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an external lens, allows light rays entering onto the retina of the eye as
they would wi thout the supplenental intraocular |lens, thus providing
unmagni fied and peripheral unrestricted vision. 4 May 2004 AMAa9R0B2105

PCT/ US99/ 25857 Pat ent Application for LENS CONVERSI ON SYSTEM FOR

TELEDI OPTI FFRACTI VE CONFI GURATI ONS by Ghol am A d Jeffrey
E. Koziolﬁé&&&gﬁ%bND OF THE I NVENTION Field of the Inveﬂﬁﬁﬁﬁgg¥ﬁgppresent
invention relates to intraocular lenses to be inplanted onto a natural 5 or
artificial lens in the eye to nodify the existing |l ens systemof the eye
conprising the cornea and a natural or existing artificial lens. Mre
particularly, the invention relates to an intraocular |lens having either a
substantially non-refractive coni,'itgﬁg‘?éﬂh%ﬁo\g th a high mnus portion at
its center, or a substantially non-re ctive prismatic or other
diffractive configuration, and which 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 telediopti¢ lens or diffractive |lens,
respectively. 4 May 2004 WO 01/ 32105 / US99/ 25857 2 Description of the
Rel ated Art: A normal anetropic eye includes a cornea, lens and retina. The
cornea and lens of the normal eye cooperatively focus |ight entering the

eye froma far point, i.e., infinity, onto the retina. However, an eye can
have a di sease knownLENSAGONVEFRSHNSYSTEM BOR BEMEDIIP A& greatly degrade
vi si on. OR DIFFRACTIVE CONFIGURATIONS

by

Gholam A, Peyman
and

Jeffrey E. Koziol

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 or existing artificial lens, More particularly, the invention relates to

an intraocular lens having either a 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.



Macul ar degeneration has becone one of the |eading causes of blindness in
adults. This disease affects the central retinal area known as the macul a
whi ch receives light focused by the cornea and | ens and acumMay2084 on.
Macul ar degeneration can lead to a gradual or sudden |oss of vision to the
| evel of r less. Commonly, |loss of vision 10 onl t he
central ré@éﬁ@?"ﬁrea of about 0.25 to 4 square nillinetg¥g&kgﬁ%&%oes not
usual |y progress beyond this area, thereby |eaving 95-99% of the retina
unaffected. Thus, reading and driving vision can be |ost, while peripheral
vision remains intact. U S. Patent Nos. 4,666,446 and 4,581,031, both to
Kozi ol andhReyimRA of AlARepaidN 0 Which are incorporated by reference herein
each discl'ose T ntraocul ar Tenses which are 15 inplanted in the eye in

pl ace of the ndinraraial dmevopiceye bwludesct cortiva, lenpypod aftirki Fhe corvemdndilerisoé t he

adverse affect Vi Si : h cll eper at of. e eye. For
el o, -t Soomf el SR ERRus Motk GelIRE e B ROAETBL Bolrh il
conpri si Nn@ngo ther @tinpoow@mer, wn@yalicinnava addiscasedimogyn snmacul dagenesdon portion
i ncludi_ng g .convergi,ng lens,. The converging |lens provides the eye with
subst aft i ar Sch‘iaﬁér 'A’fr&e@'@&ﬁ'ﬁoﬁg ability of the natural 20 lens prior to

i nplantati on ohihigr dBtd-ARIOH had bek GRS onel Sthe lehdlBy SMiSks W blindagy &n Sk cased
visual acuity due to the macul ar degeneration, but will also have

unr est ri ctEhis gissaseyafbects| the icentesh retimph areqlikpewgias ghe awsula grhieheeceivasdighhand,
when conbin ' a Verol l€ Lt | of, .t (e.qg.,
a spect aclfgglg%ns)g Fhep?ogj\?%ld%gqg&%hngnl ﬁegﬁaééﬁag)%%%ﬁ %ﬁ%r%goélséag I\Q/f‘d Sﬁ%/.? acuity
but a restgridubles suddendbss fof elsidn 1d berlefebnE20/200 or legspEominonly, kapofutision _ | ens

creates 25 teledioptic |ens. system whi rovi des the patiepnt, with the
hor ¢80t QRTRARS R PGB B T AP 0o oS FRHAEs LR ADFOAgh 1| e
but per i phgpaly| progres beyontiQBis Wes, tRérebye¥ing L BN8 ofMhe refin8dafRodkd. Thag| oses an
i ntraocul ar | éns 1 ncluding a convex portjon and a prismatic portion. The

an
conbi ned ceakmsang drigingvision cambe lopy wbiaperipheralyrision SAAIGIEIT from the center
of the retina thatp has \acelo@ATBAEH4 B tfito RBUBIEAPAky, EAbIRCUSES

| thug provi di

C
30 those rays onto an undi Seased ar €a 6@1 e retina, ding greater
vi sual acuftwhickardincoRdfated ¥y Beforat GerelCEchiSdOlofsSBETocubr kmsadivdddsaed above,

U. S. Patent s.,.4, 666, 446, an 581 1l clearly disclqgse,that. .it is known
to uséspar‘ﬂpggf"é}rmf}ifep"é? %PlaF%%r‘ﬁ%BﬁPﬁfﬁeﬁﬁ??s‘@@?%%: %%seo T WAL ;IS | ens

to the adverse affect on vision caused by the macular degeneration of the eye. For example,

U.S. Patent No. 4,666,446 discloses 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 peripheralty 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.



reduce the adverse affect of macul ar degeneration on vision. However,
neither of the patents disclose that it is known to use an intraocul ar
lens to nodify an existing lens 5 systemin the eye, conprisiag20b4¢ cornea
and a natural or artificial lens already present in the eye, to create a

| ens syst q bsigdg the prismatic or tel edioptic capabil iddrssesisgsussed
above to correct for macul ar degeneration in the eye. U S. Patent Nos.

5,098, 444, 5,366,502, 5,358,520, and 4,932,971, as well as world patent
application WD 94/ 07435, each disclose that it is known to attach a
supplenmental 1.0 intraocular lens to an existing artificial intraocul ar
lens to correcmﬁ&m&dgbbmtmm&dﬁblbﬂm 686,444 &idmlssmhﬁbledrlsr ditclosé R abi ity

of the eye 1q focus grows, worse over ti I nstea e |l acijng the entire
i nt raocul & ®15ERTNCLHE Qa"ﬁ‘é‘\éﬁ' WPF%%@E?F‘&?&%A@“W&%&@%’ § P%!P ?"-‘ns tefractive
pover, a siuel eeifvadse hiflef BPGI4LAAr &e%éh%ra‘iféﬂ devisibh.aGGEvER deliRerSatithE | NY

intraocular lens. This technique is less invasive and hence, [ess traumatic
to the ey@aten disslose/that it is keown So wapemmtraisular lene 86 meddy andxiniagen31, none

attachd CRPRE T Eppiiadiys VaRLF TR Fowsl IR Moy PR B ET 1

| ens adaptkdtye, taocrki1e a lidne Bystan hatify i @i3tratic of tedhdid‘pnaeaﬁamneqo&kmdi c lens
of the type descri bed above.  Accordingly, a continuing need exists for a
suppl emenfaPETHEPEEE i Faclardeeepstaing Y WESES capabi | i ties. 20 SUMVARY OF THE

I NVENTI ON An  0lj & GlareRtf NobS5,498M8415, 78,508 5{388 850 \4h4a19 982, SHPR REPN Bbrld
intraocular lens for nodifying the natural |eéns of an existing artificial

lens in arpa@yreagphca@onr\%@t%f’f&%ﬁmeqhﬂ d;?cIOSQEhatlégeh@q’vax tomtacfAnmnpéemewjl ect of
the p&‘Bseg}x aocurrlgrgfe#lsot%tath%t%}éar&V i8S 1'11 EAQEULRL L FE, I))gg {;1 IRkgpt ation

in thé e 0 he eye conpri cofnea and
t he nat ur aff visfonexrhetlmgf thie tabilirye bfathel @530 iferub @mv&eyveorsd Ovec n:fmft, dnseeadl @Os system

that functiqns as a tel.ediopti system whi used w thout an
ext er nal Ir%fﬂ%‘:mﬁof‘ FHES Al q“é 2" ﬁ%‘ﬁoﬁﬁé‘r éqnfsmﬁlﬁge’s €EPEd vi sion

and whi ch,r.phage Y3edr, W th ﬁ&n@ﬁfﬂembaﬂﬁ%ns meedeseachémw&lb e&kisang
peripherally restricted vision to correct for macul ar degeneration. 4 May
2004 4 intraocular lens. This technique is less invasive and hence, less traumatic to the eye.
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 and peripherally restricted vision to correct for macular degeneration.



Anot her object of the invention is to provide an intraocular |ens for
inplantation in the eye to nodify the I ens systemof the eye conprising
the cornea and the natural or an existing artificial |ens iqMah@004ye to
create a lens systemwhich redirects rays of light away froma di seased
portion of the retina in the eye and4f ocuses those rays onto an undi seased
area of the retina. A further object of the invention is to provide

i ntraocul annb®BsdFecOdf thdiBvdniPES t6IRSGNE REdrAROMAens Y i6Plhidfidd G knd e tde
f ast eni H%Atr;gtrlr%)ers whi ch enabl e those intraocul ar | enses to be secured in

the ej&" nf pysteit 9fiihs evs Gprarsisingsthe gpane ARERE navral & ap guipmg gitidieial kesideul ar

| ensesgyab cichre allah Systas whichRdiredd e of kG aR irBmGARBRLE pRHioPF T SRAGH HRd
di rect}lf?/agtég the surface of the natural_ or existing artificial lens in the

eye. F SPERLMOSS YT PR Wkesed arphef thefs@t i on provi des an i ntraocul ar

| ens, adaptable for inplantation in an eye, for nodifying the |l ens system
of the eye risin he cornea of the eye and a natural or artificial
lens in thé\év er obife of ﬁ*ﬁ%&%ﬂ% toPERYAde RSP Y Ieftges of thedires desehed Abovsei ng
conf i glifchdurftef intlafs Bkmdid Qb WhithenaBlkehodd inadclRAlchRtoHRls@uteden the efdle

| ocations of the cornea and the natural or artificial lens in the eye, the

| ens portion conprising: a first portion having substantially no refractive

power ; and AatifigaaReotpeat bi Binvatiepisad ﬁiooidalir_tnfa@cugar Rk opﬁﬂlﬂp@ B%sgﬁi?e?ﬂ_%bcﬁ?%i ng
I ed VvVISlaon en e |l rays

t heret hr ough t rovide the . eye wt gn n, ] )

pass F"ﬂ?cgﬂ%rfa %fegquela&feé}“ﬁgfm#yf%@e ?}&Fgg% i Ratysal 98 PYE pRifisialRs ip Bes econd
portieye. In accordance with another aspect, the invention provides an

i ntraocul ar | ens, adaptable for inplantation in an eye, for nodifying the
| ens system of the eye conprising the cornea of the eye and a natural or

artificial il ®66dénke WRR a@¥pect{theinkEtioARwded anl ifRRcO/ITRI &hftable frl €ns portion
whi ch, has substanti?% &re;ractive power and diffracts |ight passing

t her et PR BLHIND M3HFYF-JO %fg ing thlens sypem ot e eyrromprisingthe gamepof sheege ardiagn

rel at hateral 6 abtfRidl RESHIRGeahe intifociRF REGcondAting:ne natural or artificial lens
in the eye to nodify the |ens stem of the eye such that the nodified |ens
system dir8 etnép‘?rflﬁrhiéelfl%%‘ﬁﬁ&@g ?‘%ém?lﬁré?tlé’tnﬁ?tﬁH’@’ﬁy%ﬁtag"c&‘ho‘h‘?e’é%\"edﬁ theeralignsi na
of t hef thy eorfdatad tHelamrahor ifdal Qb & th¥BieClie IREpdrii@Yompayag:ar e directed by
the | ens system %bsent. the. i ntraoc%Lyar Igns,. | n accordance with yet another

aspect, there i &U5FBUTORRAVIRG spbfantlty lodpiraclnerowsiap{ abl e for i npl antati on

in an eye, for aedbiidpoigordadaRRs tEilkt £PARLE ighEragyRisEpRErkSEIosh lopeovidRnea of
the eye and a .nhatural horﬂ_‘arll'ficial en ilnthe e}/ef theiptraocular | ens
conpr %elvHB'L maen visi gvhen the light rays pass through a lens external o the eye betore passing

through the second portion.

In accordance with another aspect, the invention provides an intraoccular lens, adaptable for
implantation in an eye, for modifying the lens system of the eye comprising the cormea 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.

In accordance with yet another aspect, there is provided an intraocular lens, adaptable for
implantation in an eye, for modifying a lens system of the eye comprising the cornea of the eye and a

natural or artificial lens in the eye, the intraocular lens comprising:



5 a substantially non-refractive portion which permts passage of |ight
rays therethrough without altering a path of propagation of the Iight

rays, the substantially non-refractive portion including a4 pay2004,

adapted to alter a path of propagation of the light rays passing
therethrough to alter the lens systersof the eye to direct light rays
passi ng therethrough onto an area on the retina of the eye other than an
area ont o WhikshntidlB doh g8 act; Gy [REhiebaBMed dTei hrshetsaperat the

i ntraocul ar | ens. gﬁIEF DEé%%%PTION Oé%THE DRAW N ﬁﬁ%se and ot her objects
and adlemeagad ofproppastion ofdhelisht Ry e yPstamtinlly 1w TRiRCEVS RosdRn ehuding e ci at ed
from tBeioh Qaldlalﬂéiﬁ 10 gné}@tpathloegmg@%ﬁsﬁ &tth@lﬁ‘ghE RS Paskife GERILKIGH tikeMhd Rnd he

acconpanyi rawi ngs g. iS a cross-sectional view of a
nor rra|sym?f?%?x? t‘é%ec Jight s BQSFlﬁ@thW‘ "“thefmétp agep PR g retinp gt e pyseosher thap

and | @A Sre@bntb RBicYIRs light Blys ate iiFecfed by Ml lenbisoueRhbsaht tRXARIRLEaQnsa bi - concave
suppl emental intraocular lens according to an emnbodinent of the present
invention, which is substantially nonrefractive except for a high mnus
portion at its center, angrirr usSCRIPTIROD¥ErHE bRAWIRGYWr al | ens or an
existing artificial lens in the eye into a lens having teledioptic
capabilities; Fig. 3 is a cross-sectional view of a bi-concave supplemental

i ntraocul alThla&Qﬁd BtherSIbAR ahdadvh@aged of thi Preseht inserﬁoﬁ OB 1566 ?da@i'l}?dppﬁébiﬁt@d of an
eye h V|ng -concave. suppl enental intraocular |lens as shown in Fig. 2

posi t ifGAEHe O‘t"ﬂ’g drtailgh deperipdopstalg i prgnpion yithythe accprpanying Jrawings dip |“6"’Ff§l Vi ew
t aken Fihn agrgttodsRectRta vibw FGtnbdmdd Qﬂﬂbtﬂqn&ég/e illustrfting Qindor HIRE thinkd, U tcbdbL idhe
suppleqﬁptal ntraocular | ens positioned on the natural |ens of the eye as
shown 2Phlept f theseyeri g 6 is a cross-sectional view of an eye into which has

been iF@baYd Loht @ichl F AR eRWDISIFRMDE- %@Me%hppld:diﬁniaﬁﬁﬁ%cﬁfar leﬁ@&cc@rﬁm@@%ﬂ in Fig.
h which a spectacle | ens is being used is.a front view of

4, d
a p?gﬁ@wﬁ%ﬁ'&%}’ét@@&ﬁ% FYFRtion. Yhieh laéettﬂaa?all@ﬁgre&e%? EﬁCF.@ f?f&%f@lm%t of

the Pt @sRhAfer, bitVie NEdda condbrt B nhtfirab lRSIran ekistidg)artiRd 8 makd dy¥aexregpt for a
hi gh g%nus Eﬁrtlon qﬁVlts center, and which is used to convert the natural

| ens GFVIBHICEHIORYS $7520il4%F i cial lens in the eye into a | ens having
t el ediFapBiica Gaabitlohdl ivas: of4 tMedhc@RQAppIh@ild BrrhORIdP(eht 4438 2 BAGS 26

Fig. 4 is a cross-sectional view of an eye having a bi-concave supplemental intraocular lens as shown in

Fig. 2 positioned on the natural lens of the eye;

Fig. 5 is a cross-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 cross-sectional view of an eye into which has been implanted a biconcave 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 intraccular 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 existing artificial lens

in the eye into a lens having teledioptic capabilities;



Fig. 8 is a cross-sectional view of the piano-concave suppl enent al
intraocular lens as shown in Fig. 7; Fig. 9 is a front view of a

bi - concave suppl emental intraocular |lens as shown in Fig. #£Maph20d4g a pair
of haptics for securing the supplenental bi-concave intraocular lens into

5 the eye; Fi O is a cross-sectional view of a bi-co i ocul ar
| ens as sh%&ﬂg?zﬁgsﬁ g. 9; Fig. 11 is a cross-sectional ﬁ%%gélgg%{aeye
showi ng the rel ati onship between the -éatural |ens of the eye and a

bi - concave suppl enmental intraocular |ens having haptics as shown in Figs.
9 and 10, which has been inplanted in the eye; 10 Fig. 12 is a

Cross- sect i onalrig/ gy ErdkRBerioRAlGHEGH of the phiiB oS RChubYlemdithl i rhdtalak ldn§ 1 O

further illustrate the supplenental intraocular |ens having haptics as
nount ed t @s shewnindligi7al |1 ens of the eye as shown in Fig. 11; Fig. 13 is a

front view of bty | en f ' ' i an eye
in place of thgi.khggL uarfgl?}ﬂdigﬁrso%g p?%%%ﬁwf%qég&mkgﬁ#g&%%érhgg?@tg Fi onal

vi ew of t I2g havitg apaitibfhaptienfor sdvarimg ihe skpdemenBal bivcaneaviesntramnkt fus edoas a

bi -convex |ens; Fig. 15 is a cross-sectional view of an alternate

confi gar atPof€f an intraocular lens of the type shown in Fig. 13, which

has been confi gy ¢§lisards- REAIA GAN¥LXbilcBAGYe ftrfoculib len§ asth6% A EEFigeRt | onal
vi ew of another ‘alternate configuration of the 20 intraocular [ens shown

in Fig. 13, wi g thés # prossodional view ek abeyhghomdng thgueladonsbipbeewraabe- convex
0 00l Al e okl B-BARIS AR oMbt g B bl W o

has been i'nserte I —‘convex
Cr 0ss- sectshowalkn Figewand 16 Rvhdohehas béed implandad irsthe syt ant ed a bi - convex 25

i ntraocul ar | ens, .and which further include suppl enent al ,bi -concave
intradful ar | ef% 3¢ SHREwWFEtIoRal ey taseRyHire s%;@#ﬂ?#&@n@@%ﬁﬁiﬁe

exi sting imihaomuLiake H@ﬁjﬁpﬁﬂgntaﬂ-%tﬂaﬁmﬁ’arQE&S&vﬁﬁcﬁdpﬁ&ahs WicAntell ak afie t hr ough
the eye directly behind the iris to further ill'ustrate the bi-concave

suppl enentuaturpldensabthglese asishoren isFipddi ti oned on an existing bi-convex
nLrocular | o 3 oy ey BBl b o BT et o o
eye in place of the natural lens of the 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 crosssectional 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;



cross-section of a spectacle lens placed in front of the cornea of the eye;
4 May 2004 WO 01/32105 PCT/ US99/ 25857 -7 Fig. 21 is a cross-sectional view
of the supplenental intraocular |ens having haptics as shommaygoﬁigs. 9
and 10, inplanted on an existing bi-convex intraocular lens; Fig. 22 is a
Cross- sectwgﬁﬂg 105 ew taken through the eye directly behlﬂ&q,ésggz 4s to
further |IIustrate t he suppl enental intraocular |ens as p03|t|oned on an
exi sting bi-convex 5 intraocular |enr§-as shown in Fig. 21; Fig. 23 is a
front view of an exanple of a substantially non-refractive prism shaped
suppl emental intraocular | ens according to an enbodi nent of the present

invention; FigFrjg2h ks cx%ss%&ﬁ;%alﬁﬁe%ﬁ bfqn@ku ppleBn@f intAScul 16 ﬁﬂ)tics
supplenental |ntraocular | ens. as shown'in Fig. 23; 10 Fig. iI's a

cr 0ss- sect doan iy Figy Sand 49, implantef ppge rnam@l—cme:smpmmdﬂnal pri sm shaped
ntraocul ar | e nat ur al
: ens i nu t he e@% %s%h&%s%c@od;al g?%’st?? esZ'ﬂ?"‘% ﬂ?ee%){ae ?@k Q‘?ﬁg’gﬁg ?Q[ he gye

directly hﬂﬂtemdhtshae kel sappleme:fmlnmﬂtmmlnﬂ lensisrpmbiciohdideonpan evistind) dpeshvex

supplenental r.aocul,ar g positioned on the i5 natural lens of the
eye as sh&%ﬁmF ﬂF&asﬁ?wqﬁl 82% is a cross-sectional view of an eye having

a bi-convex i nkgagcidh &ont GBS of i BhAPlRA 2 kiR atiAlly @cttefrattvOfAsThabed a

pri sm shaped supplenental intraocular lens as shown in Figs. 23 and 24
nount ed omuppiemdnial insrroastarilens pecordingte 2h embodiment oleg: preseqt WF@EONsect i onal

view taken (0 guo, LG, SyG i pakl e O R bbichbuiAUtbER,

illustrate the Bfsmsh aped supplemen ocu ens posi
bi - convexsshawnda®iy. 23; | ens in the eye as shown in F|g 27 Fig. 29 is a
front view showi n pri sm shapged. suppl enent al |ntr ocul | ens . having a

pl urafPty of hgﬁtaéésaﬁf‘ﬁs'se%‘mi VAV YA ST AR WS EWP ePFf‘é P5¥Tsm shaped

suppl ementglyell HiFR004H lé{s ak SKbwn ATFIRS 25 AV beingpdditiodé of-h Garudil 1dns ird
Cross- seciﬁonal view of an eye having a suppl enental prism shaped
e 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 1ris 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 intraocular 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;



intraocular lens with haptics as showm in Figs. 29 and 30 nounted 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 4kiay20pp! enent al
pri smshaped intraocul ar | ens having haptics which has been inserted onto
t he naturgj E@ﬂ fs0f the eye as shown in Fig. 31; 4 May Z4Q4s¥f3skh/ 32105
PCTIU89912§% 8 Fig. 33 is a cross-sectional view of an eye haV|ng a

suppl emental intraocular lens wth h&ptics shown in Figs. 29 and 30
nounted on a bi-convex intraocular |ens already positioned in the eye; and
Fig. 34 is a cross-sectional view of the eye taken directly behind the iris
to further s Figl 3BSisiaadréssbdfomll RRWCSHEAL b hRVihS DsShiMdeGdl HikACR Rhs | €ns
with haptics nmounted on the bi- convex intraocular |lens as shown in Fig.

33. DETAl rith IppucrhprpdnFes 2PHmdEtenermeborRbesvER I 2oculy Impsplreadyi s 5
cross-sectjianal normal anetropic eye 100. The eye 100 includes a
cor nea 1OEb anegyég%% ANQB |l ens 106, a ciliary sulcus 108 adjacent the |ens
106, a zonul aFigl 34gaareruss—stﬁﬁa,nalavmebf the eyd Gkemdiratlyhehind thelifis todgurther
|IIustrat§F thﬁﬁ Ia 112 is ated ﬂt t he %% ter of th& rgg%na 110 and
s espondIEe Fis uRRlee rPg‘S'é'éB?Pé JrgogHer levropitty Baptenmeunied e g B ¢ o
driving OEoﬁv@ﬁQitﬁgcﬂéE_}erﬁgsﬁlbmnﬂg $3.9. 1, light rays 114 are focused
directly on the nmacula 112 by the " cornea 102 and | ens 106. The cornea 102
has, on the average, 40 diopters of plus power, and the |ens has 20

di opters of plus power. The conbination of the cornea 102 and |l ens 106
therefore is equivalent to a very strong Iens of 60 dlopters The |ight
rays 114 whi chDESRIEEDITDESGERE gl RE IMENES subst antial |y
perpendlcular he front. 20 surf ce of,the corne are, focused on the
macul 42112 andﬁ’ﬁrfﬁﬁaﬁsﬁi‘?‘ﬁﬁ"é‘%"‘%"YB 7 nopfal apqipRLC eP’S\@%O 0@’& R4 ﬁoki ng the

cornea 10ZhcRidkd é’éb@héé 102,8n Wi 108 Uslesk 1960 dilfa8y hlkds PEY ddpbei e lerls@86, 2 acut e
vi sion. When nacula d generatlon exi sts, Vvisu acglty i's decreased, which
resul ts i morlarfigamensd0%paetinad 1 prd vamuin 11d¢ Ay iL’F% %g 12Ke I ess acute

peri pherak, ¥ 3138 LR oPthe retina 110 and is responsible for providing acute vision, such as
that necessary for driving or reading.
15 As shown 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,
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 acure vision. The
light rays 114 striking the cornea 102 obliquely are unfocused and provide peripheral, less
acute vision.

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 telediopric lens having a convex lens portion and a concave lens



25 substantially the sane as in an eye not suffering from nmacul a
degeneration, As discussed in the background section above, in an eye
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The damaged portion of the retina does not sufficiently detect the |ight
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Therefore, the person perceives an ingage with | ow visual acuity. 30 As
further di scussed above, the adverse affect of the macul a degeneration can
be mnimzed by using a teledioptic | ens having a convex |ens portion and
a concave lens 4 May 2004 WO 01/32105 PCT| US99/ 25857 -9 portion as
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oxi de or dopplemgehl intrycahlar leos 6 isdnadewt oflelibls sadiesr irdesparent itymddpr ot ei n, to
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118 angd olyaRF BdlRgen\\PoighhpER dxaklbr hpdrogdl|hyalubE asd)hsicapdlyaddnyridd rcul ar in
shape and have a central axis equal to or substantially 15 equal to the
central a%%)"-‘@?roﬁ%%ﬁﬁﬁ?%f?ﬁfnt al intraocular lens 116. These recessed

por ti ons 118 -1, kAL YerABRM toclho M T Phas! B BARMLE, Bl bk Bt erS i 1

di aneter, and the overal nmeter o e "suppl enent aocul ar | ens
116 can rsubgentblly peea satfaut ha3ingirtdeisevepogrions 1ahehdal20 dherdid) wiiitH argredchrs. The

recessed portions,118.and 120.act as m nus._l.ens havi n QWer rangi ng
ot vieon - FOlF Oprbrantal SEGHF ¥ Fap R OBtaA g SR STALCOR e et er of 20
t he rﬂ_ﬁeséﬁﬁlt@(@ﬁédeﬂﬂd aki of thb sppastrabitrhbalas ppL B EheRIredeRtd portibhsar | ens

116, and the shape e . L
118 are typically about 1 millimeter to about 3 millimeters in diameter, and the overall

diameter of the supplemental intraocular lens 116 can range between about 3 millimeters
and about 10 millimeters. The recessed portions 118 and 120 act as a 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 2 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,



and depth of the recessed portions 118 and 120. However, the remai nder of
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or other swobmithes surgi cal device.. One side 25 of theprenppiesssnt al

I ntraocul ar lens 116 can be coated mﬁﬁﬁ glue or any other suitable
adhesive. As shown in Figs. 4 and 5, "the suppl enental intraocular lens 116
is attached directly to the natural lens 106 and is positioned centrally
or substantially centrally on the |ens 106. Accordingly, this nodified
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vi rtual | y +ifien dianie pravided nithoedhysupplememaldniisvcalat lenctiéd peri pheral  vision
that is provid wi t hout the suppl enental intraocul | ens,116. wever, as
shown in Fig. 6O%"Ep R Fierts = imaclokne 72 Chich b1 og SR MOt o0 10
in a spectiaGlstecttRMBme 3%, caAk 2RePindrie of the £F000 P hich 8 s@p@nkBRl i N Which a
suppl emental “intraocular lens 116 has been inplanted. In'this exanple, the
spect acl e inepesulppeng Klédas begnirepleitedy Inahys exppiplenthe spesasle tepe 132 igmt rays 114 to
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causes the converging |ight rays .
The high minus portion {i.e., recessed portions 118 and 120) of the supplemental

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
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15  porion 136 of supplemental intraocular lens 130 can be within the range of about -30

diopters to about -120 diopters.

Although the supplemental intraocular lens is shown as being either a bi-concave
supplemental intraocular lens 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 providing 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 intraocular 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.
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15  and 148 which secure the intraocular lens 142 inside the eye.

As is commonly known 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 attached 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



1o above can be used with an intraocular |ens that has already been
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Fig. 15, konuladgunent 1@%@@%5@) andhigis beppseplacpd with-imorvexr lbesr192.15R;  and

haptics 1 ar ached i ang- convex | ens 152.
Alternatlgérﬁpﬂgéﬁg mﬂ&g%anEguﬂh aml@ ﬁﬁgﬁofﬁﬂ?tg%@Hnﬁgﬁudes a 20
concave- cbnyewatémap@ﬁ@nnekmhxmhwéreqmauadhedsﬁuphﬂe&m&&mzand 164. Al though
not specific hown @‘i j %ﬁr)%acul ar can be bi - con ac\{le, or have
any ot her 4§ eé“ﬁ‘é‘ﬁ ar CPWQ?H:@ CPOHP?@CBSP?S‘F@

Cross- §ec§dcﬁh@@ﬁghyg 10§ orRP tiRMEacH@@14. nt 0 whi ch has been nounted an

I ntraocul ar | ens, known in the art, the natural |ens 106 (see Fig. 1)
can be rermvedAibl}luStE*BEdrmiEigﬁdsand i% dhestpplemnental frsraogaaries 1i6,for a

m crokera The natural
| ens 106 can %Lgﬁ%%ﬁ%§§§£ %&sﬁﬁ%m%ﬁe |ﬁ%¥§?%ﬁhméﬁ%§yé%€g$%??aocular

|l ens i nSEOﬁhedsuithiiilé)ntﬂhsrtrd‘lé{enmﬁlusa mﬁm&ndnﬁhumtthd degeribdiabeyewith reghrdits
exanpl e, the intrgocu | e shown s I ntraocul ar Lens 142 which

i ncl udes HeEPIER @e?at"“FLlﬁ%S 1%;2“5?1183}@’?}‘&? pgRechiaE fenlify %F C‘F&Wslo_%’an have any
of thgy Sh%ﬁ&nﬁﬁé?hké@&la@%i’?}é a?a@m%snﬂridcw&t kAl @ ﬁmtcti@n S¥QenkQfkrdgicl udes a

cornea 102, |ar£ sul cus 108, retina 110 and macula 112. The | ens 106
has been wémb\fe@ses Rlsrrgysviil¢ pntgithe wsrnz1ifs Adsat 3sshown i Big.@0, spreacke sy 2004 WO

Copl aced WATE PoFPaath e RSO o o b 028 bRt 2"t ea to
the cili amppSeﬁieﬁuSmi:Q&qu ldnk 1606 irmrosdaUEs 1408 B xlemnyRem whiths 144 at the

appropriate locatign with r pect tQ the iris 104 and cornea 2.
Accor di ngpvete%wmﬁ@%@e&ﬂ% ¢ ©HB2 Y18 Funtheragrpmasshowo m bige 2l e 25 a | ens

syst eqy; Whigeh, ooif AGHS 5 rdokb ARt 1edsAY S habht IRPEQ 184161d"RE W Rowh Zn Fig, 9 can be

implanted in front of the intraocular lens 142 to eliminate the use of adhesive for securing
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. Thar is, supplemental intraocular lens 166 has front and rear surfaces 168 and
20 170, respectively, which are circular or substantially circular in 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. Asshown
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

«® 0

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



As illustrated in Figs. 18 and 19, the supplenmental intraocular |lens 116,
for exanple, can be attached to the front surface of the intraocular |ens

- 142 by glue or any other suitable adhesive. Hence, in a nmepiiay 20041l ar to
t hat described above with regard to the cornea 102, natural |ens 106 and
supplenental i ntraocular lens 116, the cornea 102, 1 o su enent al

i ntraocul aYOPEHL®S116 and the intraocul ar | ens 142 funct ik Eﬁﬁlé%”isﬁ"ens system
whi ch focuses |light rays 114 onto thejgetina 110. Al so, as shown in Fig.

20, spectacle lens 122 can be placed in front of the eye 100 so that the
spect acl e Iens 122, cornea 102, supplenental intraocular lens 116 and

i ntraocul ) Sleates ni f.i ed 1 mage
205U B g R AP PSR A o 5055 B RS

suppl erren&a{acewhrchdcfﬁtmthellghsrajzﬂG havi ng hapt| cs 138 and 140 as shown in
Fig. 9 can be Ian trapcul ar | ens o elimnate
the use of adh¥PP ‘&‘i&‘iﬁr%& '? g fﬁ?nrﬁiaf@%ﬁ% é’?shoé"i’l’s 116
onto or pirpmgmsmzs mﬁtk%hﬁﬁaﬁeﬂtﬁﬁn&a%e&aﬂ&% 164 b tRURRILSAR e krohnt r aocul ar
| ens al so can be shaped as a prismas shown in Figs. 23 and 24. That is,

suppl eﬁenpénawrﬁllﬁ@ﬁd@é brglup eh@n%erwaéabieraéh@swaﬁaa menger simikbpiodbatiBg and 20
170, resp Gh-R i n shape
havi ng a ianéﬁ%%l?éﬁging Eﬂ?aggﬁqgg%ﬁ?&gaﬁﬁégﬂg&uﬁgh% %B&ywhéﬁﬁmever t he
sur f aces BﬁShmdm]PZgl 26 apecifialypsupblemenahiytradcalar lesuldbabs & cbjymetiorand t he

di aneters be a UI%BBh ?Q% The su Ienental ntraocul.ay | ens 166
has no orW F%fﬁll %ﬁ‘éﬁ of tPl‘:Vétep“dWéP CA§HS§K§5WEW PEETHRYt i n Fi g.
24, front .8nd14&ab a?ufdoa%aaelr&&aqada&mraﬁtmhac%tﬁmdsmatﬂeqi hor 25
substantlally par al to each other. 'Rather, front surface 168 extends at

an angPe 'tay’auifotusedransipadealthy nosion of the eina HPcthe rrge sasp bE theperseans be any
practi cal n%{‘%iv?rs? {‘gi@e%f‘edb SheANR: fx@fhaﬁﬁg be&flchgﬁ é&i%@?@ﬂﬁ@dia' ntraocul ar |ens

166 has a prism cro Ss-sect1ona wever suppl enent a
i nt raocul dEgehe:aﬁonlGﬁccnﬂhtglm@tsxohaafgeaalypmpméhaped cross secti on but

rather, could pave any.suita sh ich S no r.ovide a 30
refractive po Pﬁeﬂen g § é&r‘iaﬂmg b‘g ﬁﬁ‘? C%’é éll'sc'ffé cri bed
bel ow. Th%Box}eswnﬂR&r&t&%pﬁﬂ%rﬂ&ﬁﬁ?kﬂﬁll@cﬂs SR i3 F8H727-ahd 28ahe 166 can

have nultiple grooves simlar to a fresnel |ens, or have steps or |ines
acr 0sd5i t supplemdnsal intvearular lensflf eatbe piechpd gian ptagpgular lens 142 that has been

mounted in the eye in place of the natural lens 106. Supplemental intraocular lens 166

also 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 intraccular 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 be inplanted onto natural |ens 106 as
shown in Figs. 25 and 26. That is, supplenental intraocular |ens 166 can
be attached to the front 5 of natural lens 106 by gl ue or 4mzy0der

sui tabl e adhesive in a manner simlar to that in which suppl enental
intraocul ar | ens 116 described above is attached to natural |ens 106.
shown i n A0 nacifical Iy, supplenental intraocul ar TS EEacts in
conjunction wth cornea 102 and natugsl |lens 106 to create a prismatic

| ens system which focuses light rays 114 onto a portion of the retina 110
away fromthe macula 112. Because the light 10 rays are focused on to a
heal thy p L anfedae retina 110, the inmage seen by the person is not
adver sel y%m%%y the macula 112 that has been damaged due to macul a
degeneration. Accordingly, vision is greatly inproved. Supplenental

i ntraocul ar lepns,166 can al so iinclLude the nodifications discussed above
with regard toﬂsﬁ'ﬂﬁ‘f“é??gﬁlﬁ’éien‘f’ﬁilﬁp&’@ P’éfmﬁ%‘ﬁ?l%&’@.mﬁé’e' PoRA $ts. 27 and
28, the I&ssppR sfmet cdniﬁrrsag@w @nda®¥PthelfP 2t RN nRGraA bt AciREM] £ &N
intraocul ar lens 142 that has been nounted in the eye in place of the
natural | &ieseyeohe intiapenlarlensicemprisingzaocul ar | ens 166 al so can i ncl ude

haptics 172 an qggg] I ] . in. Figs. 31 and
32, the hapti cgleg{%émgi?{ﬂ’ 8%%’?%5&%&3@? H?%&%)%ﬁ%?%%f’ 6 "he zonul ar
| i ganent 8&iveas tliclecaciohs efriiie sarhelmd IDSndtarab@cattificidliensdn ! egarhi al

intraocular lens 166 onto or proxinmate 20 to the front of the natural |ens
106 wi t hotf™s PREOGLETEISYBue or adhesive. Al so, as shown in Figs. 33 and

34, the suppl ement & fiks\$drfios Hhvakig duBRSnchBd ndirbacliaPpéw; @2 and 174 can be
mounted in front of an intraocular |ens 142 already inplanted in the eye

100. Al t hough onl.y %sesang Roxeem rdapyedaaisiser apath of light rays passingent i on have been

descri bed i L L i i
appr eci at SpeEhh o BRAYE whd ARRAUAKL AR Vo Befie 1 far{ BRI eh |
enbodi mentdensiestaonat ofrthé ey tefdry pdeipartirongh the ewondpomionel t eachi ngs and

advant ages of this invention. Accordingly, all such nodifications are
intended to be included within the scope of this invention as defined in

the fol | owing g AbTHrackubBln2RQUkiMQ Ri32H0RhREK: US99/ 25857 - 15 What i s
clainmed is:
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.



1. An intraocular |lens, adaptable for inplantation in an eye, for nodifying
the lens systemof the eye conprising the cornea of the eye and a natural
or artificial lens in the eye, the intraocular |ens conprisMag20a4! ens
portion, being configured for inplantation into the eye at a | ocation
relative t@obfigbocati ons of the cornea and the natural gr@bbhdskci al |ens
in the eye, the lens portion conprising: a first portion having
substantially no refractive power; andé-a second portion, adapted to alter
a path of light rays passing therethrough to provide the eye with
magni fied vision when the [ight rays pass through a |l ens external of the
eye before passing through the second portion. 2. An intraocular |ens as
claimed in claim1,, mhereig: t he .second portion_is a mnus |ens having a
Bd

power wi thin tﬁeAlﬂdﬁﬁéocﬁkar befclaimed in iy Hherepo diopters. 3. An _
intraocul ar | epgs BSensl & egaﬁrlo 1ol ‘imfﬁd&"&ﬂ]ﬁ%{ﬁ&% RRd b permits

the light rays to pass theret ugh essenti altering a

di r ect i on addptableioarguiovably ssture hle inirgdnular daps in the epen i ntraocul ar | ens as
claimed in claim1l1, wherein: the second portion causes the light rays

passi ng therethrough to diverge. 5. An intraocular lens as clained.,in claim

1, further conpr Asiifigaocalaf Rt Sdlimedc MR, whetehe | ens portion and being
adaptable to remivabl y.secure, the lens ﬁgrti on in the eye., 6. An
i ntraocul ar | eH$ lens POFURTaRRrisesat fpthone ohhdrusParent (fgamaweeraandsnpri ses an

adhesi ve, :éﬂ%%&?kﬁtﬁé?ic%%&fﬁ a surface of the lens portion to a surface
of the natural or "artificial lens in the eye. 4 May 2004 WO 01/ 32105

PCTI US99/ 25857 -16 7. An intraocular lens as clained in claimb5, wherein:
t he fastener CP ri.ses a@ﬁkeast one, hapt.i ,Wclhou |ed to the [ ens portion and
e 4

bei ng adapt ab JATFaRBA 5 ASelamrd my i, lar lens in the eye.

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



8. An intraocular lens as clained in claim1l1l, wherein: the |lens portion
conprises at | east one of a transparent organic material and a transparent
synthetic nmaterial. 9. An intraocular lens as clained in clamgydoopherein:

t he second portion is a bi-concave lens. 10. An intraocul ar |l ens as clained
inclaiml, wherein: the second portitgn is a piano-concave lens. 11. An

i ntraocul ar | ens, adaptable for inplantation in an eye, for nodifying the

| ens system of the eye conprising the cornea of the eye and a natural or
artificial lens in the eye, the intraocular |lens conprising: a |lens
portion emhimhg hiemm mighsethertthal 04witioraspéat & thie\festpobetantiaiig pwnfaf suafdcs, dutlght

" ooat § o BR e Ring e g Bep o R, 8 el A (A %

artifich@lace@Rits i@ sEéb%d%Mﬁ'aéeoat %Qé&m anBR, leBlifve (S URIRR RitdiMfssuch that
the nodified | ens systemdirects [ight-rays passing therethrough onto an

ar ea ondiffesent dromnthedirsttangleeye ot her than an area onto which the 1ight rays
are directed by the I ens system absent the intraocular lens. 12. An
intraocular lens as clainmed in claim1l, wherein: the lens portion is

pri sm shapedAnligtraddlar-Mrsa0elakfiéd ineSinAFl whee®d in claim 12, wherein: the
pri smshaped | ens portion conprises a first substantially planar surface

and a seconthedgmsoatien ifegnelishepad. sur f ace, opposite to the first
substantially planar surface and 4 May 2004 17 extendi ng at an angl e ot her
than O wth respect to the first substantially planar surface, such that
light rays enmdnirng@utadéenpns shitdd iauddimt he firthes torapridiage at a first angle
relative to the first surf ccie exits the second surface at_a second angl e,
relative to # t@??sﬁ“%lﬁéj anfg@ engMPEPN; and dreimeadapiable to rmeyably seure dhgyl e 14,
An i ””f’éﬁﬁgbﬁ{nl ~clained in claim1l wherein: the lens portion is
fresnel 8 n intraocular lens as clained in claim 11, further
conpri si ng:

16. An infraocular lens as claimed in claim15, wherein:
the fastener comprises an adhesive, adaptable to secure a 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.  Anintraocular lens as claimed in claim11. wherein:
the lens portion comprises at least one of a transparent organic material and a

transparent synthetic material.

19.  Anintraocular lens, adaptable for implantation in an eye, for modifying a 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 substantially non-refractive portion which permits passage of light rays
therethrough without altering a path of propagation of the light rays, the substantially non-
refractive portion including a portion, adapted to alter a path of propagation of the light rays



a fastener, coupled to the I ens portion and bei ng adaptable to renovably
secure the lens portion in the eye. 16. An intraocular lens as clained in
clai ml5, wherein: the fastener conprises an adhesive, adaptgihe2teq secure a
second surface of the lens portion to a surface of the natural or
artificial lens in the eye. 17. An intygaocul ar lens as clained in claim15,
wherein: the fastener conprises at | east one haptic, coupled to the |Iens
portion and being adaptable to renovably secure the intraocular lens in
the eye. 18. An intraocular lens as clainmed in claiml. wherein: the |ens
por t i on passiny therethradghl to alter tha tene kyserh ol iyt en direst Gighi @yspdseinigal and a
transparent synthetic material. 19. An intraocular |ens, adaptable for

i npl ant &hsrethraqugh gptonaares gy thegetinaatthe eye ol thap an axea oo prachdbe lightpr i si ng
t he cor ] FNEth . [ f,1A6 lens in the eye, the
intr aocSi@}grﬁ% %ltrrlésw%orrpr ?2‘?‘33”%“?& sntt g{r?tlﬁgﬁcya?\g%-g'r efractive portion which
permts passage of |ight rays therethrough without altering a path of

propagat,i.on of the |ight rays, the substantially non-.refractive rtion
Preruaran s dn bt densedbbimedin Qe & Nerin oF Bptighelom s oREY | | gnt
rays 4 Meypaghiitth JGhBRSIRIrAG WS BE NERUGH pRs Brbeh dN &Rl et alsiddre eye
to direct 'IIrght rays passing therethrough onto an area on the reétina of

t he eyeiwphlgesehan an area onto which the light rays are directed by the

| ens system absent the intraocular |lens. 20. An intraocular |lens as clained
in claim19, wherein: the portion alters the path of propagation of the

light rays when the light rays pass through an external |ens before passing
into the eye.



