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Background O The Invention The present invention
woeb@tmessho i ntraocul ar | enses (1 OLs) for inpl a0TASR@A/030054

in an aphakic eye where the natural |ens has been

renmoved due to damage or disease (e.g., a cataractous

| ens). The present invention nore particularly rel ates

to a novel |OL designed INTRAGUUDAR 1gNare as wel | as

the unwanted grom h of lens epithelial cells (LECs)

between the I1OL and posterior capsular bag, also

known as posterior capsule opacification or "PCO'" to

those skilled in the apl . fuhPHIRR. AYSRES! rabl e
met hod of treatlng a cataract eye Is to renove the

cl ouded, t
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bag C%talhatgbsr@?%Tﬂ%|pyesglger9‘1%a§é{ﬁ%3 Ry e e ok ﬁqliVP?fOL designed

part of the capsular bag) in place within the ey

t hi & inhibitizme es wellns theapaiantsd etpsgh pllges spiheliasberbls éfeﬁ% betwween
the eye's ciliary body through the zonular fibers. In

an el rat pogierise eehsrler agosp knowings pestaios cApatle opacification or
extraction, both the |lens and capsular bag are
renﬁP@O”hnmbhekﬁhéhﬂheaty by severing the zonul ar

fibers and replaced wth an I CL which nust be

anchor ed Awiotrich ahth desiryiele atethea bf tréging apsinthétreydBgo reflv@e the

i ntracapsul ar extraction nethod is considered | ess

at t cRANdY BatdS] BAYRRATEade & Wiltfan £iidiAlCODSLH Afrgical procedure known
extraction nmethod since in the extracapsul ar nethod,

t he ;canaididkoRaon. i fERkiRaulRENREHSPMENS, @¥Shafiral lens is removed
ciliary body and thus provides a natural centering and

| oc "ﬁto?ﬂqtﬂ g%fs‘@l l;a RVlltllg ‘feal/gg tﬁ’éf'ptoaélno hﬂﬁ ofUE: cari/g\%ﬁr bag (and preferably

capsu contin tion

2004( l(e)as(l.) %a819 otp %T nLtjé%)(r) %53.14 9§ t%) éa%sular bag) in place within the eye. In this

instance, the capsular bag remains anchored to the eye’s ciliary body through the zonular

fibers. In an alternate procedure known as intracapsular extraction, both the lens and
capsular bag are removed in their entirety by severing the zonular fibers and replaced
with an IOL which must be anchored within the eye absent the capsular bag. The
intracapsular extraction method is considered less attractive as compared to the
extracapsular extraction method since in the extracapsular method, the capsular bag
remains attached to the eye’s ciliary body and thus provides a natural centering and

locating means for the IOL within the eye. The capsular bag also continues its function



of providing a natural barrier between the aqueous

hunor at the front of the eye and the vitreous hunor
wabtod4sossear of the eye. One known probl em wi t RCT/US2003/030054

extracapsul ar cataract extraction is posterior capsule

opaci fication, or secondary cataract, where

proliferation and mgration of lens epithelial «cells

0CC of pdkiditg dMaerflostRf b@wesddRsitueod @mbattiefrdiObf the eye and the

posterior surface which creates an opacification of

t he vaRRed B aPME rdah6f BPEJecal axis. This requires
subsequent surgery, such as an Nd: YAG | aser
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clear the optical axis. Undesirable conplications nay
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conplications, It is therefore highly desirable to

pr epefit N @ g capsyeéannse to i5a diefriosiahersapsuly ang ghepgby glear the
pl ace and thereby obviate the need for a subsequent )
pos Peiiqabaxis. d desiable spappliogiensauay fpkavh d sansalptonte Epr example, since
proposed in the art to prevent or at |east mnimze
PCOtlermbstetioscapsudeoproidesraunabiesl barfrieNoktwe® thelsek of the eye vitreous
capsultomes required as a result of PCO These PCO

pr ewembt ond froat biHs eyeraqhicod € hinay, REional ©f the gosterda capsule allows the
nmechani cal neans and pharnaceutical nmeans. In the

e C ko Gahunite a6\ Higat @GOy a@feod v @h@Mich® fesuleinfsefidus, sight-
have been directed at creating a sharp, discontinuous

ben %&aeﬂi?mkﬁwn@ ITt i6 @RS nipAly! de¥iib o b vt @6dtdtior capsule
recogni zed by those skilled inthe art as an effective

met iy &iﬁ(ﬂﬁomnnch ikt &eh e§%§ obyidt® ’Ehe%ﬁéﬂ%& qubsequent},posterior
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Posterior Capsul e acitication by N shi, Journa

Cat ef ractive Surgery, Vol. 25, Jan. 1999.
Thig&%ﬁéggnfinuous bend in the posterior capsule wall

can be %arious methods have been proposed in the art to prevent or at least minimize

PCO and thus also the number of Nd:YAG laser capsultomies required as a result of
PCO. These PCO prevention methods include two main categories: mechanical means
and pharmaceutical means.

In the mechanical means category of PCO prevention, efforts have been directed
at creating a sharp, discontinuous bend in the posterior capsule wall which is widely
recognized by those skilled in the art as an effective method for minimizing PCO. See,

for example, Posterior Capsule Opacification by Nishi, Journal of Cataract & Refractive

Surgery, Vol. 25, Jan. 1999. This discontinuous bend in the posterior capsule wall can be



WO 2004/ 030580 PCT/ US2003/ 030054 created using an I QOL
havi ng a posterior edge which forns a sharp edge with
woheos/pessopheral wall of the JUL. In the phar neCe@SR2@al30054
means of PCO prevention, it has been proposed to
elimnate LEC and/or inhibit LEC mtosis by using an
LEC-target ed pharmaceutical agent. See, for exanple,
U. ScreBatl @sihg &n BAOhAHS atpdstBiiced gwhith fdrme e shaveédpe dvithake
Destroyi ng Residual Lens Epithelial Cells". Wiile this
apphedshiral svall gihe &L N theory, putting such a nethod
into clinical practice is difficult due to
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on the posterior surface of an I CL is the nmechanical
neafsiting sych a mgthoddnioghnigy prastice indiffignltfhg éo eonytigetipns arising, for
peripheral edge particularly at the posterior surface

- pexdnie figm e tpxidgity o€ sameotitle IdH e mhbiting agendtbambatves (2.,
bend in the posterior capsule wall. This discontinuous
bendapiorin}, hewelpasthe difiaqulty apesirmgwebial Killsf f&BRCs in the capsular bag.
clinically proven to inhibit the growmh and migration

of Abnk@sngisiag LEGS mapevedtualyimaltiplygnt hdgrbi©lovathd e evénnally

of the early reports of this PCO inhibiting effect of

a pkabifiag MBsO Hédpiterti¢ ahemptQUNBC irdindw4Pdt ARAIhOSY stfgery.
Endocapsul e Posterior Chanber Lens After Spontaneous

Post er i 0By Blr fleQfdt hRmife MR fof Inhiting L BCCRMA4RAlondhe posterior
Ref racti ve Surgery- Vol f%, March 1996 at page 273

whe Elﬁk‘a!ae Bpﬁl I@ﬂlg BleSneck: . t@ s,%.,%}? gl?s?%?ﬁggtﬂe %OL to ha%le a sharp

pl anoconvex PMVA | CL ere e po rface o

the P%r#!éﬁera‘lf\@%a géﬁg@%lﬁ%%%{éﬁggr sﬁrfﬁc%l‘l—%e%pﬁqueedg\é jtlllla]ctltlrlg %o create a

per ra

discontinuous bend in the posterior capéule wall. This discontinuous bend in the
posterior capsule wall has been clinically proven to inhibit the growth and migration of
LECs past this bend and along the IOL surface. One of the early reports of this PCO-
inhibiting effect of a planoconvex IOL may be found in Explanation of Endocapsule
Posterior Chamber Lens After Spontaneous Posterior Dislocation by Nishi et al, J
Cataract & Refractive Surgery-Vol 22, March 1996 at page 273 wherein the authors
examined an explanated planoconvex PMMA IOL where the posterior surface of the IOL

was planar and formed a square edge with the peripheral edge of the IOL:
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the explanted 1 OL and capsul e revealed a 9. 5mm
woapsuizessdi anet er. The open circul ar | oops fit peglus2003/030054

al ong the capsul e equator. The capsul e equator not in

contact with the haptic was also well rmaintained

(Figure 3). An opaque |ens nmass (Soemmering' s ring

cat ar act jMacs@sosie elwhd theeeplattbeI0laptdi capsubndvealptlia®. Smith e

posterior capsule facing the 10OL optic was clear.

Hi st opat &?b@@ﬂigﬁkteﬁmabmtcﬁ@maﬂﬁoﬁsm wel ploag tirtagapsul e

reveal ed few epithelial cells (LECs) on the posterior

capsul e. oquBSt Wee Bagshie clpR@RSoBiRdofth® waitthhaphc WaNEsIWREB
wi th accurnul ation 'at the edge of the optic was seen

Fi gure . [ i i ) )
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Thus, in_th i .t hi i

coen’ mucH ey GRS BRI hRP oo iRl 2
poster | O}Qﬁgnges so,as to create a sharp, discontinuous

bend in GYE ElEfor capsule wall. Wiile IOLs having
a sharp posterior edge have proven to .inhibit PCO

conpared to I@@PWEQ/PW@Qlr%‘ﬁ’i‘fﬁ@ﬂ’”é’%@héfxpcﬁ"”f Pyt eri or
surface-peri pheral edge juncture, there still| remains

the possfasealedfowepithefiaiscells Gkl Highap&Hor KePs@ést er i or
capsul e and behind the IOL surface, especially if

t her e i sBefmeswrethe bons anshthaertics legemess withaccunglation at

peri phery with the capsul ar bag. This may happen, for
exanpl e, thsledgd of thehptit Glas seen F8gwe #hilhere ves capsidiar bag
foll owi ng surgery. There therefore renmains a need for
an i npr syEdn Hapostesirgapsilid axbhiaddr e (Eamphdsisandgedbl em of
LEC mgration and PCO formation. G are is another

probl em $REh AP FeafGRY Hieiepstt, it ipdisire RdsSediaidhhctivity on
artificial introcular |enses. 3 are can occur along

t he RIGE ©FLsAthi sHRD PDEEF: bes BY as tb eleB@ Alshdrp AMcontinuous bend in

the posterior capsule wall. While IOLs having a sharp posterior edge have proven to
inhibit PCO compared to IOLs having rounded edges at the posterior surface-peripheral
edge juncture, there still remains the possibility of LECs migrating along the posterior
capsule and behind the IOL surface, especially if there is uneven contact and force of the
IOL periphery with the capsular bag. This may happen, for example, should the IOL
move within the capsular bag following surgery. There therefore remains a need for an
improved IOL design which addresses the problem of LEC migration and PCO
formation.

Glare is another problem sometimes encountered in patients having artificial

introcular lenses. Glare can occur along the edge of an implanted IOL by incident light
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edge surface and reflecting back onto the retina. This
woomgpessial |y true in the case of | OLs havi ngCpluBn®B/030054

peri pheral edge geonetries such as that shown in prior

art 10L 30 of Figure 3 which includes a planar

peri pheral wall 32 defined at the juncture of convex

ant edyis etrikingrthagige Sdfaasehdpkfidgréing pak toatoi the reting. Tasas SPecially true in

VWhile this |l ens design works well at inhibiting PCO

due tieabd¢f IShahdyipdgmalgiphérhl cd@egeontrits BEhta® tHat sho@Mltin prior art

glare which can occur due to light reflecting

I nt evnNab byrehd 3nlaaRmcwadsla aPEhpBdrhl Wl N2 defifed £tHeN@acture of
The pri or ai‘rggl | OL 40 of Fi‘éﬁ%e4|ps desi gned to L

Pr e\eRlex Shidfi&r shith RUARnAphAHPIG or S6l9R e 96 Sk ik MRBER design works
both the anterior and posterior surfaces 42 and 44 are
. ..defd ' | . ' .
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42, ' PCQ It may. i
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time elimnatin | are can conflict with each other as

i s &dgcrispign a’hPlﬁ%P%éh“p‘i‘*‘}tWr aiq posteriof yygface g anthffiyare rounded to
rounded edge g]eorretri es have been denonstrated as =
us efdefinef peripledral pilgrkap-rieppe¢ievelyr Wihile this depignial ke awefid der inhibiting
glare, yet on the other hand rounded edges may all ow
PCOgtage, itowmilit moTdilely nBew {ens gfithelinl ecllydo epsiyrptigrate slong the rounded
been denonstrated as useful for preventing PCO yet

t he pstigHead eafaoh 42 hhetkblyicreatibd®BC@har p edges can cause

glare. Solving one of the problens may thus

I nadver t giidy\hnGad selibdiehatiedesiph obdlesn ifiBitit PEOAiBAL the same
There therefore remains a need in the art for an IOL

Whi G eHBRO9iaE %ia{e\/caﬁl ehireMeghRAt othaas s@RideRRl $n 1?15 pR&Qrt. On the

and glare inhrbition and which is of a relatively

S IT‘B#.“JB hgﬁ,sliogﬂdegreegg geBngtrﬁg w&gén%nﬂgstﬁ%ﬁ%s Qleful for eliminating the
manut act ure and ease of | nplantation. 5
reflection which causes glare, yet on the other hand rounded edges may allow PCO to
occur. Conversely, sharp edge geometries have been demonstrated as useful for
preventing PCO, yet the surfaces which define the sharp edges can cause glare. Solving
one of the problems may thus inadvertently cause the other problem and vice-versa.
There therefore remains a need in the art for an IO which successfully achieves both

design goals of PCO and glare inhibition and which is of a relatively simple design from

the standpoint of ease of manufacture and ease of implantation.
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I nvention The present invention successfully addresses
woOheosthseisgn goal s of inhibiting PCO and gl ar e Pby/us2003/030054

providing an | OL having an optic with an optic

peri phery having a rounded anterior periphera

surface which neets with the planar posteri or

peri pheral surface at aSupaniy Inventige whi ch defi nes

a substantially 90 angle. The perlpheral edge extends

around t fike pradent ibveneion plveesgfully addiess@phd desizn dodn gRigkiditing PCO

the posterior capsule when the 1OL is inplanted in

t he agy glare-ﬂyﬁ)rcfi@dmg)itﬁm ha®igen bﬁﬁkﬁwiﬁﬂﬁq @ptis @&ﬁ}ﬂlegdﬁlelng a rounded
configuration owing to the 90 angle it defines, yet

al s @nidAS Rripid) 48hc8 Mhfhi netsREH tﬁ@ﬁlﬁﬁﬁr p§é4§rfcﬁ“f;@nﬁﬂ§fa? Furface at a
is effective to elimnate glare by directing |ight
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ow ng are patents and pu icati
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ar r|or rt Fi gur 3 her eof ich is the
Vef %W@g f—’i? t dptinepet lfodes pRualed aupriogporpheraleg e yigh is
to Deacon et al on Dec. 19, 2000. The Deacon patent
di s Effertive taslintpais glpieby diserting dighl mpingimg o8 tip pufecapway from the
directed at reducing both PCO and glare, yet the edge
geo®tRi es associated with the designs have nultiple
curved and/or roughened surfaces which could be
di f f i cul Theafetlowngeregiateststand peblightaont whish sBow\@rious IOL optic
2004/ 030580 PCT/ US2003/ 030054 Brief Description of
t he pB¥ijghatynigsigns:

U.S. Patent No. 5,171,320 issued to Nishi on Dec. 15, 1992.

U.S. Patent No. 5,693,093 issued to Woffinden et al on Dec. 2, 1997. This IOL is
discussed in more detail below with regard to prior art Figure 3 hereof which is the
Woffindin et al IOL.

U.S. Patent No. 6,162,249 issued to Deacon et al on Dec. 19, 2000. The Deacon
patent discloses various IOL peripheral designs which are directed at reducing both PCO
and glare, yet the edge georﬁetries associated with the designs have multiple curved

and/or roughened surfaces which could be difficult and expensive to manufacture.



Figure 1 is a cross-sectional view of a human eye

showi ng the natural lens within the capsular bag of
woOheos@pessoFi gure 2 is a cross-sectional view obPCa/uswaN030054

eye showi ng the natural |ens renmoved and replaced

with a prior art I10OL; Figure 3 is a side-elevationa

view of a prior art 10OL; Figure 4is a

si de- el evati onal vi ewBgitf éotifin ofthe®rawing | OL; Fi gure

5a is a side-elevational view of an I OL nmade in

acC PiEANTR aWrdsh-sédiBnf) W RSAITa huhndy 6y sh6Wing Akthafuird WrE walkin the
is an enlarged, fragnented view show ng the detail of

t he RRLLPPE Rlheagge configuration in the dashed
C|rg%§ gfgﬁgg Egg Det ai | ed Description Referring now

to thg%réji ﬂve\f' CP&F séctﬁgﬁaq V%C%V ﬁ%%ﬂm'aﬁ] e}lr:e sﬂ&%@g l‘heqlatural lens removed and

cross=sectiona I ew o human havi
anterlor chanber nd a posterlor chanber 14
sepgﬁgc %ﬁa?ﬁora|¥ﬁ§ 30. Wthin the posterlor

cha a,ca {e 16, .whi.ch h s the eye's

nat %ﬁm @Pngé?T@ﬁ a} gpe o #priqriaglOl nt or s the eye by
paSS|ng t hrough the cornea 18 to the crystalline Iens
17 ﬁetﬂqged%&éftﬂwa YigW Qf another Bid 2#td@hs the i ght

upon the retina 20 |ocated at the back of the eye.

The Figsrg fels & sideralevaiond vigyeoiopntIDE mpade {neacogrdgfisk avith the present
transmts the imge received by the retina to the

br ainvefition; pudt er pret ati on of the inmage. In an eye where
the natural crystalline | ens has been damaged (e.g.,

cl oliihmek fhyis at edlaged; fisymerttdibvievathovahg the Agail of thopdripheral edge
able to properly focus and direct inconming light to

t he cofigufdion itkht dRpesciRECE P, bh.urred. A wel | known
surgical technique to renedy this 7 WD 2004/ 030580

PCT/ US2003/ 030054 situation involves renoval of the
damaged crystalline | ens which nay be replaced with

Detailed Description

Referring now to the drawing, there is seen in Figure 1 a cross-sectional view of a
human eye 10 having an anterior chamber 12 and a posterior chamber 14 separated by the
iris 30. Within the posterior chamber 14 is a capsule 16 which holds the eye’s natural
crystalline lens 17. Light enters the eye by passing through the cornea 18 to the
crystalline lens 17 which act together to direct and focus the light upon the retina 20
located at the back of the eye. The retina connects to the optic nerve 22 which transmits
the image received by the retina to the brain for interpretation of the image.

In an eye where the natural crystalline lens has been damaged (e.g., clouded by
cataracts), the natural lens is no longer able to properly focus and direct incoming light to

the retina and images become blurred. A well known surgical technique to remedy this



an artificial |ens known as an intraocular lens or 10OL
such as prior art 1OL 24 seen in Figure 2. Although
woOhermsesse many different |1 OL designs as wel |l &6TmBmy03/030054
different options as to exact placenent of an ICL

within an eye, the present invention concerns itself

wth an IO for inplanting inside the substantially

oV OkiflnGhaReslvaapaoyae oflffic aimeie crydibllind Rhswhith han batdplied with
technique is comonly referred to in the art as the
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light upon_the retina, and further includes neans for )
secteehmgie: Fthis spgical tF‘Hmkﬂ“&pi’d?artyﬁ’é SeppigHonRorn PLihgerapsular bag is
capsul ar bag. A common | QL structure for securin% t he

opt P& aivgy Geined @ “sanselphiesis Umhélp lqaging the@estpriqrgapsule 16a intact and
structure extending radially outwardly fromthe

per stihgcyredfo thhaliaytbody 26.n a particularly common | CL
design, two haptics 24b, 24c extend from opposite

si des of Thhsemapd fig-tleddgCerique@f fDlowirgkey, dhedliOdsis nlyced inside the
force against the inside of the capsul e which secures

t he cgRtile a 6 iwhidhilelopitePieshindald itk 80 invht Posterioh éhantbps 1M 6f the eye. An
(see Fig. 2). As stated in the Background section

her @81, incRfAed ARG RRE BorROS b4aSIHiGH GRlilates BREktrARIY daf@MMlens by
as posterior capsule opacification or PCO may occur

whi ‘&H%c[‘aﬁg yhd {%cﬁsﬁhgfl&g% {lﬂmltﬁé%ﬁlgd, b RES QBLREs b d8Lecuring the

and thus no | ong e to properly direct and focus

light..theret . ' e i it .
B N L A S R
PCT/thLeJ:So%gg %/cgﬁeodo aslféptic which is a resilient structure extending radially outwardly

from the periphery of the optic. In a particularly common IOL design, two haptics 24b,
24c¢ extend from opposite sides of the optic and curve to provide a biasing force against
the inside of the capsule which secures the optic in the proper position within the capsule
(see Fig. 2).

As stated in the Background section hereof, an undesirable post-surgical
condition known as posterior capsule opacification or PCO may occur which results in an
implanted IOL becoming clouded and thus no longer able to properly direct and focus

light therethrough. The main cause for this condition is the mitosis and migration of lens



epithelial cells (LECs) across the posterior surface

of the capsule behind the ICL optic. As seen in Fig.
wa@20d4v80380st eri or surface 16a of the capsul e 18Crwsedwsn30054

the posterior surface of the I1OL optic 24a. Wen the

damaged natural lens is surgically renoved, a nunber

of LECs may remain within the capsule 16,

par tepithelialrdeils @EGsheresy datposterldButiive oé thie cagsuiietbehiad tHelOL optic.

principle source of germ nal LECs. Although a surgeon

may Aatst@niptFid. Q, the peveiodkdrfacd Fa%offieapdultel 6aished @E pbadior surface

at the time of 1OL inplantation surgery, it is nearly

| NPQ$&ENOE o F)ﬁ’c SRMMEN B QhMageld Atutl tBCis sO¥diCall PRI number of
LECs can multiply and m grate along the posterior
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having rounded edges, where een ound t
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seen in the prior art I OL 30 of Figure 3 which is seen

to Ploes d@@oate%?wwubéwlplﬁéﬂéhls i ag&cm%za@ued@fl%@hpvmg rpppsled
juncture of posterior surface 36 and peripheral side

wal ledges, Whgag 1t Bas igpi foupd thet dinically signifiesntiBCQeesuliinaout 20%-50%
useful for inhibiting PCO for the reasons expl ai ned
abowépatientyghraeysiatgrpostishigeryo t predekidy yopohusiel effeative mhahod of

occur since light will reflect internally off the

pl apevepagiRaiCeisab cromé b siBPp, disdorsinnddsdehdia theidstesior chpsise wall 16a
while the IOL of Figure 3 is useful for inhibiting

PCOpy iptovitiiigod $hetipaldgd M tEapbsREoBdas 6f hIGINbIdS. SuchRe IS Hay be
the present invention overcomes. Referring to Figure

4, 38Rt ele phibt A IGH 30 dPigAO3 bhich ROWEL WhhGhdel aSshgt'p %%_}%gal edge

prlnarlly at preventing glare at the edge of the

Thi £, | &gﬁg Qt é]hﬁé?@rg of WS&HQPSH%CC B%dzgﬁ nglgpm %aglgés]{v%lg’jlﬁhﬂe this

roun ot anterior and posteri o

= S 0 A 80 83595, F0 My o hove
the design will most likely cause glare to occur since light will reflect internally off the
planar peripheral wall 32 and strike the retina. Thus, while the IOL of Figure 3 is useful
for inhibiting PCO, it unfortunately causes glare which is a problem the present invention
overcomes.

Referring to Figure 4, another prior art IOL 40 is shown which is directed

primarily at preventing glare at the edge of the IOL. This is accomplished through an
edge design which rounds both the anterior and posterior surfaces 42, 44 as they

approach and meet at edge E4. In the specification of the Woffinden et al '786 patent



WD 2004/ 030580 PCT/ US2003/ 030054 which is the subject

of this prior art 1O, it is stated that this design
wo0@fiessbi ve at preventing edge gl are by ref peTiisSng3/030054

incident light striking this edge away fromthe

retina. Wiile this design may be effective at

preventing glare, it would probably allow PCO to

occwhidi is de snigert o€ thigpot et 1O, ity sth@d dmnt thpadetipn isl edifebtive at

at the periphery of an IOL, have been inplicated in

t he prévestiratedpegla® be refRosiey i0idEBshtRe kel thid §dgeamvat Brom the retina.

Figures 5a and 5b, a preferred embodi ment of the

I NV ephile/isldGlign B8y bSeffdWht plential glafe, 8RNI RobdBE/ é}ﬂ@% PCO to
a central optic portion having opposite anterior and

pos to%édr@fnc§f&1£@eﬁ%sé@or@ﬂﬁac§n {palrh%t?lgt%‘;{tt' eeﬂe\{lgh&? §fn I L have been

inplanted wthin'the eye, erior “optic ace

f 20 g5 fii5eddg m&%&%a&%&w opti ¢ surface 54

faces e re or nore haptlcs (not shomm)

may be a ched to nd exte from.o .

the peri %ﬁg 1%‘|56tsl)g a% P> apEte crgeﬁ ui?g]ﬁmt g%le mventive IOL
provj de a bi force |nst the  interjor of the

g e @Sﬁp‘%ﬁ S 3OSt § St Ot PR onpe anterior

particularly, the haptics are conflgured such .t hat

upordng ﬁ?_ﬁt%m SHECt aPE‘f“WP%PﬁCttVﬁ]é( Whe impdgntesapithip e eye, anterior
haptics engage the interior surface of the capsul ar

bag aptic W@cwg%f&e@s theeomnear} 8 ppgyposgeriomppdic suidiya §é Maeag the retina 20.
bet ween the haptics and capsul e creates a biasing

f or EnecaumraigptitsdnotGhowgptaydetaiachad ot ang estend fram opposite sides of
toward the retina 20 whereupon the posterior surface

54 ake jienipher) QE the ppticcang neseefgure Qo tprovidegeiiasaty folee against the
interior of the posterior capsule wall 16a of capsule

16. ihteridrof BRtcaskuleidtto ptoperly Faaman IGO0 pRedd. Myt pgtieRaRS the
are possible and within the scope of the invention.

Fur thgtidiateontifde DRcHBY RN MRHBNTH:AR 1 YwiRttint 3RJsBlal Kde, the
material, e.g., PMVA silicone, hydrogels, acrylics

and 1 %agg ﬁ1h il G frfacklof it Chpsaldr HFYn ﬁle%‘&mﬁ% S\?\/Ient 1& 8. 2. The

pi ece e haptlcs are integrally forne

t he oRBls el%g Bt er %g aﬁq &S Sile ERLIbiks efgli%egiyh%ng the TOL

hapti /or o S are sep

for r;r)% 1c to Vaul% pos erlo y toward %he ret&%% Wh)ereupon the posterior surface 54 of the

IOL optic presses tightly against the interior of the posterior capsule wall 16a of capsule
16. It is noted that other known IOL positioning means are possible and within the scope
of the invention. Furthermore, IOL 50 may be made from any suitable IOL material, e.g.,
PMMA, silicone, hydrogels, acrylics and composites thereof. The IOL 50 may also be a
one piece (where the haptics are integrally formed with the optic) or a multiple piece
design (where the haptics and/or other IOL elements are separately formed and attached

to the optic.)
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10 WO 2004/ 030580 PCT/ US2003/ 030054 Referring still

to Figures 5a and 5b, it is seen that 10O. 50 incl udes
weano@psosso per i pheral edge E50 defined at the pecrpiseraln3ooss

juncture of anterior surface 52 and posterior surface

54. Wth the haptics providing the biasing force

expl ai ned above, the optic posterior surface 54

presses Reggiriigtstill keFigass &1 indribriapsednethatdOL 50 Gaclalieslan byaic

sharp peripheral edge E50 of the ICL optic al so

Pr eps@ishel 8idR s, dfiePRsthicekifheral dRtir€ofmicriod @face #Sand posterior

nmenti oned above, the primary source of germ nating

LECsuiredh. then tﬁah@tﬁ@srprgﬁbmgfthetlﬁﬁl FERS tpMindaaBo ) e dptic

is located radially outwardly of t e optic periphery

(Fi %oﬁg:lor s@Fack g@fﬁres@s‘ b SR bﬁe pb&¥or @%ﬂhl@ vﬁllgﬁgt&ﬁcﬂﬂe sharp

radi a inwardly along, the capsu ar

ot P a g S %5*82@2 ot s O
I
[ Sﬁﬁt}Sj‘ﬂOI{‘ %LnlEé% nﬁﬁf—? g}e%gﬁlaa’a OprcF RF g %%%ji%ﬁ]? 5I($Cs R4 t{l}eé ?‘@,{}@g"ﬁ 16b of the

t he pos i or. capsul e osterlor

sur F%Rsé aB 3g Wep ‘E@Rﬁa@ o YtS’u el P% tg_g HedeEpherndiie-2hebs LECs
edge E50 may actuall¥ i ndent |nto the capsule wall

and neiéely.dhey hsgnanipptingediaby gyyaelyapne the ﬁapﬁ‘HPstag With the
situation, PCOis still inhibited due to the barrier

ef f éeventife IOdgRY impbnigd avithinethpenedlLEGs miggating prom the capgylpr equator
created through the interaction of the edge E50 with

t he 16bpsuardthe WAL 50 eoirhter ¢dge Ejorwlagit dcisas b Orriestoustebitt LEC

for inhibiting PCO as descri bed above, it will not

i nadiigratienpdsythisqiose (igl.,detveas thepysteriog vapsile wallil6a amd ¥OL posterior
designs such as seen in Figure 3. Mre particularly,

| OL sBfade S4PRRAPAMishhigbite@sTt &ohotsddhad thete@gd P gl @ctadlly indent into the
anterior surface 52 which forns a substantially 90

angly %s‘ﬁ’letvl?alpéﬁﬁkf‘era’ce%rbeﬁ&'fnftﬁ&@ap%e ah1Lefaes FaLioMPED it §ill inhibited
effective at inhibiting PCO as descri bed above. The

ant %gb wthP @511{) er@l! of%&'éef B $nd3aPodnl §lthe @zgﬂmﬁxt wall created through the

I ate egins to arc as one travel t owar d

o A S LB e

glare by \ﬁﬁfeltﬁecitnl/gn%ve IOL is useful for inhibiting PCO as described above, it will
not inadvertently cause glare as may occur in prior art designs such as seen in Figure 3.
More particularly, IOL 50 is seen in Figures 5a and 5b to include an anterior surface 52
which forms a substantially 90° angle with posterior surface 54 at edge Esy which is
effective at inhibiting PCO as described above. The anterior peripheral surface 52p then
almost immediately begins to arc as one travels toward the opticafl axis oasg of the optic

as is clearly seen in the detail view of Figure 5b and thereby prevents glare by reflecting

light hitting this area away from the retina. This anterior peripheral edge segment is

11



light hitting this area away fromthe retina. This

anterior peripheral edge segnent is 11 WO 2004/ 030580
WwOCHI4dSe303/ 030054 desi gnated by reference nuperals2003/030054

52p' and lies in a plane substantially parallel to

optical axis oa50 and has a distance d of between

about O to about 100 mcrons, and nore preferably

bet deggmasdddiytrefOreacechu@ratis 2y’ emblies Tihe pland sibstentially parallel to optical

peri pheral surface 52p arcs in a direction away from

POr takiddasa 3Ad hdsQWhdtshco B lof Balvesyabsut®ab @bdun 1@0 MiAsHE) and more

defining a snoothly bl ended anterior optic surface.

Wi |8 @619 hbieePRIobPh &1dalo rfibfohaaBe %&idrﬁ:eﬁﬂfeﬁ@ Qurf:R8 52p arcsin a

descri bed, the posterior peripheral surface 54p

I eNRBSion YREY 8Bk Rkdon sBhasdrd ogéiéah%@&so thRGndnfoERIeRhing a

optic surface profiles of ICL 50 lying radially iInward

of ri . . L. i

Fi oSob BNl M A5 Epc eRoB iR AR Dol S8 B curved

alter ggs%%lf«%ée%a? %o&gg’olr %Er? q‘ler%? %ug a?e%,]%g) el.“él’gl&llgl? ?u&ét%ﬁﬁaﬁl&?ﬁ%g‘ﬁ glthough

of tf as’1's OWN

art (e.g.,.spherical, a erjical.. conc . an .

o BRI ot RORRGL It Tk n BB pf periera suraces
preferred nmethod of form ng the edge copfiguration in

t he SPppngin e gpfratestip F r%egﬁ g o phgbstargy Plipay thaymay altemately
operation where the 1OL optic is nounted to a fixture
and bg desigried aggording torfhe tequiremenis @f the petiant pshis knqyn to those skilled in
geonetry including edge E50. O her nethods which may

be dmpirbigar) splericals sphpdiisalp eanicppivetral| vasalipas gacbrpatbinations thereof).
includes nolding, for exanple. It is also preferred

t hat t he Aeglgentibfirefesreppmothed d&idrmimg ilegdpoddndurmigon iofthe IOL optic
ICL 50 so as to ensure the edge E50 retains its

or i GoRBmpHeL ERkifY and/dr nhiflinglop&atiwal wgkrd fhatOL btid iOmotiyd to a
be made of any suitable material including, but not

I mg@de bl a RIRRAYSE Hill i§ hidd¢OOR $he IBMMBomaey Mkludifig 80 Esy. Other
conbi nations thereof. For exanple, 10OL 50 may have an

OPt i Geth 8 %@ch%ayod'éee yed J.to_af{nfm e p@x@;gﬁra%e @&ﬁetﬁf includes

another material and haptics made of the sanme

?ﬁlt ﬁ%&l?rilgg,e ; { %@%p%?tﬂ i a6 pl%ge%d ﬁx@pthe Q&ge%s(gils Ho%c?e'atduring polishing
of IOL 50 so as to ensure the edge Esq retains its original geometry.

It is also noted that the IOL may be made of any suitable material including, but
not limited to, hydrogels, silicones, PMMA, acrylics and combinations thereof. For
example, IOL 50 may have an optic formed of one material, an edge Esq made of another
material and hapiics made of the same material as the optic or edge Eso, or a different,
third material.

This unique peripheral edge configuration provides an IOL 50 which substantially

inhibits both PCO and glare as described above.
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Thi s uni que peripheral edge configuration provides an

| OL 50 which substantially inhibits both PCO and
wgolharsmsessodescri bed above. 12 WO 2004/ 030580 PCT/US2003/030054

PCT/ US2003/ 030054 What Is Clained Is: 1 An

intraocular lens for inplanting in a human eye,

conprising: a) a lens optic having an optical axis

( oa¥hat drClaimpddsi t e anterior and posterior surfaces

(52) and (54), respectively, said anterior and

postier i 0An istHobd&dsns(foZinpnting Md)hubam ey c@nprisiviger i or

peri pheral portion (52p) and a posterior peripheral

portion gb4p), r e%ﬂ@&tdpﬁghyvmgﬁcﬁl dpticdN Bk (AL, )SHd bifeSite anterior and
peri pheral portion (52p) furt including an anterior

peri pheral e 20 A 0GB i StAREE, 44
of between ag%ﬁfm%p%%%&%é%ﬁt %8? n?crgng’ab) an ed g?OHmm“

(ES0) defi ned &18% g?l&él @Eﬁhgga%,ng egoﬂ%tngﬁér{ﬁ é)rolrtl(?? (52p)and a

peri pheral ost
peri pheral port

subst anti al | y Pey “g ﬁﬂgﬁ%\%l e 0116%%’3 respeﬁlegy&ic? anterior surface
t Il |
ol ant ed i Rk Pessando ) gatfise R S dunF ”@P J glee

prevent |ens eplthellal cell magratjion between s $
posteri or sur%@%@n(@%ﬁIEYm%éﬂHmBﬁﬂﬂE“QﬁﬂmFﬁé'%BQPE phgpt 100
capsule wall of the eye; and c) said anterior

peri pheral pomaes; 52p ext endi ng away from said
anterior peripheral edge segnent (52p') along an arc
def i ni ngba snoot hlap edpd Endaldiisadrat thodunsgfurérofsatel anterior peripheral
remai nder of said anterior surface. 2. The intraocul ar
| ens of O ai nedgpe segnent{SAp saiddaidipestenieefigheral potttien (fde) said edge
about 0 and
forming a substantially 90° angle which engages the eye's posterior
capsule wall when said intraocular lens is implanted in an eye, said edge
acting as a barrier to prevent lens epithelial cell migration between said
posterior surface (54) of said optic and the posterior capsule wall of the
eye; and
c) said anterior peripheral portion 52p extending away from said
anterior peripheral edge segment (52p") along an arc defining a smoothly
blended surface with the remainder of said anterior surface.
2. The intraocular lens of Claim 1, wherein said distance (d) is between about 0 and
about 20 microns.

3. The intraocular lens of Claim 1, and further comprising means for positioning

said intraocular lens within a human eye.
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about 20 microns. 3. The intraocular lens of Claimi1l,

and further conprising neans for positioning said
wonovesaseagbar | ens within a human eye. 13 WO 20@4¢rAR0@3/030054

PCT/ US2003/ 030054 4. The intraocular Iens of Caim 3,

wherei n said positioning nmeans conpri ses one or nore

haptics extending fromsaid optic periphery. 5. The

i nt4,aoc uihdfintta@BardénsOf @laim 4, wiMiein @hifl psdiichilpamtans Somprises one or

apply a biasing force against said optic in the

di rect i QRor@hariiah SxtiIStoEFdndEaiP@iticpetiphehace upon

inplanting said intraocular lens in said human eye.

14 5, The intraocular lens of Claim 4, wherein said haptics apply a biasing force against

said optic in the direction of said posterior optic surface upon implanting said

intraocular lens in said human eye.
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