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Jeffrey WWORD32185 BACKGROUND OF THE | NVENTION Field of tRET $on: The
present invention relates to intraocular |lenses to be inplanted onto a
natural 5... or artificial lens in the eye to nodify the existing |ens

system of the eye conprising the. cornea and a natural or existing
artificial lens. Mre particularly, the invention relates to an intraocdar
| ens having either a substantially non-refractive configuration with a high

m'nus portion at its center, or apgtggs%\g?ﬁ&ﬁbﬁy non refractive prismatic or
other diffractive configuration, and ch is adaptable for inplantation

in the eye to nodify the natural 10 lens or an existing artificial lens to
be adaptable to function as a teledioptic lens or diffractive |ens,
respectively.- WO 01/32105 PCT/ US99/ 25857 .-2- ‘Description of the Related"
Art: A normal anetropic eye includes afenrnea, lens and retina. The cornea
and lens of the normal eye cooperatively focus light entering the eye from
a far point, i.e., infinity, onto the retina. However, an eye can have a
di sease known as macul ar degeneration 5 which can greatly degrade vision.

Macul ar degeneratio | i f blindness in
adults. This di seagré@fgg Y%ﬁ%ﬁ‘%ﬁ?m@m as the macul a
which receives light fo [ Rd acute vi si on.

Macul ar degeneration can lead to a -gradual or sudden |loss of vision to the
| evel of 20/200 or |less. Conmmonly, |oss of vision
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BACKGROUND OF THE INVENTION

Field of the Invention:
The present invention relates to intraocular lenses to be implanted onto a natural
‘5 or artificial lens in the eye to modify the existing lens system of the eye comprising the
" cornea and a natural orexlstmg artificial lens. Mo'ré.l.)articularly, the irivention relates to’
an intraocular lens having either 2 substantially non-refractive configuration with a high
minus portion at its center, or a substantially non-refractive prismatic or other diffractive
configuration, and which is adaptable for implantation in the eye to modify the natural
10 lens or an existing artificial lens to be adaptable to function as a teledioptic lens or
diffractive lens, respectively. | ' .



10 only affects the central retinal area of about 0.25 to 4 square

m | 1'i met 4§ o1/89165 does not . usual |y progress beyond this arpgrnshgissdy

| eavi ng 95-99% of the retina unaffected. Thus, reading and driving vision
can be lost, while peripheral vision reamins intact. U S. Patent Nos.

4, 666, 446 and 4,581, 031, both to Koziol and Peyman, and both of which are
i ncor porated by reference herein, each disclose intraocular |enses which
are 15 i ' e in place of the natural lens to redirect the
rays of | LG4 adver se affect on vision caused by the

macul ar degeneA%bkﬂElﬁﬁeti‘&iﬁc gyeSincludés £26HIR], fons abl Petird3a UEHY cdMiea hdAeks 946

di scl oses an intraocul ar | ens conprising a first portion includin
di ver gi nght aosmalneyexcoopemtivelpdocusdight entenagrhe sye frome adampoint e, ﬂllgslty,
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| ens. gry:gﬂ M'ﬁ ecreased visual acuity due to the macul ar
degenerat | on t!%‘u Wéﬁlso al\?e unrestricted peripheral vision. The

di verging | ensMamlaﬁdz?emktﬁm harhécombene obthzi Iaaﬂng\cmsesaofdﬂmdaesgmgdtlms
posi ti oned out5|de o

he eye, (e, g spect ac ns tovides a
magni f i edl hirglissass; atfe e"&§€'€l W%Pf& Jenaws, 3{) 4‘9@[ ’c'fcﬁll"gsu]elght :
field. T ref thls age.u r-I t
| ens sys &AWC ep“‘r 5n%ayg§d ?‘%‘e gt I’ltLWI ?%ﬁuﬁ{]%% ‘6"?2‘ an&rr%gfrél 3 but
peri pher ?rﬁd’ual' BE &idcreh%@%fwlsicbxofb tHe 160 o fzo;ezbotbtt legge Coptinoslly| Joss eﬁmmt ed
Vi si on. Pat ent . 4,581,031, discloses an intraagcular |ens including

a cofvex quly taffeats thmcbxnraqb retinahares ofcabolb A25 et sqyme nuﬁln@@memd) dpesnmeti ¢
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undi seas &&ngﬁsslﬂaa acw ty. WO
01/ 32105%%&8%&%%%%% be(llagzﬂlsiggg%ﬁg\g}aél%@ S. Patent Nos. 4, 666, 446
and 4, 581, 031 U Payend Nsl 9;566144faand #,581,63% bovnta Koaiod apdrﬂe'ymahaan bqnbs of

I itraocul ar | enses.in plac [ he natural |ens to.redu hea
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prismatic or teledioptic capabili t I es di scussed, above tqQ correct for
macul ar dUdsnBatenti d¥o.i H66hé4tediscloses an intraocular lens comprising a first portion

including a diverging lens and a second portion including a converging lens. The

converging lens provides the eye with substantially the same focusing ability of the natural
20 lens prior to implantation of the intraocular lens. Thus, the eye will have decreased visual
acuity due to the macular degeneration, but will also have unrestricted peripheral vision.
The diverging lens, on the other hand, when combined with a converging lens positioned
outside of the eye (e.g., a spectacle lens), provides a magnified image with increased visual
acuity but a restricted visual field. Therefore, this type of intraocular lens creates
25 teledioptic lens system, which provides the patient with the choice of unmagnified but
peripherally unrestricted vision or magnified but peripherally restricted vision.

U.S. Patent No. 4,581,031, discloses an intraocular lens including a convex portion
and a prismatic portion. The combined convex/prismatic lens directs rays of light away
from the center of the retina that has been damaged by macular degeneration, and focuses

30 those rays onto an undiseased area of the retina, thus providing greater visual acuity.



U. S. Patent Nos. 5,098, 444, 5,366,502, 5, 358,520, and 4,932,971, as well as
wor | d w6 bE: sappl i cation WD 94/07435, each disclose thglegbsdopsdshonwn to
attach ‘a supp?emant al lo intraocular lens to an existing artificial

i ntraocular lens to correct for ongeidrg degradation of vision. That is, if
the ability of the eye to focus grows worse over tinme, instead of

replacing the entire intraocular lens with a new intraocul ar | ens having a

attached t o AEel SR U5 Fhagitifef Toahdte sl AP PR elBRAR o e
A g o i g et e b
, 000, : : : .patents " discloses a sugPI enent al

i nt raoceduge the adverseaatfectinf mmcalat degendrationt ore vision. r Howevess nesthenof gl st i ng
artificial |ensg to,nnake i}g@ | ens adaptable to functioaﬁls a teledioptic or
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provi dehdeye, oo lcaarnd fins isystém drvingrthe prisnfatic or neledibytio capabilities tiscussed ens of

an existing artificial lens in an eye to correct _for macular 25
degenenrbovesn corveen for magul el@ﬁra‘%%“vhé%t invention is to provide an

i nt raocul ar s f [ at i (Nt e_ 10 =AY I /St em of .
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I N the ;oxg ﬁﬁﬁc&i&@m@wms,seaam disclobthaf 416 khows t8amach & ehplerapical | ens
system wni ch,” when used w thout an external |ens, provides unmagnified 30

ango pe inyedvenkr lens uo ae sxisiing atifiviakinoraoaar lang torcorigpior @ngeingi Kt ernal
| ens, pr.ovides,_ nagnified,and peripherally restricted vision-.tQ corgect for
macul ar%fd’%em;‘@? gn‘g%aéﬁﬁﬁégdge gfﬁ'F?Jg@%‘f BERES, WOpse NSt ﬁ@e’dﬁﬁgﬁc’%f the | =

i nvent i on i ' PP UEROGHIER Snfricul Pl tavingNa differelie eye to
nodi fyrgﬁ%é@%tﬁge%%gée%%ﬁ%iﬁ lé‘;?/sg con%rl:lﬁpng t he cornea air?g %he natural or
an exi sbfritgivar povwersiAlsupplamental timraceylart lens raaat be aavlached g sthenexisting)
redirects rays_ of Light away fraom a,diseased portion of the retina in the
eye andn densn ddis techpiqusis Igsspvastye ﬁ’é%@ﬁ‘té?%m @€¥%t i na. o

15 However, like U.S. Patent Nos. 4,666,446 and 4,581,031, none of these patents
~ discloses a supplemental intraocular lens that can be attached to the natural lens or an
" existing artificial lens to make the lens adaptable to function as a teledioptic or diffractive

prismatic lens of the type described above. Accordingly, a continuing need exists for a

supplemental intraocular lens having these capabilities.
20

SUMMARY OF THE INVENTION
An object of the invention is to provide a supplemental intraocular lens for
modifying the natural lens of an existing artificial lens in an eye to correct for macular
25  degeneration. ,
Another object of the present invention is to provide an intraocular lens for
implantation in the eye to modify the lens system of the eye comprising the cornea and
the natural or existing artificial lens in the eye, to create a lens system that functions as a-
teledioptic lens system which, when used without an external lens, provides unmagnified
30  and peripherally unrestricted vision and which, when used with an external lens, provides
magnified ;nd peripherally restricted vision to correct for macular degeneration.



A further object of the invention is to provide intraocul ar | enses of the
types desowniBsads above whi.ch further include fasteni ng nenipermsedsss7 enabl e
t hose intraocular |lenses to be secured in the eye. A still further object
of the invention is to praviide intraoctdar |enses:of the type 1 o

descri bed above which are capabl e of being secured directly to the. surface
of the natural or existing artificial lens in the eye. These and ot her

obj ects of th%&na%w @ GFiRe AVEhGUE E BYprovidy 'aﬁ'iﬁﬂ’a@c\ﬂi‘ﬂm%glantatiqn
intraocul ar lens whichH 1s substantially "non-refractive except tor a high

m nus porititheey to medify ehe kens systen ofi g ereesotgprising thecomearandahe nasiral or
adaptabl e for jnplaptatjon, in the eye in 15 addition.to the natural.lens or
an artif iaeieamsumsr?sﬂgwglefsm/wp &1 tOj %e%éjlmvw% reslineets rays eh light
nodi fies th S . [1S) ur al
or exi ot 1417 P SUPAP b B THE reBRY U B 0P (6Bt ol b el U

t el edsoptyndiseRBd aex of tha re@ipeci fically, the supplenental intraocular |ens

provides substantially no refractive power when used without an external

| ens, thus prAifuithgr ohjeatynf the thventomns ¢a tprovide dnyaodulsrdenses \of shertyp@0 On
t he ot her, hand, en_conbi ned w conver gi | eps, posj tipned outsi,de of
Lhe oye. derdetbedalve T HAED JOeT Birle TetRine piorRE Y Hich eRapls SR AR O

di ver ges lErQ@s&)%Vﬁ&ﬂje@%ﬂﬁye?e. of the light and projects the diverging rays
onto an area of the retina to provide a magnified imge with a

peri pheral |y r&stillifafther dbjettcbfahe mventiod hieseprviledinbraoculiny lenses ofnke typet her

achi eved by praqviding, an intraocular, lens 25 having a pris haped or
ot heR0di fdesmhed\ahomwb@ﬁrwgbls ofbeing, ﬁqcarqdﬁ?wsﬁy@ thecsurises %Q@iaernamrair@
i ntraocul ar_.J ens.of {thi is inserted in the eye to -nodify the _
exi st ng_%ﬁﬁgggﬁﬁ&wmﬁnﬁég%«gye, conpri sing the cornea and the natural or
an exi sting arfhdsk ghdbtHe® Bbjetts of He: B¥éhtidmOare Gélidved by prodidingsl sippldmentslt em
that directs the rays of light entering the eye onto a portion  of the
reti na diihtreomir lensowhichas substantiallyi nxin-refractieeyescept domid hightrathusiporian atiitse
prism 30 shaped..j ntraqcul ar. lLens. .In particul gr, .the rays are directed to a
o £ 1 on_ ERtche. TEA SYBPIABEAAL RGEHah Jeaneit HSRat fo SRERATHON B ) 7% 185
PCT/ Yg99/ - ‘ ni ! I
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teledioptic I1ntraocular |ens, eac can be a
or arti filehsinolifiestiwl lewsgyytennof the eps; eomptlisingahe estnby and the natural or existing

artificial lens in the eye, to be adaptable to act as a teledioptic lens system. Specifically, the

supplemental intraocular lens provides substantially no refractive power when used

- without an external lens, thus providing unmagnified and unrestricted peripheral vision.

20  On the other hand, when combined with a converging lens positioned outside of the eye,

the high minus portion of the supplemental intraocular lens diverges the converging rays

of the light and projects the diverging rays onto an area of the retina to provide a
magnified image with a peripherally restricted field of view.

These and other objects are further achieved by providing an intraocular lens

25  having a prism-shaped or other diffractive portion with substantially no refractive power.

The intraocular lens of this type is inserted in the eye to-modify the existing lens system

of the eye, comprising the cornea and the natural or an existing artificial lens in the eye, to

create a modified lens system that directs the rays of light entering the eye onto a portion

of the retina different from that onto which the rays are directed without the prism-

30 shaped intraocular lens. In particular, the rays are directed to a portion of the retina not

damaged by macular degeneration.



an adhesi ve, or can each include fastening nenbers, such as haptics, which
secure twgpiispgaocul ar lenses to the eye. 5 BRI,EF»DESCRIIPJIIIQE%%SS‘I;HE“ '
DRAW NGS These and ot her objects and advantages of thé present I'nvention
will be nore readily appreciated fred4he follow ng detail ed description
taken in conjunction wth the |0 acconpanying drawings, in which: Fig. 1
IS a cross-sectional view of a normal anetropic eye illustrating, anong

ot her thi ngsg t;t]%n.‘é s L I 0, e is.a front view
of an exanpl ?hgf a %@%gcmgldg@ﬁ%p éﬁ%%&%ﬁ?&é@%@%&%@"ﬁ% gto
an enmbodanrbe arashed ireplyesetiie ianwahbor amificiableal alreadyuitheefré add vechfid byl5 |
refractive except for a high mpus portion at its center, and is used to
conver t anadhesive, 0 can|eagh; inplu ping imembers,i such jag | haptiess which sesues/ths nto a

| ens having tel edioptic capabilities; Fig. 3 is a cross-sectional view of a
bi_-concé‘e}égjgﬂ'%ﬁfeélﬁféﬁ? €traocular lens as shown in Fig. 2, Fig. 4is a
crosg-sectional view of an eye having a bi-concave suppl enental 20

i ntraocul ar lens as shown in Fig. 2 positioned on the natural |ens of the
eye; Fig. 5 is a cross-sectional view taken through the eye directly behind

the iris to further WF I I ocul ar | ens L
posi tioned on the nat Q@&M Fig. 4, Fig. 6is a
cross-sectio Vi eve, | ﬂ%l:g i egd. i = 25

concave supp@ﬁ%en%'rgq%ﬁ%{?d;é%él aér%dﬁl%%ns : g ‘s’ﬁg\ﬁ‘hpﬁg&ﬁu‘g{? ,Ea%gfvl\)ngtrﬁov%ni ch a
spect ack@dilgnppreciateddiaitl the fsllowifg getailed des@riptionnaken BVeodjurittibh awich digncave

suppl enental 1 ntraocu] ar | ens according to an enbodi nent of the present
i nvEDt | eecompangingidsavipgsimmiicd: | v non refractive except for a high minus

portion at i enter., and which is used:to convert <t he natural |ens or an

50" exi st ng &0k i1t ek Renaid e o a Y3l el BOPIE il dribnesife. " "

capabi | m;ngﬁmy@rgamlmu@@/egww -6 .Fig. 8 is a cross-sectional

vi ew of theé piano-concave suppl enental intraocular |ens '
Fig. 2 is a front view of an example of a bi-concave supplemental intraocular lens

according to an embodiment of the present invention, which is substantially non-
15  refractive except for a high minus portion at its center, and is used to convert the natural
lens or an existing artificial lens in the eye mnto a lens having teledioptic capabilities;
Fig. 3 is a cross-sectional view of a bi-concave supplemental intraocular lens as
shown in Fig. 2;
Fig. 4 is a crosssectional view of an eye having a bi-concave supplemental
20  intraocular lens as shown in Fig. 2 positioned on the natural lens of the eye;
Fig. 5 is a ¢ross-sectional view taken through the eye directly behind the iris to
further illustrate the supplemental intraocular lens positioned on the natural lens of the
eye as shown in Fig, 4;
Fig. 6 is a crosssectional view of an eye into which has been implanted a bi-
25  concave supplemental intraocular lens as shown in Fig. 4, and with which a spectacle lens
is being used;
Fig. 7 is a front view of a plano-concave supplemental intraocular lens according to
an embodiment of the present invention, which is substantially non-refractive except for a
high minus portion at its center, and which is used to convert the natural lens or an

30  existing artificial lens in the eye into a lens having teledioptic capabilities;



as shown in Fig. 7; Fig. 9 is a front view of a bi-concave suppl enent al

I ntraocul L(? as shown.in Fig. 2, having a pair of happigaisheisg§£Ccuri ng
t he suppl‘gﬁg %ﬁsbi -concave intraocular lens into 5 the eye; I§|Bg % is a
cross-sectional view of a.biiconcave ini6aocul ar l.ens as shown in Fig. 9;
Fig. 11 is a cross-sectional view of an eye showi ng the relationship
between the natural |lens of the eye and a bi-concave suppl enent al

i ntraocul ar | ens havi ng haptics._as | n Figs. : ' been
i npl anted in ﬁ}& égifea' C@ﬁ*&&“@Wsogﬁgﬁ%%ogggﬁoﬁgP ﬁ@‘%géva??natg@n ? %%gh
the eye diussbhmPghynd the iris to further illustrate the supplenental

i ntraocul ar | ens having haptics as nounted to the natural |ens of the eye
as shown in FiRjg. 9lis a frany viewBof sbisconcavatsupplemental intrapeulaclensasshowarin Fig.
configured,far inplantatipon_.into an ,eye i | ace. of the.natural,lens of
Lhe eye: 21 baving 2 bpir pLhaprict frrcsecuits U PPoiPERRt Di-vRACHYR JRUB0GHaT leng Aioch o
I n Fig. {g %y’_ch Is configured as a bi-convex lens; Fig. 15 is a
cross-sectf &nal view of an alternate configuration of an intraocular |ens
of the type siRiyn0iifatids-sekfionalhiedhofobi-donesvedmpiooylar dehsas skovat anBigcBnyex
lens; Fig. 16 is a cross-sectional view of another alternate configuration
of the 20 intFigotlisa ctasmsectoralryigw ofiag. eye showingntherre hip herwieen thes

o 0ss- SecRALfens OF e Y. § b-Fortave, e Blrmo . ekt faving habice,
i“tfaocugsﬁawh%ﬂ%a sFb Ond 18 WiiCRhad 8 idmPhhtediakhyémw of an eye into which is

i npl anted. a bi -cdnvex 25 I ntraocul ar |ens, and }\%ﬁl ch further includes a
supphenent al Figctihizay erossdetticmaliview takes thrmgh shoeye diredtlygbelindvbhecirishias
been attached to the existing intraoculgr |eng;, Fig, 19 is a

cr oss- sednrtbemillustrate F@K@%PP@QW%\E@}H“F%@‘:@%L&F ﬁ'@&’ﬂgyh%’r?ﬁ 78 mawntedito the

further Ieflﬁ‘l':'éj}%“;ﬂ%é §€(ﬁ§1§?¥€%ﬂ%§%€%% .mel enental intraocular |ens as

posi tion _ _ I - cONvex 1ntraocu!ar lens in the eye as shown
in Fig. 18; 30piEl 1B is2Dfrofic et ofdr hrfibtalanleny configiired for imydariatiod o ann

Fi'g. 18, further illustrating a cross-section of a spectacle |lens placed
in front eyein plhceoftheaanirallems ofythe eye;
15 Fig. 14 is a cross-sectional view of the intraocular lens shown in Fig. 13 which is
configured as a bi-convex lens;

Fig. 15 is a cross-sectional view of an alternate configuration of an intraocular lens
of the type shown in Fig; 13, which has been configured as a plano-convex lens;

" Fig. 16 is a cross-sectional view of another alternate configuration of the
20 intraocular lens shown in Fig, 13, with the intraocular lens being configured as a concave-
convex intraocular lens;

Fig. 17 is a cross-sectional view of an eye into which has been inserted a bi-convex
intraocular lens;

Fig. 18 is a cross-sectional view of an eye into which is implanted a bi-convex

25 intraocular lens, and which further includes a supplemental bi-concave intraocular lens, as
shown in Fig. 2 which has been attached to the existing intraocular lens;

Fig. 19 is a cross-sectional view taken through the eye directly behind the iris to
further illustrate the bi-concave supplemental intraocular lens as positioned on an existing
bi-convex intraocular lens in the eye as shown in Fig, 18;

30 Fig. 20 is a cross-sectional view of the eye as shown in Fig. 18, further illustrating a

cross-section of a spectacle lens placed in front of the cornea of the eye;



WO 01/ 32105 PCTI US99/ 25857 -7 Fig. 21 is a cross-sectional view of the
suppl engyih gis32168 raocul ar I ens having haptics as shown inp Emmgﬁsfmd" 10,
i npl anted on an exi sting biconvex intraocular |ens; Fi'g. E 1's7a
cross-sectional view taken through the-eye directly behind the iris to
further illustrate the supplenental intraocular |ens as positioned on an
existing bi-convex 5 intraocular lens as shown in Fig. 21; Fig. 23 is a

suppl enent al Pt} Bt recond i BF AR ayBelsten L ik arden et piting B ot
i nvent i @3howhln Fig. 9 $ad10; ifilinézd GhiAastink Biﬂédhfvei hftrRthaFealiared -

suppl enental intraocul ar le as shown in Fig. 23; 10 Fig. 25 is a

Cross- sect i gl Hlm&&mmy‘lbvxem wken throngh thecey dipdceyehehind yhei isiswo shaped
I ntraoc r lLens as sho i n_Fi. nd 24 hein ositipned, on a natural.
l ens i o2 e subplenedual i anchlas I8 paMCOTEl DR 30 RisRE BUgER ove
directl; Ase shddns id Bi jprther illustrate the prism shaped

sup%l errl\ieitrlrtgg'{yl#ﬂ%raocs:{lﬁ u* ﬁs ds positioned on the 15 natural |ens of the

eye as showFigre3isg froth view of askairpleofcr abstantdly wointefratitvy prisndshapeé¢ havi ng
a bi-convex intraocular lens ipgplanted therein, and further having a prism
shaped sypphsmn@huammﬂw lam@n&ngeﬁwbosinpm of shepresent veationo4 nount ed

he bi I I k
Chr ough e e bisATDRyRRA e inf ch? prsiohdbsd sHomeRencl inccerviat LF) .~ "

pri sm siggpéen SWPR. exental intraocul ar |ens positioned on the bi- convex

intraocular |ens 1n the eye as shown in Fig. 27; Flg 29 is a front view
sha®i ng a erlgnﬁihapmﬁo&wmmbaaievmwl of anreaoaﬂlhsmauhgrt e shpplemgnmal prismal ity - of
hapti cs; 30 i,s @ Cross-sec

t he, pri shaped, suppl enent al |
Pt a0 b PEmeclS e SHATR 1 Figy 90 236 24 bPige PInPBed op AGeRRE ERF Bhal vi o
of an gyg ving a suppl enental prismshaped intraocular lens with haptics
as shown IM’Figs. 29 and 30 nounted to the natural |ens of the eye;

Fig. 26 is a cross-sectional view taken through the eye directly behind the iris to

further illustrate the prism-shaped supplemental intraocular lens as positioned on the
15  natural lens of the eye as shown in Fig. 25;

Fig. 27 is a cross-sectional view of an eye having a bi-convex intraocular lens
implanted therein, and further having a prism-shaped supplemental intraocular lens as
shown in Figs. 23 and 24 mounted on the bi-convex intraocular lens;

Fig. 28 is a cross-sectional view taken through the eye directly behind the iris to

20 further illustrate the prism-shaped supplemental intraocular lens positioned on the bi-
convex intraocular lens in the eye as shown in Fig, 27;

Fig. 29 is a front view showing a prism-shaped supplemental mtraocular lens
having a plurality of haptics;

Fig. 30 is a cross-sectional view of the prism-shaped supplemental intraocular lens

25  asshown in Fig. 29;

Fig. 31 is a cross-sectional view of an eye having a supplemental prism-shaped
intraocular lens with haptics as shown in Figs. 29 and 30 mounted to the natural lens of
the eye;

Fig. 32 is a cross-sectional view taken through the eye directly behind the iris to

30 further illustrate the supplemental prism-shaped intraocular lens having haptics which has

been inserted onto the natural lens of the eye as shown in Fig, 31;



Fig. 32 is a cross-sectional view taken t hrough the eye directly behind the
iris to ve@eimmbher illustrate the suppl emental prism shapedriusyemssul ar

| ens having haptics which has been inserted onto the natural lens of the
eye as shown in Fig. 31; WD 01/32105 P@F US99/ 25857 -8 Fig. 33 is a
cross-sectional view of an eye having a supplenental intraocular lens wth
haptics shown in Figs. 29%and 30 mount ed on a bi -cohvex intraocul ar |ens

The oyb t aken ract Py Banr e ae, ol erifhivings ShpienaRal LahRcoll Ri

suppl emewiied haptics rshéwhﬂpﬂd?lgs:lm andtlbanohmd oni 4 bi-tomyex dstracoubirdensoalréade bi -
convex intraocu ar | ens % shown in Fig. 33. DETAILED DESCRI PTI ON OF THE
PREFERREP® inehgeye; and Fi g. 1 is a cross-sectional view of a normal

106, o i} o Fatdn 8 iy Sesipil gl ph A esR AR Beh B e iy Aty 7
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the center of the ina 110 and i's responsible for providing acute vision,
such as comax imrsssiadensfasshatvn in Rig. 3%. reading. 15 As shown in Fig. 1,
light rays 114 are focused directly on the macula 112 by the cornea 102
and | ens 106. The cornea 102 has, on the average, 40 diopters of plus
power, and the |lens has 20 diopters of plus power. The conbination of the
cornea 102 and lens 106 therefore is equivalent to a very strong |ens of
60 diopters. THETAIL %DIDES@R]HH@N(DF THERIRREFERREDEEMBODIMESNTS on
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vi sion. However: the |ess acute peripheral vision remains 25 substantially
t he same lectddrat ahe cmeermdithesmt:henlmgx s oesponsible forgugeidingacutavisios, siick asissed

I i the background ? L Qn abovangl n an eye suffering from macul a
degeneratth@rmc‘ﬁs% @1 q5viBg of Fradingt i na i s damaged. The danmaged portion of

the fgtina dogg ¢own in Fig. 1, light rays 114 are focused directly on the macula 112 by the
cornea 102 and lens 106. The cornea 102 has, on the average, 40 diopters of plus power,
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and the lens has 20 diopters of plus power. The combination of the cornea 102 and lens
106 therefore is equivalent to a very strong lens of 60 diopters. The light rays 114 which
 enter the eye in a direction perpendicular or substantially perpendicular to the front
20 surface of the cornea 102 are focused on the macula 112 and provide acute vision. The
light rays 114 striking the cornea 102 obliquely are unfocused and provide peripheral, less
acute viston.

When macula degeneration exists, visual acuity is decreased, which results in a

blurred spot in the center of vision. However, the less acute peripheral vision remains
25  substantially the same as in an eye not suffering from macula degeneration.

As discussed in the background section above, in an eye suffering from macula
degeneration, a portion of the retina is damaged. The damaged portion of the retina does
not sufficiently detect the light rays being focused on that portion by the cornea 102 and
lens 106. Therefore, the person perceives an image with low visual acuity.

30 . As further discussed above, the adverse affect of the macula degeneration can be

minimized by using a teledioptic lens having a convex lens portion and a concave lens



not sufficiently detect the Iight rays being focused on that portion by the
cornea |l ens 106. Therefore, the person percei vegraikobsdkae W th | ow
vi sual "g‘gﬁ‘ﬂ?’g& 30 As further discussed above, the adverse af ??gt of the
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suppl ePEHYAPTPWD RBYPER ' Nns 116 can range between about 3 nmillineters .
and about 1‘I’hérbi-édd324ees{;§ lethegial BeQSEASK 06y 1160038, fod Scadtipfle, pMan6f as a i nus
| ens having a power ra %I ng between -30 diopters to about -120 diopters
dependiubgantialiyslaniiranrfaces hafing fecessed partions H@ adr120 shereinjiwhichiarkeashs of t he
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i suppl ene ocular T'ens in the eye, an _inci'sion is nmade
i Nt he11gae rypicdiygbotihEmillineedr ta abourr3anilimewrsin dizmeer, and themerallii t abl e

surgical device.. One sid —_
? diameter of the supplementaf intraocular lens 116 can range between about 3 millimeters

and about 10 millimeters. The recessed portions 118 and 120 act as 2 minus lens having a
power ranging between -30 diopters to about -120 diopters depending on the diameter of
20  the recessed portion, the thickness of the supplemental intraocular lens 116, and the shape
and depth of the recessed portions 118 and 120. However, the remainder of the -
supplemental intraocular lens 116 has no or substantially no refractive power.
To implant the supplemental intraocular lens in the eye, an incision is made in the
eye through the use of a microkeratome, laser or other suitable surgical device. One side
25  of the supplemental intraocular lens 116 can be coated with glue or any other suitable
adhesive. As shown in Figs. 4 and 5, the supplemental intraocular lens 116 is attached
directly to the natural lens 106 and is positioned centrally or substantially centrally on the
lens 106. Accordingly, this modified lens system comprising the cornea 102, the natural
lens 106 and the supplemental intraocular lens 116 functions as a teledioptic lens as
30 described in U.S. Patent No. 4,666,446.



25 of the supplenental intraocul ar Iens 116 .can be coated with glue or any
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intraocular Tens 116 is attached directly to the natural lens 106 and is
positioned centrally or substantially-déntrally on the Iens 106.
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portions 120) of the supplenental intraocular lens 116 acts as a
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having a refractive power from about -40 diopter to about -

intraocular lens 116 acts as a diverging lens system which causes the converging light rays
126 to diverge to produce a magnified retinal image 128 on the retina 110, This
combination of a converging spectacle lens 122 and diverging lens system comprising

20 natural lens 106 and supplemental intraocular lens 116 is known as a Galilean telescope.

As stated above, recessed portions 118 and 120 of the supplemental intraocular lens

116 provide a high minus lens having a refractive power from about -40 diopter to about -
120 diopter, but can have any power suitable for this application. The converging
spectacle lens will normally have a power from about +25 diopter to about +35 diopter,

25  but can have any power suitable for this application. The magnification provided by this
combination of a spectacle lens 122 and supplemental intraocular lens 116 can range from
about 2X to about 4X, depending on the power and vertex distance of the spectacle lens
122. The field of vision will also range from about 35° to about 45°, depending upon the
selected magnification.

30 The supplemental intraocular lens also can have shapes other than bi-concave. For

example, as shown in Figs. 7 and 8, the supplemental intraocular lens 130 according to



120 diopter, but can have any power suitable for this application. The
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to about + ﬁ‘sf)pter, 25 but can have any power suitable for t%
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Although the supplemental intraocular lens is shown as being either a bi-concave

supplemental intraocular léx_ls 116 or a plano-concave supplemental intraocular lens 130,
the supplemental intraocular lens according to the present invention can any suitable .

20  shape, as long as that shape functions to achieve the teledioptic effect discussed above
without pr(;viding refractive power (except for the high minus portions). Also, the high
minus portions need not be at the center of the supplemental intraocular lens, but can be
at any suitable location on the lens. Furthermore, as shown in Figs. 9 and 10, the
supplemental intraocular lens according to the present invention can include pair of

25  haptics for securing the supplemental intraccular lens into the eye. In the example shown
in Figs. 9 and 10, the supplemental intraocular lens is a bi-concave supplemental
intraocular lens 116 having a pair of haptics 138 and 140, which are made of a suitable
material such as surgical steel or the like. However, a supplemental intraocular lens
having any of the shapes described above can include haptics for mounting into the eye

30 100.



20 shape, as long as that shape functions to achieve the tel edioptic effect
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m nus portions). Also, the high mnus gortions need not be at the center
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I ntraocul ar | ens according to the present invention can include pair of 25
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i nsi gg t%d%@wh%ie&u&m}abah&%ﬁs 142 iblile @eleye! he intraocul ar |ens 142
can include a | ens aV|nﬂmany desirabl e shape. "For exanple, as shown in

Fig. 15, i ntr adsiskcomnaniy kae@n in the art, the intraocular lens 142 can include a lens
having any desirable shape. For example, as shown in Fig, 15, intraocular lens 150

includes a plano-convex lens 152, and haptics 154 and 156 which are attached to the plano-
convex lens 152. Alternatively, as shown in Fig. 16, the intraocular lens 158 includes a
20  concave-convex lens 160 to which are awtached haptics 162 and 164. Although not
specifically shown, the intraocular lens can be bi-concave, or have any other suitable
shapes as known in the art.
Fig. 17 is a cross-sectional view of an eye 100 into which has been mounted an
intraocular lens. As known in the art, the natural lens 106 (see Fig. 1) can be removed by
25  making an incision in the eye 100 with a microkeratome, scalpel, laser or any other
suitable instrument. The natural lens 106 can then be removed through the incision, and
the intraocular lens inserted through the incision and mounted in the eye. In this
example, the intraocular lens is shown as intraocular lens 142 which includes a bi-convex
lens 142. However, the intraocular lens can have any of the shapes described above.
30 As illustrated, the eye 100 includes a cornea 102, ciliary sulcus 108, retina 110 and
macula 112. The lens 106 has been removed, along with all or substantially all of the
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the supplemental intraocular lens 116 onto or proximate to the intraocular lens 142,

The supplemental intraocular lens also can be shaped as a prism as shown in Figs.
23 and 24. That is, supplemental intraocular lens 166 has front and rear surfaces 168 and
20 170, respectively, which are circular or substantially circular 1n shape having a diameter
ranging between about 3 mm and about 10 mm. However, the surfaces 168 and 170 can
be oval or any other suitable shape, and the diameters can be any suitable size. The
supplemental intraocular lens 166 has no or substantially no refractive power. As shown
explicitly in Fig. 24, front and rear surfaces 168 and 170 do not extend parallel or
25  substantially parallel to each other. Rather, front surface 168 extends at an angle “a” with
respect to rear surface 170. The angle “a” can be any practical angle. Hence, as shown in
Fig. 24, supplemental intraocular lens 166 has a prism-like cross-sectional shape.
However, the supplemental intraocular lens 166 need not have a prism-shaped
cross section, but rather, could have any suitable shape which does not provide any
30 refractive power but diffracts the light rays in the manner described below. That is, the
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of natur&P‘g‘g’ﬁEse‘i’(féPeﬁﬁ?d&y eg}ac'gﬂﬁi%fr}?‘i‘éiia&ﬁeflgﬁm PP 3 manner

simlar y %&iohpAv&'ﬂgh%y’%i&gg%@;ﬂgii vafeul ar 1 ens 116 described above
ens 106. “As Sho '

is attached to natura In Fig. 25 specifically,
suppl enent al  SopplamentahinttaeoslariBfis Hett canialsoanclpdanhieinvodifications dscussad 102 and

ys. 1143bRecviD eEREd S upplenOial SRS BIa A, 4 DIV Fit. ) 204 25, Deeccause
the ]dgh : ' | 10,
© 14 9ot PR ATUSCLG Uk Be B 18U DN REEELOD: B, {BRutPhind,d

t he TTragé “Seéen person i erse € nacula 112

t hat Ihas _nhﬁﬁmediigzrtheeﬁk thyslade®f tichdraral ibage0&r Stpplemeratintdbaghylenyiss on is -
reatly inproved,
J y alr;g can include haptics 172 and 174 as shown in Figs. 29 and 30. As shown in Figs. 31

and 32, the haptics 172 and 174 can be secured, for example, to the zonular ligament 109
or the ciliary sulcus 108 to secure the supplemental intraocular lens 166 onto or proximate
20  to the front of the natural lens 106 without the use of glue or adhesive. Also, as shown in
Figs. 33 and 34, the supplemental intraocular lens 166 with haptics 172 and 174 can be
mounted in front of an intraocular lens 142 already implanted in the eye 100.
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
25 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.



Suppl enental intraocular |lens 166 can also include the nodifications, )
di scussed above with regard to supplenental intraocular_lens 116. As shown
in Fi gsWOM32W§ 28, the 15 suppl enental .intraocul ar | enBCWE8?2387he
attached to an intraocular |ens 142 _{fat has been nounted in the eye in

pl ace of the natural |ens 106. Supplenental intraocular. lens 166 also can
I ncl ude haptics 172 and 174 as shown in Figs. 29 and 30. As shown in Figs.
31 and 32,. the ega,ptics 172 and 174 can be secured, for exanple, to the
zonul aﬁé%&ﬁb&-ﬂéw or the ciliary sulcus 108 to secure the suppl enental

I ntraocul ar lens 166 onto or proximate 20 to the front of the natural |ens
106 without the use of glue or adhesive. Al so, as shown in Figs. 33 and
34, the suppl exietittdocilat ledwCadapiabledos iniplantatibh i aneye, fod modifpthglthé can -be
mounted in front of an intraocular |lens 142 already inplanted in the eye
100. Alsrsspssemafithe eye comprisingtharcprnsaind theeyerandss natural or antificial densiave been
described in de.tailﬂgb ve, those skilled in the art will readily

appr ecthg e thedntragepiar 1s8s CAmMPISING: | oS are possible in the exenpl ary
enbodi ment s ;W4 : 4 ARIRF i B Rratidbmos and
advant ages 8 ':smyf‘?ﬁ’?éﬁgr %Ar#.%xccm%Pﬁgﬁ?ailgﬁlh{s?ﬁ%ﬁ%yﬁ%%%ficatlipons are
i nt endeelative toehe hodatidasiofshi kbmealaad shomerurad ot hrtifidial lenstin ohe ey, def | ned i n
the follow ng clains., WO 01/ 32105 PCT/ US99/ 25857 -15- What is claimed is
1. An ilensipesiaem sPMPEHBEE: adaptabl e for inplantation in an eye, for nodi'fying
the |lens system | S f],ra&gfxe Lhe eye and. a natural
or artificial | eﬁgﬁfgﬁﬁé%g@%h‘g@g‘wg‘?&% ar sWécrb%pcfl sing: a lens
portion, being canrbignd gshiba)adapredasthéd Opathof ighheayeypassiaig a | ocation -
relative to the locations of the cornea and the r{ﬁtﬁrﬁl or artifi(éi'_lal | ens
¢ dBhs lh@u S

i n t he therethrongh td previdsche eysiwishmagnifiadgnsian mheg; S Bass .
bst ant,i al | tq : d [ , adapted t | t
o pat b adF sl GE7he RFhefes BHThe Pveh Be SEERIRARE D1 SUEPLEH 10 e

magni fied vision when the |ight rays pass through a |l ens external of the

eye before passing throu%h the second portion. , 2. An intraocular lens as
clai med i n @ Amirkraoshlar dins as claimed in claim 1, wherein: _

the second portion is a minus lens having a power within the range of about -30

to about -120 diopters.

3. An intraocular lens as claimed in claim 1, wherein: _
the first portion permits the light rays to pass therethrough essentially without -
altering a direction of propagation of the light rays.

4. An intraocular lens as claimed in claim 1, wherein:

the second portion causes the light rays passing therethrough to diverge.

5. An intraocular lens as claimed in claim 1, further comprising:
a fastener, coupled to the lens portion and being adaptable to removably secure

the lens portion in the eye.

6. An intraocular lens as claimed in claim 5, wherein:
the fastener comprises an adhesive, adaptable to secure a surface of the lens
portion to a surface of the natural or artificial lens in the eye.

A




the second portion is a mnus |lens having a power within the range of about
-30 to apB\eis321h80 diopters. 3. An-intraocul ar | ens as cl aporfsovy258sai m 1,
wherein: the first portion permts the light rays to pass therethrough
essentially without altering a directilém of propagation of the |ight rays.
4. An intraocular lens as clained in claim1, wherein: the second portion
causes the |light rays passing therethrough to diverge. 5. An intraocul ar
lens as clained in claim1, further conprising. a fastener, coupled to the
| ens portion and bei ng adaptable to renovably secuie the lens portion in
the eye. 6. Af7.iAn imeancubur lémsns claimed mi cheith 5y whérainn 5, wherein: the
fastener conprjses an adhesive,, adaptable to sgqgure surface of ,the | ens
portion to a §i¥? agieBer,somprases at least ong aH?‘?’i@PEﬁalm F]é‘;kn{s Rorgn @&‘%{33@511111

111111 11 * iMr #?’iﬁ CTI US99/ 25957 -16 7. An
intraocuﬁgirﬂt?lgég‘ggesrhéﬁgllgﬁée&ufeﬁhgl arm ) : ereijtﬁ?efeﬁe fastener conprises at
| east one haptic, coupled to the | ens portion and being adaptable to
removably secure the intraocular lens in the eye. 8. An intraocular lens as
clained in cl & A jntwesnlar fenstah elaimedincaim brwhemnsi:i ses at | east one of a
transparent or épic material and a tran\siﬁarent aﬁ,gnt hetic material,, 9. An

i nt r aocul ar €18 PRTURTEAMPYISES ALjeqt pne gl & tgnsparent reanic srgterigl Andan i s a
bi -conca\{%n%gﬂgm skﬁthe@ﬁ Ih&gﬁﬁ(_)cul ar lens as clainmed in claim1, wherein:
n rtiro

t he seco I'S a plano-concave lens. 11. An intraocul ar |ens,
adaptabl e for inplantation in an eye, for nodifying the |ens systemof the
eye conprising the, corne f the eye amné,a natural or artificial lens in
the eye, the intA%W%P&&ﬁ%éW?é} aim 1, wherein: :

the second portion is a bi-concave lens. :

10. An intraocular lens as claimed in claim 1, wherein:

the second portion is a plano-concave lens.

11. An intraocular lens, adaptable for implantation in an eye, for modifying the
lens system-of the eye comprising the cornea of the eye and a natural or artificial lens in
the eye, the intraocular lens comprising:

a lens portion which has substantially no refractive power and diffracts light
passing therethrough, and is adapted for implantation in the eye at a location relative to
the locations of the cornea and the natural or artificial lens in the eye to modify the lens
system of the eye such that the modified lens system directs light rays passing
therethrough onto an area on the retina of the eye other than an area onto which the

light rays are directed by the lens system absent the intraocular lens.

12. An intraocular lens as claimed in claim 11, wherein:

the lens portion is prism-shaped.

13. An intraocular lens as claimed in claim 12, wherein:
the prism-shaped lens portion comprises a first substantially planar surface and a
second substantially planar surface, opposite to the first substantially planar surface and

1 g



a lens portion which has subst ant ally. no refractive power and diffracts .
| i ght assing therethrough, and is adapted for inplantatj | eye at
a Iocatld%”](%?%tive to the locations of the cornea and i’h@%ﬁg{){#gﬁe or

artificial lens in the eye to nodifyjfybe Iens systemof the eye such that.

the nodified lens systemdirects |light rays passing therethrough onto an
area on the retina of the eye other than an area onto which the |ight rays
are directed by the ] ens syst absent the.,intraocul ar, |ens. 12._ An

intr aomﬁq&aﬁ@@s@mﬁ%ﬁw ﬁm@l"gi Tespest t%@é?&?‘i’ﬁ“g Ye&émﬁ'o‘P i s
prism : L. . Hﬁﬁc ' In: the
pri sn“r:s %gg%lt ﬁtsraﬁgﬁ@%xhg% I?{%g@%z‘g?%ﬁﬂgu S gﬁttiggﬁt?}h%lﬁgﬁ%éﬁésﬁdrface
and a thefies Gurfadeseikity thedetonduafacd atwetamnbangdy pelativectot the st suifacd,
substantjal ly planar surface and LI1TLETEEELE P EEEEREEETEETTETTET MS WO
01/ 3210shiricH difesnpfegythe first angleendi ng at an angl e other than 0 with |
respect to the first substantially planar surface, such that |light rays
entering the prismthrough the first surface. at a first angle relative to
the first syuf ageimokslat s sedsinibdshiclang 12harg@cond angle, relative to
the first surface, which is different fromthe first angle. 14. An

i ntraocul ar thelens portadmisfresnéhlshagedi m 11, wherein: the lens portion is
fresnel -shaped. 15. An intraocular lens as clainmed in claim11, further
conprising: a fastener, coupled to the lens portion and being adaptable to
renovably segureg. : L-on, qi: ; it aocul ar lens as .
clainmed in ?ﬁaiﬁﬁ% @\ﬁ#@?gﬂgg%lﬁypégtcgﬁrlqg%%%?gg@gﬁ dhesi ve, adapt abl e
to secure thdagaee cbupledaahe tehs pbetion ankbeing 2dapmablevcaremuovhblyseairet he
natural or artificjal lens in the eye. 17. An intraocul ar |lens as clained

i n cl aithe leps pargreintheere f ast ener conprises at |east one haptic, coupled.
to the I ens portion and bei ng

16. An intraocular léns as claimed in claim 15, wherein:
the fastener comprises an adhesive, adaptable to secure the second surface of the .
lens portion to a surface of the natural or artificial lens in the eye.

17. An intraocular lens as claimed in claim 15, wherein:
the fastener comprises at least one haptic, coupled to the lens portion and being

adaptable to removably secure the intraocular lens in the eye; :

18. An intraocular lens as claimed in claim 11, wherein:
the lens portion comprises at least one of a transparent organic material and a

transparent synthetic material,

19. A method for modifying a lens system of the eye comprising the cornea of .
the eye and a natural or artificial lens in the eye, the method'éomprising the steps of:

providing an intraocular lens comprising a first portion which is substantially
non-refractive and a second portion; and

implanting the intraocular lens into the eye at a location relative to the locations
of the cornea and the natural or artificial lens in the eye to modify the lens system of the

eye such that the second portion is positioned to alter a path of light rays passing
ki

A i



adaptabl e to renovably secure the intraocular lens in the eye. 18. An

i ntraoculygp ghssesas clainmed in claimll, ~wherein: the | ensppayisosyssss7
conprises at |east one of a transparent organic material and a transparent
synthetic material. 19. A nethod for md8i-fying a |l ens systemof the eye
conprising the cornea of the eye and a natural or artificial lens in the
eye, the nethod conprising the steps of: providing an intraocular |ens

conpri si ' L )TpURTY a TR ol alEN { Al 3 ) a
econd porreirbbet cP P eyC R magHALE Pich when MO NG R Yl fudd
| ocat i on alalsadxteraal of thbeyd befatei passing diroupk thoseoemd poddianhe natural or

artificial lens in the eye to nodify the |l ens systemof the eye such that
the second portion is positioned to alter a path of |ight rays passing |

FTTE"T THETTT 4Afid = [ h o]l "y s ThiLb L7 b US99/ 25857

-18 theret hro&éh‘*ﬁne;%dv?sa%?#ﬁéggj%&lv?t hurrféngl ??’yé‘%.j‘g?étn% fonrthe Ii ght
rays pass thr @mog thelerttinabiéirap allo@tioh it dierthalye sectpefas tinalighiraygpast he
second portion. 20. A nethod as claimed in claim19, further conprising the

step of : thtomghnbe externakless hefiors entering the ¢xecat i on outsi de the eye such that
the light rays pass through the external |ens before entering the eye 21.
A nethod as clainmed in claim19, further conprising the step of: securing
the intraocul ay | . tige r s Blehb Elagi lens in the
eye. 22. A net lbé@gget%@ai%n%&é'ﬁ{eﬁqﬁfalhflnl?g, lf?fﬁ%ﬂp?ﬂég%pth&éﬁeﬁﬁ he step of:
securing the iseduringaht adtriczakr lemsao pautfaceofahe hurdyor avtificinl lehsiin thiee
natural or artificial lens in the eye. 23. A nethod for nodifying a | ens
system ofYe-he eye conprising the cornea of the eye and a natural or
artificial lens in the eye, the nethod conprising the steps of: providing
an intraocul ar lens conprising a substantially non-refractive portion
‘which diffract®, |A attthdbsssdldehet it cRIMr19Ufifither Romipeisingithe B@pldfe i ntraocul ar
lens in the eye at a |location relative to the |ocations of

securing the intraocular lens to a portion of the eye other than the natural or

artificial lens in the eye.

23. A method for modifying a lens system of the eye comprising the cornea of
the eye and a natural or artificial lens in the eye, the method comprising the steps of:

providing an intraocular lens comprising a substantially non-refractive portion
which diffracts light passing therethrough; and

implanting the intraocular lens in the eye at a location relative to the locations of
the cornea and the natural or artificial lens in the eye to modify the lens system of the
eye such that the modified lens system directs light rays passing therethrough onto an
area on the retina of the eye other than an area onto which the light rays are directed by

the lens system absent the intraocular lens.

24. A method as claimed in claim 23, further comprising the step of:
securing the intraocular lens to a surface of the natural or artificial lens in the

25. A method as claimed in claim 23, further comprising the step of:

ﬁ"lie ||ii|| ””" - O




the cornea and the natural or artificial lens in the eye to nodify the |ens
system @fo éiR10seye such that the nodified I ens system di pgglss #{iéﬂ&t rays
passi ng therethrough onto an area on the retina of the eye o? er than an
area onto which the light rays are dil®ected by the |ens system absent the
I ntraocul ar lens. 24. A nethod as clainmed in claim23, further conprising
the step of: securing the intraocular lens to a surface of the natural or

artificial |gpgid r]ﬁm.géf%“. . ai in.claim23, further
conpri si ng tﬁe sfép of - |;sl tgétﬂ%algggggﬁeéggﬂ@%%ﬂ Niwi PE11 Hi I
111111 JartifScid¥0ens inXkhe @pe. PCT/ US99/ 25857 -19 securing the intraocular lens to
a portion of the eye other than the natural or artificial lens in the eye.
26. An intraocul ar lens, adaptable for inplantation in an eye, for

nodi fying a,lens.systemof the e onpr4 si t.he. cornea of..the eye and a
natural or &ti Hfst ocpa g@ﬁ?ﬁ@e@é%ﬂ%@“ﬁ%ﬁ%ﬁﬂ&%m@@mi sing a
subst angdsadykiém WHthe 8¢ asthpMéng the dtfed ¥ thE epeidl 4 A P R AR llbth rays
therethrosﬁsg”l V\/i_'thout?;'al teri nggq path of prgpagat:i 0?1 0 %'?he ‘%?glk* rays, the
subst anhe eyd, yhe imraocwdar keas coreppising:i on i ncl udi ng a portion, adapted to alter
a path of propagati. of the .light, rays, passing therethrough to alter the
| ens systema&‘ggtﬁ’énéi}e“?fbf farttens ‘P’F’Qﬁt"?’lﬁlﬁgwr%%ﬁqsf?@‘floﬁi@gbﬁwmgh onto an

o o i rbiethyofh B Mt Epah of brofiBi Ao RgBE s, dldseblelmfrly O TS
| Nt r a0Gidharefrh@ive potich dndiading ﬁt@k@dﬂnaaﬁ)ted\/f&ﬂeér&} path of pRipakstiorpbfithes the

pat h of propagation of the |ig rays when the light rays ~pass through an
ext er ndight tays passing theysshrough to alter tha densypstemdf the exsttoadirecolightodys yi ng a

lens system of the eye conprising, the. cornea of +the eye and a natural or |
artit; SRog eetiouEh SrfOak ated ohint AR RSl othér Maf kRl oo™ or ovi i ng.
an subsjlch tied light #9ys 4r€ Hiréétbd b thdlehg§/5tinRhbseRthe GRTMG LT lens POrtion
which alters a direcgtion of propagati'on of |ight rays passing

t heret hrough; and inplanting the intraocular lens in the eye at a | ocation

relati he locatians of . .. .. i
elative to 2t7. An %%:?atolcu At lecl)lsasclalmed in claim 26, wherein:

the portion alters the pé.th of propagation of the light rays when the light rays

pass through an external lens before passing into the eye.

28. A method for modifying a lens system of the eye comprising the cornea of
the eye and a natural or artificial lens in the eye, the method comprising the steps of:

providing an substantially non-refractive intraocular lens comprising a portion
which alters a direcgtion of propagation of light rays passing therethrough; and -

implanting the intraocular lens in the eye at a location relative to the locations of
the cornea and the natural or artificial lens in the eye to modify the lens system of the
eye such that the modified lens system directs light rays passing therethrough onto an
area on the retina of the eye other than an area onto which the light rays are directed by

the lens system absent the intraocular lens.
29. A method as claimed in claim 28, further comprising the step of:

positioning a lens external of the eye such that the light rays pass through the
external lens before entering the eye;
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the cornea and the natural or artificial lens in the eye to nodify the | ens
syst em ofwblogs218ye such that the nodified:lens system di r epCEUSHYINSST ay's
passi ng therethrough onto .an area on the retina of the eye other than an
area onto which the light rays are dir2@ted by the |ens system absent the
intraocular lens. 29. A nethod as clainmed in claim28, further conprising
the step of. positioning a lens external of the eye such that the |ight

s Baon Rep! SiSHotHp (B REtAHR G Prdhiatnh B HLIbN Y Fhick v ot
11111111passad dhirbbgh ihelektdrniiefsl/ 32105 PCT/ US99/ 25857 -20 the portion

altering the direction of propagation ofhe. |ight rays which have passed
through the external lens. 30. A nethod as clainmed in claim28, further

conpri sing thgast,eps ;of¢ hecking t he,vi si.on of t.he e_having the

i ntraocul ar | gRsAI ﬁ‘&#ﬁ’rﬁ%&fi“ﬁ‘é&é‘? %lmm??, ef}fgﬁn&qsﬁiﬁ%%ﬁ n a desired

vi sion, perfoghidking (IR visibh BMHRGyE ha _'gth@mwdo@ﬁla&t&sli& {AgcdRbeihSNS from
the eye; inplanting a second subStantidlly non-refractive i ntraocul ar |ens

in the eye, tfitheyvetemis lessthaordésined vision, performing the folhawingrstépsn whi ch
alters a direction of ropagation of |i.ght passing therethrough; and
checking the visi oﬁeﬁPvﬁﬁéﬁ%gﬁrﬁ? g n%étg"o‘?}' 5intraocul ar |ens

| mpl anted ¢ her ei 0. subianihe |y Nodoo sibatBhitalf st rdefitei G e BB RAY i el 1111

1111211 212231 10 ol
eye, the second intraocular lens having a second portion which alters a direction of

" propagation of light passing therethrough; and
" checking the vision of the eye having the second intraocular lens

implanted therein.
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