Additionally, a
phot oreactive tissue 15 cenment nmay be used including, without [imtation,
(fibrin, cyanoacryl ate, photo- curable gelatin, and the like, or

combi nati on$ t her eofin faveansthe densatheHtaximyty dlcthe matesed bedanpesimenssridigad af or
both fixed and accommogdating. | enses, are | known. . The | enses t he

i nvention nmay BB PSPy ?rgdﬁ(?wngrﬁgxo %%V%rnt\éﬁh? BUIKHP e h?yﬁ{’r%g%%ll%gposﬁaé'ﬁrsses are
typically inpl gahgtheteft fexitiBeTRRUBEY BE cOHtrdlRALS E RimSh T PRdtors Hicl@iing of a
20 variety of positions in or on the cornea. In Fig. 1 is depicted |lens 10

of the inventi vnthoukhmitatipnhthe glarsdramsiion|tepperatute, mhedulysg and mwatar gententeofi ndex
of 1.50. Layer 12 overl | ayer nd is ofa refractiye index.of 1. 49.
S arly, | ay e SomfRih oddreRyers it e 36, G seutheOEIGY obsronch
having a refor agdyer ®ithR€6ke0lb bt Aded tdlit lmfybe mBRRGGII M ment, such as by

plasma treatment, prior to addition of the next layer.

The lenses of the invention may be anchored within the lens capsule by any
known means such as the use of haptics. Additionally, a photoreactive tissue
15 cement may be used including, without limitation, {ibrin, cyanoacrylate, photo-
curable gelatin, and the like, or combinations thereof. Means for anchoring the
lenses within the eye for both fixed and accommodating lenses are well known.
The lenses of the invention may be implanted in any region into which intraocular
lenses are typically implanted such as the anterior or posterior chamber, or any of a

20 variety of positions in or on the comnea.

In Fig. 1 is depicted lens 10 of the invention. Lens 10 has innermost layer 11
having a refractive index of 1.50. Layer 12 overlays layer 11 and is of a refractive
index of 1.49. Similarly, layers 13 and 14 overlay layers 12 and 13, respectively,

25 each having a refractive index of 1.48 and 1.47, respectively.

In another embodiment, the invention provides an intraocular lens for an
individual comprising, consisting essentially of, and consisting of an anterior and a
posterior surface, wherein one or both of the surfaces is suitable to substantially

30 correct one or more wave(ront aberrations of the individual. In yet another



I n anot her enbodi nent, the invention provides an intraocular lens for an

i ndi vi dual conprising, consisting essentially of, and consisting of;apy 2005
anterior and a posterior surface, wherein one or both of the surfaces is
sui t abl ew@onsasg antially 30 correct one or nore wave froneCrbsswAarions of
the individual. In yet another 2 4 MAY 2005 WD 02/34158 PCT/ US01/ 29733 6
enbodi nent, the invention provides an intraocular |lens for an individual
conprising, consisting essentially of, and consisting of a refractive index
gradient, an anterior surface, and a posterior surface, wherein one or both
of the surfaces is suitable to 5 substantgally correct one or nore ocul ar
wavefront aberrations of the individual. COcular wavefront aberrations,
generally, are wavefront aberrations of the eye that are departures froma
spheri cal waeabodirhenatthainyveptisn ptotidesrantiieacsalefens fifr.anTihdividilahssmprising,
description of these aberrations are spheric?l aberration, astigmatism

coma, 10 andopygingresseptiallnof andsongsting okarsragseradsXosradienl; 3a antenor

mat hemat | cal i8R 6hd PBGkiehio suPRIR! fercil ShEdr 6B it RPRYAORIA S to
o) érformng

Appar at uses for per the abérration neasurenents 1 nclude, wthout
limtatior ablestamziigpesectdeeiotesort bailanwasdiront asatadond bf tMedndiaidueln Tr ansf er
Function by point spread or line spread, or any simlar devices that
nmeasure, estinmate, interpolate, or calculate the ocular optical wavefront. A

sui t abl e aber r osc qpsuldravavefiohyabgrabichs, idegeralpn oty wawdfitont bberpatdink abthe elye om
Wavefront Sciences, Inc, Al buquerque, New Mexico. Preferably, the
i ntraocul ar I3 aesdeppriures fromyg splerinal wayeient atanypositigeonghe may efipnteflhent

aber rat i ons. c?agsiya sclnﬁnﬁﬁ%f mesé Q&?Hrﬂ%%gE{a%@h%%%aﬂ%ﬁh&“%ﬁ gr‘rﬁti%o&jn?f
mul tifocal correction. For exanple, Th the case 0 € designing of "an
accomodatd n@nd distsréiesul ar | ens, the wavefront neasurenent of the eye may be
carried out by providing the lens wearer visual targets at at |east two

different distances, a first and
Altemnatively, the aberrations may be mathematically described, for example

using Zernike polynomials. Apparatuses for performing the aberration
measurements include, without limitation, aberroscopes, devices that measure ocular
15 Modulation Transfer Function by point spread or line spread, or any similar devices
that measure, estimate, interpolate, or calculate the ocular optical wavefront. A
suitable aberroscope for carrying out the measurements is available from Wavefront
Sciences, Inc, Albuquerque, New Mexico. Preferably, the intraocular lenses of the
invention correct high order ocular wavefront aberrations. |
20
The lenses of the invention may be designed to provide multifocal
correction. For example, in the case of the designing of an accommodating
intraocular lens, the wavefront measurement of the eye may be carried out by
providing the lens wearer visual targets at at least two different distances, a first and
25 asecond distance. For example, one target may be provided in the lens wearer’s
distance vision zone, the target being about 15 feet or more from the eye. A second
target may be provided in the near vision zone, the target being about 30 to about 50
cm from the eye. Preferably, a target also is provided in the lens wearer’s
intermediate vision zone, the target being about 50 to about 80 cm from the wearer’s
30 eye. Itisknown in the art how to utilize available devices available for aberration

measurement at far, near and intermediate distances.



25 a second distance. For exanple, one target may be provided in the | ens
wearer's distance vision zone, the target being about 15 feet or)goyg Mom
the eye. A second target nay be provided in the near vision zone, the
target bewgoabkaygs 30 to about 50 cmfromthe eye. Preferabtypysa/asget
also is provided in the lens wearer's internediate vision zone, the target
bei ng about 50 to about 80 cmfromthe wearer's 30 eye. It is known in the
art how to utilize avail able devices avail able for aberration measurenent
at far, near and internediate distances. 1 4 MAY 2005 WD 02/ 34158

PCT/ USQOL/ 29733 7 After the aberration neasurenents are obtained, the
nmeasurenents are mathematically converted to a height difference thus
providing an el evation map 5 above and bel ow a desi gnat ed nean sphere

val ue, known as the optical path difference. Correction for the aberrations

wi Il be provided by |ntroduct|on of an optical p éh di fference, or
aberration inverse ffiptigea ?%P“Gf%@?@“c"ﬁé“ﬁ?@?'@? itBREeATHEMENIS @ffe ocul ar

aberrations. matﬁpﬁagw¥%0§1 ngheqltI, é%éﬁﬂg&zfegéﬁ WRRDro AN H& 2B nfipsi T ed

| ens. The data ma ransf or ne pattern Of arectlll ear,
pol ar concent rabcye and Babwai dds@hamd mean splre eslperiduown dshiheroptibaljasim by whi ch
the surface of the |ens, a nold used to formthe | ens, nmay. be tooled

using a conputcgffeﬁ?ﬂﬁ%rcen%wprf%ﬂ the gbgrratiqns yill ke geovidedhy 'Pga@l‘i"‘r‘@ﬂ RAnges in
the lens' surf zéﬁ!wa‘?l‘(a fe?ehe®l o %Qﬁ’ﬁ J'n%@zf\gé AME, B bRGHE o‘?gto% Eﬂﬁet

aberrations nmm i ncor orate onto the front sur surf ace,
or a conbi natthencmlbeﬂm@ﬁatmﬂm t he cases in which the Ienses of the invention
are nultifocal, one or both of the front, or convex, surface and back, or
concave, surface of the lens may contain 20 an optic zone that corrects the

| ens wearegys ocul a’fhé"@dﬁ%&@d"&xfi@fkﬁ&és@fr& ﬁ&ﬁi tByoﬂaéfh%%gxemﬂg THMta may
optionally |nterrred|ate VI sl on n an alternative enbodi nent aberration
correcti on maybeteardiforneddnhed peepatteheof a meotiliacal, fedalcoscerftac,es spiral format

to correspond to the mechanism by which the surface of the lens, or a mold used to

form the lens, may be tooled using a computer numeric controlled (“CNC”) lathe.

The required changes in the lens’ surface elevation or slope to achieve correction of

15 the aberrations may be incorporated onto the lens’ front surface, back surface, or a

combination thereof.

In the cases in which the lenses of the invention are multifocal, one or both
of the front, or convex, surface and back, or concave, surface of the lens may contain
20 an optic zone that corrects the lens wearer’s ocular wavefront aberrations for
distance, near, and optionally intermediate vision. In an alternative embodiment,

aberration correction may be divided between the front and back surfaces.

In addition to wavefront aberration compensating surfaces, one or more
25 surfaces of the intraocular lens may be of a geometry that substantially corresponds
with that of the iens wearer’s cornea. The comeal topographic data for the lens

wearer may be acquired using conventional topographers.



In addition to wavefront aberration conpensating surfaces, one or nore 25
surfaces of the intraocular lens may be of a geonetry that substantially
corresponds wth that of the |l ens wearer's cornea. The corneal topg ngqgc
data for the lens wearer may be acquired using conventional topographers. a
2 4 MAY 2005 What is clainmed is: 1. An intraocular lens, conprising a
refractive b%dggcgﬂgghent conprising three layers of materials of differing
refractive i'ndi Q&€ Wharein the Iens provi des nultifocal correction. 2. The
intraocular lens of claim1, fwther conprising about to about ] 2 | ayers of
materials of differirg refracti.ve i?dices. 3. The intraocul ar |ens_of claim
1, wherein, ' f FORTRRSY AR ST FOEPTITAY BIIBFVE HISeX 8REIPEONILS g (i7ET Bedt Of ayer

the refracti vendidithiCasi@drink e dcayeh gicdsangeeh Hemeaesitidsk dtifoealabeedtiol. 38.

4. An intraocular lens for an individual, conprising an anterior surface, a
posterior surface and a refractive index gradient conprising three |ayers of
material s of dithatbifadiELAChING futfllb85isilIBORINoQB 0 IBALIALrd R
surfaces is suitable to substantially correct” one or nore high order ocul ar
wavef ront aberof diffeong raffactiveendiesdi vi dual . 5. The intraocul ar lens of claim 4;
further conprising about 3 to about 12 |ayers of materials of differing
refractive indices. 6. The intraocular lens of claind, wherein, fromthe

i nnernost | aydheaftrabhdad lenof i § svhegut, dronost inhayerss laydiof feflemcd itve 1 ndi ces
o P e ® pnge LEanLebe ol BB Lo SR B S o o0l [AgepLr | ene
substantially corresponds to the individual's corneal topography.

4. An intraocular lens for an individual, comprising an anterior surface, a posterior surfacs
and a refractive index gradient camprising three layers of materials of differing refractive
indices, wherein one or both of the surfaces is suitable to substantially coirect one or

more high order ocular wavefront aberrations of the individual.

The intraocular lens of claim 4, further comprising about 3 to about 12 layers of materials

un

of differing refractive indices.

6. The intraocular lens of claim4, wherein, from the innermast layer of the lens to its

outermost layer, the réfractive indices of the layers range from about 1.52 to about 1.38

~)

The intraccular lens of claim 4, further comprising one or more surfaces of 2 geometry

that substantially corresponds to the individual’s corneal topography.



