WO 01/ 08607 PCT/ EJSO00/ 19479 JNTRAOCULAR LENSES FI ELD OF THE | NVENTI ON The
present invention relates to, intraocular |lenses (I1COLs) and a nethod for
maki ng and using the sonme. Mire particularly, the present invention relates

to accongﬁfiﬁpdsag | OLs designed for refractive correcti onpgiIrusuoiMdC eyes
where a diseased natural lens is surgically renoved, such as in the case

of cataracts. BACKGROUND OF THE | NVENTI ON JOL i npl ants have been used for
many years in aphakic eyes as replacenents for diseased natural
crystalline lenses that have been surgically renoved fromthe eyes. Mny
different I COL designs have been devel oped over past years and proven
successful for use in aphakic eyes. Successful |OL designs to date
primarily include an optic polNIRNOGULARLEMSES therefor, called haptics,
connected to and surrounding at |east part of the optic portion. The
haptic portions of an I COL are designed to support the optic portion of the
ICL in the lens capsule, anterior chanber or posterior chanber of an eye.
Commerci ally successful 10OLs have been made froma variety of

bi oconpatF|BlL® OFTTHE MNVENTION ng fromnore rigid materials such as
pol ynet hyl met hacryl ate (PMMA) to softer, nore flexible materials capabl e of

| WD 01/ 08607 PCT/USOCO 19479 being fol ded or conpressed such as silicones,
certain acryl iy prd8entingeniti felateSitPintdobaial ienaes YOLis) ant@ meliivee been
fornmed separately fromthe optic portion

for making and using the same. More particularly, the present invention relates

to accommodating I0Ls designed for refractive comrection in aphakic eyes where

a diseased natural lens is surgically removed, such as in the case of cataracts.

BACKGROUND OF THE INVENTION

IOL impiants have been used for many years in aphakic eyes as |
replacements for diseased naturat crystalline lenses that have been surgically
removed from the eyes. Many different IOL designs have been developed over
past years and proven successful for use in aphakic eyes. Successful IOL
designs to date primarily include an optic portion with supports therefor, called
haptics, connected to and surrounding at feast part of the optic portion. The
haptic portions of an IOL are designed to support the optic portion of the I0OL in
the lens capsule, anterior chamber or posterior chamber of an eye.

Commercially successful IOLs have been made from a variety of
biocompatible materials, ranging from more rigid materials such as

polymethyimethacrylate (PMMA) to softer, more flexible materials capable of



and | ater connected thereto through. processes such as heat, physical
staking and/or chem cal bonding. Haptics have al so been fornmed as an

i nt egral the optic portion in what is commonly eg% as
%&1{09({06_ ﬁe | Wg&%& arity

' singl e-piece s. Softer, nore flexible |IOLs have gai

in nore recent years due to their ability to be conpressed, folded, rolled

or otherw se defornmed. Such  softer | O.s may be deformed, pri or Io I nsertion ,
t her eof t@ing fgidedor compressed suchas siliepnas, certainacrylics, and BWE& S nsertion |
of the IOL in an eye, the IOL returns to its original pre-defornmed shape :
due to t tiaptieporionsiafthe 1Qks bave-been farmedssaparatglyromithe aplig pertionor e

flexible 1OLs as just described nay be inplanted into an eye through an

i nci si on anddater comnadted theretorthrough processessughasrheat physicahstaking=cessary

for nore rigid. 1QOLs, i.e., 4.8to 6.0 nm A larger incision is necessary

f or nor e andipr ¢hémical bendinge Haptics have alsotbden forvned asdart integrajiparhof nci si on
in the cornea slightly larger than the dianmeter of the inflexible QL

optic potfie eptic patien irfiwhat is corimenly refefred@b asitsingleopieoe™0OLsss popul ar in

the market since |arger incisions have been found to be associated with an

i ncreased i NCEERGE thdtb fleRibid IO Réve/GaiR€dTH pEEuilaftySn nioré fectint ydary ed
astigmatism After IOL inplantation, both softer and nore rigid 101-s are

bj ' _ @Rforinad
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nat ural brain- relaxation of the ciliary nuscle and
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Mbst  COMpEgmehdsah eyl. ]F1cﬂiqw§ng insertion of the IOL in an eye, the IOL returns to its
original pre-deformed shape due to the memory characteristics of the soft
material. Softer, more flexible IOLs as just described méy be implanted into an
eye through an incision that is much smaller, i.e., 2.8 to 32 mm, than that
necessary for more rigid ?QLs, i.e., 4.8 to 6.0 mm. A larger incision is necessary
for more rigid IOLs b_eca_bSe the lens must be inserted through an incision in the
comea slightly larger than the diameter of the inflexible IOL optic portion. -
Accordingly, more rigid ldl_.s have become less popular in the market since
larger incisions have been found to be associated with aﬁ increased incidence of
postoperative _comp!icaﬁons. such as induced astigmatism.

After IOL implantation, both softer and more rigid IOLs are subject to

compressive forces exert_éd on the outer edges thereof from natural brain-
induced contraction and felaxation of the ciliary muscle and increases and -

decreases in vitreous préssure. Compressive forces of this kind are useful in a

phakic eye for focusing the eye at various distances. Most commercially
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WO 01/ 08607 PGT/ DS00/ 19479. successful | CL designs foc, use in aphakic eyes
have single focus optic portions . that are fixed and focus the eye at only

a certai ' di stance. Such single focus 10Ls requir i ng of
S il Bt

gl asses e the focus;of the eye. A few bifiocal I ave been
introduced to the commercial market but suffer fromthe disadvantage that
each bifocal im represents only about fart ercent of the available
'ight an8ueqassiul il HeRigne Jewse eyesihavésingle Tocys|optic ROStaRS: ¢ or
which provides | essened visual acuity. Because of the noted shortcomni ngs of
current thet apfixeshand focsisdhe gyg aheply a cetain fixed flistance, Syah singlesi gned t o
provide nmultifocal visual imaging in aphakic eyes wthout the aid of

eyegl assfacus J0Lsrequicheeaningolplassesio changethadocuy of ther eya: uA fewl ens
(I'QL) nmade in accordance with the present invention has an optic portion
wi th an bifideai IQEs hate beén infrpriused to the corhimeesialanarket butsyuffer froed theent s f or
supporting the optic portion in a patient s eye. A lens having tw haptic

el enent sdisadvantage tithti@ach difocd imape pepresehtsonty aboutfody percent bitHeed on two
opposed edges of the optic portion. A lens having three haptic elenents is

bal ancedgbiiabiy/igl ardhe rémha fanlty perteR1BIthe light isBektes scattérached on one

edge of the optic and the third haptic elenent forned or attached on an

opposi t ewRAHrovides fessBhbd visdal éityhavi ng four haptic elements is bal anced
by having a set of two haptic elements forned or attached on one edge of

the optic an f J?Psgfd ﬁq’gag,t et oAb [tReREd
opposite enge 0 th‘gua%r{i%. aéﬁ’oﬁgp e %1 erreﬁgﬁgélgg%' att acﬁnﬁ%@port I on
t hat for accommodating lIOLs designed to provide multifocal visual imaging in aphakic

eyes without the aid of eyeglasses.

SUMMARY OF THE INVENTION

An accommodating intraocular lens (IOL) made in accordance with the
present invention has an optic portion with an outer peripheral edge and two, -
three or four haptic elements for supporting the optic portion in a patient's eye. A
{ens having two haptic elements is balanced by having a haptic element formed
or attached on two opposed edges of the optic portion. A lens having three
haptic elements is balanced by having a set of two haptic elements formed or
attached on one edge of the optic and the third haptic elemeﬁt formed or
attached on an opposite edge of the optic. A lens having four haptic elements is
balanced by having a set of two haptic elements formed or attached on one edge
of the optic and a set of two haptic elements formed or attached on an opposite

edge of the optic. Each haptic element has an attachment portion that



3 WD 01/086x7 PCT/ US00/ 19479 permanently connects the haptic elenent to
the outer peripheral edge of the optic portion. Lf the haptic elenent is
of a | ooped design, the haptic elenent has generally t ?ﬁ@&ﬂnﬁpt
portions Wi manent |y connect the | ooped haptic elengﬁ 0 the outer
peri pheral edge of the optic portion. In the case of |enses having three -
or four |ooped haptic elenments, a set of two | ooped haptic elenments may

have t hr epermanentineonnesss theohaptic:alament tetheiquter. paripheraliedgefdke oplie of t he

three attachment portions is comon to each of the two |ooped haptic
el ement s paortibhe Hthe hBpticelement is of 2 loopeddesigne theohaptic alementbasn or not
includes a flexible central portion |ocated between the attachnent portion

and a Con?mérally)tvw aitachivient pottions thatpermaneritiy conratt the lnogeddaptici nner
surface of a patient's eye. The flexible central portions that extend

bet wveen t Samenbiciie ditérpatipheral etige ol Uicopticportion! In thescase ohlenses opt i c

portion of the lens to nove or to adjust to pressures exerted on the |ens

W LN 1 i thrd8 4 o Rt el B8 sbt 614wd IBopec i eRfisrkens. e

haptic el enen signed to have less resistance to bending in a plane

gener al | ymﬁgbgﬁr%ﬁﬁrﬁé%gépﬁrggﬁfﬁﬁﬁbné‘ 'tﬁeﬂiwaﬂ'?o@/%fshéﬁg&s%hahéﬂ?thége”era' ly

per pendi cu axls of an eye. By providing haptic elenents
i a1 i et Boflonis i cORRicHftcfachidrine W IRpBRTEpIE BeriBs 050
subj ect _1BS S e e BigmENSih Gfer dfa i dedfor Sfmebincillie a7 09, U,
| Mgl N9 LAY behtisi polich 1BEated EEISST the Qtt?c?ﬁme%‘{‘igmon and a contact

plate. The contact platé is designed to engage an inner surface of a patient’s

eye. The flexible central portions that extend between the contact plates and the

attachment portions allow the optic portion of the.lens to move or to adjust to .

pressures exerted on the lens within the eye. Additionally, within these flexible
central portions, each haptic element is designed to have less resistance to
bending in a plane genérélly paraliel to the optical axis of an eye than in a plane
generally perpendicular to the optical axis of an eye. By providing haptic -
elements with this type of flexibility characteristic, the present IOL maximizes
axial displacement of the optic portion along the optical axis of the eye when
compressive forces are exerted against the IOL. By ihcreasing-the subject IOLs
movement along the opﬁcél axis of an eye, multifocal visual imaging without the
aid of eyeglasses is achieved.-

Accordingly, it is-an object of the present invention to provide

accommodating intraocular ienses for use in aphakic eyes.
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Accordingly, it is an object of the present invention to provide
accomodati ng intraocul ar. | enses_for- use.in,aphakic eyes. 4 EIlilE| WO
01/ 08607 _PCT/ 1JS00/ 19479 Anot her object of the present ILW)IQHBI s to
provi de NAYMHati ng yS isritraocul ar | enses for ‘yse in aphaki ¢ eyes, which
maxim ze axial displacenent of the optic portions of the | enses along the
optical axis of the eyes. Another object of the present invention is to
provi de acconAodther abject of thacpresent inention is to pravide accommadating/es, whi ch
mnimze damage to tissues in the interior of the eyes. Still another

obj ect ointrabeular lenses fomusenini aphakic eyespwhichdnaximizeraxidbdisplacement ebcul ar

| enses, which are resistant to decentration within the eyes. These and

ot her objhgadpticgortions oftheriéngsssalohg theopticab axis of theeeyason, some of which
are specifically described and others that are not, wll become apparent

from the det aAnéerBbjett 6f thebresErit iwintion ishoprovitde ddtammedating Wher ein
| i ke features are designated by |Iike nunerals. BRI EF DESCRI PTITON OF THE

DRAW NGSnEha:lgiEr ferisés Foﬁféﬁﬁﬁéd kfceéjfe%Sﬁﬁfcﬁt;ﬁiﬂﬁ?iQB dah?ad%qfésggsﬁin a human

eye; FIGQIRE 2 1s a plan view of an 1OL with three haptlics ma
accordanﬁg-n{grgopofmw&sent invention; FIGURE 3 is a side view of the | QL
of Figure ﬂ; )

Still another object of the present invention is to provide accommodating
intraocular lenses, which are resistant to decentration within the eyes.

These and other objectives and advantages of the present invention,
some of which are specifically described and others that are not, will become
apparent from the detailed description, drawings and claims that follow, wherein

like features are designated by like numerals.

BRIEF DESCRIPTION OF THE DRAWINGS

F IGURE 1 is a schematic representation of the interior of a human eye; -

FIGURE 2 is a plan view of an IOL with three haptics made in accordance
with the pr_esent invention; |

FIGURE.S is a side view of the IOL of Figure 2;

FIGURE 4 is a cross sectional view of the IOL of Figure 2 taken along line
4-4;

FIGURE § is a perspective view of the IOL of Figure 2:



FIGURE 4 is a cross sectional view of the IOL of Figure 2 taken along |ine
4-4; FIGURE 5 is a perspective view of the IOL of Figure 2;, 5 WO 01/08607
PGT/ US00/ 19479 FIGURE 6 is a side viewof the haptic el j gure 3
with shar MFOV8®3es FIGURE 7 is a side view of the hapt ?’?@M@%’H@ of
Figure 3 with rounded edges; FIGURE 8 is a cross sectional view of the
haptic el ement of Figure 6 with a stiffening elenent; FIGURE 9 is a plan
vi ew of an | OLFIGYREbigra side viey ofithedaptic slereentof figuraid with skarpeesent
invention; FIGURE 10 is a side view of the 1OL of Figure 9; FIGURE 11 is a.
plan vieweddes3n |OL with two haptics nmade in-accordance wth the present

i nvention; and FIGURE 12 is a side view of the -10L of Figure 11. DETAILED-

DESCRI PTI ON OFFIGURE Wis/dsidd viewgof the haptit eldmerit of Figure Spwith reemdedagr am of
an eye 10 show ng | andmark structures relevant to the inplantation of an
I nt raoculgagésens of the present. invention. Eye 10 .includes an optically
clear cornea 12 and an iris 14. A natural crystalline lens 16 and a retina

18 are |ocat eq’l@;.g’dl?%i%féecrbéé§eéﬂ$rﬁfvi6%%f.%h§biﬁ:el§ﬁ»eﬁi§ﬂﬂgﬂﬁddm anteri or

chanmber 20 | ocat ntront of iris 14 and a posterior
a stiffening element,; '

FIGURE 9 is a plan view of an |OL with four haptics made in accordance
with the present invention;

FIGURE 10 is a side view of the IOl of Figure 9;

FIGURE 11 is a plan view of an 10L with two haptics made in accordance
with the present invention; and

FIGURE 12 s a side view of the IOL of Figure 11.

DETAILED DESCRIPTION OF THE INVENT ION

Figure 1 illustrates a simplified diagram of an eye 10 showing landmark
structures relevant to the implantation of an infraocular lens of the present
invention. Eye 10 includes an optilly clear corhea 12 and an iris 14. A natural
crystalline lens 16 and a retina 18 are located behind the iris 14 of eye 10. Eye
10 also includes anterior chamber 20 located in frbnt of iris 14 .énd a posterior
chamber 22 located b’eiWeen iris 14 and natural Iéns 16. Accommodating IOLs
of the present invention are preferably implanted in lens capsule 24 after the
removal of diseased natural lens 16 {aphakic applidation). When used in

aphakic eyes, 10Ls serve as replacements for surgically removed diseased
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chanber 22 | ocated between ins 14 and natural |lens 16. Accommodating | COLs
of the present invention are preferably inplanted in | ens capsule 24 after
the renoval of diseased natural |ens 16 (aphakic appli c3igrishenddfen used
in aphakWPW | OLs serve-as replacements for»xsurgically renoved

di seased 6 Hi|II[ WO 01/08607- PCT/ US00/ 19479 natural |enses 16, such as for

exanpl e follow ng cataract surgeries._ Eye 10 al so, includes_an ﬁpt ical axis
OA- QA t hawatirel lensesd i suchas for example following surgesies, Eye A0 or 26
of anterior surface 28 and posterior surface 30 of |ens 16, tical axis

OA- OA i n intludésianoptigal axis OA-QA teatis lap imaginary lipg that nagsas tpligh the o
cornea 12, natural lens 16 and retina 18. The I1OL of the present invention,
as i | | ustgpticarcenier26) of antefiort suriacg!28land postedios suifaca.30 obleps 16 Fi gures 2,
9 and 11, is identified generally by reference nuneral 32. 10OL 32 has an

opti c porgypial dis\OADA Ih thetiimarceye holisgenemstly perperididulartoisspationgned f or
I npl antation preferably in | ens capsule 24 of a patient's eye 10 and is

pr ef er ablof cambd €2 naturébiéns 16 arivetingitgat el y 1.0 to 2.0 nmbut preferably
1.6 to 1.7 mmneasuring fromthe plane of outer peripheral edge 36 of

Opti ¢ por tion g IO R thebrdseniihyéitith 65 ihlstieted iFigihea thpedgh 1266t al |

below, Is generally suitable. Preferably integrally formed on peri pheral

edge 36 Hoohlfratchh Fidliods, S6Ra1is ehEfad Geradly by Wisreris nor | 0oped

hapti c elenen an edge portion 42. ptic elenents 40 are

e 12005210 e A SR Bl B0
0L 32 is designed for implantation preferably in lens capsule 24 of a patient’s
eye 10 and is preferably vaulted. A vault of approximately 1.0 to 2.0 mm but
preferably 1.6 to 1.7 mm measuring from the plane of outer peripheral edge 36 of
optic portion 34 to the plane of contact plates 38, described in detail below, is
generally suitable. Preferably integraily formed on peripheral edge 36 of optic
portion 34 are two, three or four looped or non-looped haptic elements 40, each
having an edge portion 42. Haptic elements 40 are preferably integrally formed
with and permanently connected to outer peripheral edge 36 of optic portion 34
by attachment portions 44. Alternatively however, haptic elements 40 may be
attached to optic portion 34 by staking, chemical polymerization or other methods
known to those skilled in the art. Each haptic element 40 also includesa
broadened contact plate 38 designed to preferably engage inner surfaces 50 in
lens capsule 24 of eye 10.

In accordance with the present invention, haptic elements 40 are designed

so that when IOL 32 is implanted in a patient’s eye 10 and held in place through



by attachnment portions 44. Alternatively however, haptic elenents 40 may be
attached to optic portion 34 by staking, chem cal, polynerization or other
met hods _known to those skilled in the art. Each hapticePre(Jére nt 40 al so

i ncl udes WOMBEYdened cont act pl ate 38 designed to pref W&%ge I nner
surfaces 50 in lens capsule 24 of eye 10. In accordance with the present .
I nvention, haptic elenents 40 are designed so that when IOL 32 is

i npl ant ecompressivaforsaes exertgd by innersurfeces 5@ opicaptact plates)d8 ofhaptic WO

01/ 08607 PCT/ USQO/ 19479 conpressive forces exerted by inner surfaces 50 on,
cont act elements 48, heptic @faments 40dlexsosthabeoriteqitplates 38dowat sidefdlang so t hat
contact plates 38 do not slide along . surfaces 50 in eye 10. Accordingly,

hapti c esurfaeisB0AR eysd 0d Aucordinglychdpticelements 40 arecdesigrediblflexmeapendi cul ar
to that of optic portion 34 of 10OL 32 and generally parallel to that of

optical siuhé gehefafly perpendiclfar tBthates oplic portiohi3a oMOR 34 Atk jénérally’

characteristic into haptic el enents 40,101. 32 allows an eye to "achi eve

mul ti f oGsgradiy ai%Wﬂst@R%AWWéHé.' By dﬁ%@iﬁ?&ﬁ%gm flexibility

characteristic of hap el'ements 40 Taxi m zes axi acenent of optic

porL L el Bl Do bl QR 491101 Yl 48 B 3% e
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portion 34 in a direction along optical axis OA-OA of eye 10. Compressive forces

of differing magnitudes Within the range of approximately 0.1 to 5 mN exerted

against contact plates 38 of haptic elements 40 to effect approximately an overall

1.0 mm in diameter combression of IOL 32, such as that caused by natural brain-

induced forces within eye 10, results in more than approximately 1.0 mm, but

more preferably more than approximately 1.5mm and most preferably more than

approximately 2.0 mm axial displacement of optic portion 34 along optical axis

OA-OA in an eye 10. The uniqhe design of IOL 32 achieves significantly

maximized axial displacement of optic portion 34. The 0L 32 of the present

invention with its maximized axial displacement of optic portion 34 enables an

eye to achieve muitifocal viSua! imaging when a wide range of compressive

forces, potentially even greater than those described above, are applied to eye

10.

The flexibility characteristic of haptic elements 40 of JOL 32 as described

above is achieved through the unique design thereof. As best illustrated in
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nore preferably nore than approximately 1.5mm and nost preferably nore than
approximately 2.0 nm axi al djsplacenment. of - qptic portion 34 al ong opti cal
axis m%i n eye 10. The unique design of JOL 32 acgy 19479

signific ‘9’ xi m zed axi-al di spl acenent of gptic portion 34. The 10 32
.of the present invention™Wwith its maxim zed axial displacenent of optic
portion 34 enahles an eye (o .achiev | tifocal visual i N en a w de
range ofF'GBﬁﬁ-ééiia?}as‘f'{ﬁRfﬁs?hW@[‘Mq %ﬂgdgﬁ'@hhﬁﬂ“bgﬁm@qa rt\oﬁg descri bed
.above, are applied to eye 10. The flexibility characteristic of haptic

el enent @Mmaawmmm%aeWm@wMM@qwmwﬁ‘ﬂe uni que
design thereof. As best illustrated in 8 WO 01/08607 PCT/USOQ/ 19479 Figure
2, | OL 3sxiges36 oiqpticpostion@d: Flexibie central pertions 62,are esserntial im| portions 62
adj acent to attachment portions 44 permanently connected to outer

per i pheriaipartinithe d@cessary flexibility to the 10Ls dfithex ptasent invention.pblexiblems 62 are
essential in inparting the necessary flexibility to the 1O.s of the

pr esent demn?aﬂmsEZMVbbedimsldﬁhphﬁéMﬁlddlwpal’aﬂdrtamﬁcﬁl in plane
46- 46 generally parallel to optical axis OA-OA as depicted in Figures 3,

10 and lgis DASOA! € Bepiciedtindiglres!a; 1 0TI 12,068¥ thahdneduzbto bitanosthe same in
pl ane 48-48 generally perpendicular to optical axis OA-OA as depicted in

Fi gure Zorefbrably lebs thar tHe'sdme i pand™8-48 gehardlly perpdrdiculaiol dptieaf her

rounded ‘edges 52 as depicted in Figure 7to provide a snoother fit with
T o i CAS0Nbs R PRS0 SN RoCaRdsEeRoR ARRBI L  T 0
| mpl ant kP Bither rounded edges 52 as depicted in Figure 7 to provide a smoother fit

with inner surfaces 50, or more defined, sharper edges 54 as depicted in Figure

6 to provide a barrier to prevent celiular migration and growth upon implantation

in lens capsule 24.

The subject IOL 32 is preferably manufactured to have an optic portion 34

approximately 4.5 to 9.0 mm, but preferably approximately 5.0 to 6.0 mm and

most preferably 5.5 mm in diameter and approximately 0.15 mm to 1.0 mm, but -

preferably approximately 0.6 to 0.8 mm and most preferably 0.7 mm in thickness

at peripheral edge 36. Haptic elements 40 extend from the optic portion 34 of

IOL 32 in a generally rgunded or oval configuration and will increase or decrease

in overall length depending upon the size of lens desired and the diameter of

optic portion 34. As the diameter of optic portion 34 increases, the overall length

of haptic elements 40 may be decreased. Likewise, as the diameter of optic

portion 34 decreases, the overall iength of haptic elements 40 may be increased.

However, as customary, the overall iength of the haptic elements 40 are varied



in lens capsule 24. The subject 10L 32 is preferably manufactured to have
an optic portion 34 approximately 4.5 to 9.0 mm .but preferably
approximately 5.0 to 6.0 nmand nost preferably 5.5 mmi ' gl and
appr oxi rrat‘%‘?g”‘l??"fS'mﬂto 1.0 nm- but preferably approxi@?}e@WJG to 0.8
mnm and nost preferably 0.7 mmin thickness at peripheral edge 36. Haptic
el ements 40 extend fromthe optic portion 34 of |O.L 32 in a generally
rounded do aghievedesired lOk32sizesratherthan vayingtbe sizegof optie portions3ser al |

| engt h dependi ng upon the size of |lens desired and the dianeter of optic
porti on 3A geherdl Heoped haptic elemeats 4@ ap illustrateddn Figured4sare formhed tobe al |

|l ength of haptic elenents 40 nay be decreased. Likew se, as the dianeter
of opti c apprddiimatelyy2.610s.0anmsbutipgreferatsly aipprdximately 3.4 tb $0 mm ehdent s 40

may be increased. However, as customary, the overall length of the haptic
el ement s pigst préferably appfoxiialely 485 ifr(ehigtPRi¥ataring froma point of eqgalsi red 1 0L
32 sizes rather than varying the sizes of optic portions 34. In general,

| ooped hafthReebEWREbnScotimaA aththihbrticttlons\44 bhperiphdrhl adge Be; met 0 be
appr oxi rratet?y 2.6 to 6.0 mm but preferably app?’gglphrratel y§°3.4 to 5.0 mm and

cqual " aceriet ol cBAREEBEE o8, M dbped Rl el A i eral edge
S?éf ;?a}o :@nﬁ{;a@gtrgﬁng%dnéfﬁﬂ%h P@JL?I%_E . %sr illé\?/fgﬁs.ggﬁ? Faéjtﬁsaﬁ gﬁagt?t?ﬁ?ust rated
Non- | oop B0 sy efibelch yndysBhipiedsfle Bfcest NohABollf RepEdBimeRm AG °f P
to be aPRs ?Ii(uis%ieed ih I?ig&ets%'gng 9'4Ya formed to be approximately 2.6 to 6.0 mm,

but preferably approximaiely 3.4 to 5.0 mm and most preferably approximately

4.2 mm in length measui'_ing from the middie of attachment portion 44 on

peripheral edge 36, to the center of contact plate 38. Non-looped haptic -

elements 40 preferably have a generally rounded-or-oval configuration as

illustrated in Figures 2 and 9 to provide a suitable stable jﬁt within lens capsule 24 -

while alloﬁng axial deﬂecfion under compressive forces: For purposes of the

present invention, the generally rounded or aval shape of looped and non-looped

haptic elements 40, i.e., the beam curve shape, relative to the width to thickness

ratio, i.e., the aspect ratio, of haptic element 40 as described herein is critical to

achieve suitable function. - Flexible central portion 62 of haptic element 40 is

approximately 0.5 to 2.5 mm, but preferably approximately 1.0 to 2.0 mm and

most preferably 1.6 mm. in length; approximately 0.2 to1.0 mm, but preferably

approximately 0.3 to 0.7 mm and most preferably approximately 0.46 mm in

width in plane 48-48 and approximately 0.2 to 0.7 mm, but preferably

10
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but preferably approximately 3.4 to 5.0 nm and nost preferably
approximately 4.2 mmin_.length neasuring fromthe m ddl e of attachnent

portion 44 on eripheral edge 36, to the center of cont 9 38.
Non- | oop@’&"ﬂ@ﬁ@?c el ement;s- 40 preferably have dxgenerally rounged or oval
.configuration as illustrated in Figures 2 and 9 to provide a suitable

stable fit within [ ens capsule 24 while allow ng axial deflection under
conpr es sépprokimately.0.3 o P.§and most prsferably appraximeately 943 mna in thicknegsner al | y
rounded or oval shape of |ooped and non-looped haptic elenents 40, i.e.,
"t he beaninqiane48:46p Contactplatec3s is approximately OB ta-2.5imms but peeferably . e. | the
aspect ratio, of haptic elenent 40 as described herein is critical to '

achi eve gpprosiriatelyn0to 212 mii and hiost preférably spproxinvatély 108 mimphi ¢ el ement 40
is approximately 0.5 to 2.5 mm but preferably approximately 1.0 to 2.0 mm

and nostjghgthl appriximately 0105it6 0.5 fih, 'but préfefablyappraximataly 011.t6 0/ but
preferably” approximately 0.3 to 0.7 mmand nost preferably approxi mately

0.46 nm i ' ¥ o ) ks imdtgly but
or of er st ad fricst bRefBtetF adbiudimaony CRa B4 éaép?%r"?xéi‘sr?artg’gl y 073 to

Cont act. SP3p A8, BR proReRy Bpiagnatel), 451772 fory shA thoRprefefasyane 404>
cebe o Bgblimially-Comm g ool Pretersbly approx ey LB M
appr oxi mat ol % BRI odrf e dieRbR bt o 2 Bkple, RPEFERG BRC, | , o,
and nmost, oL el Rhate Ylements 40 are relatively thick in plane 48-48 at contact plate 38

through to attachment portions 44 and optic portion 34, with flexible central

portions 62 preferably exhibiting a thinner dimension in plane 46-46 than that of

the width in plane 48-48. Looped haptic elements 40 of the subject design tend

to resist deflection into closer proximity with outer peripheral edge 36 when a

compression force is exerted against contact plates 38 to maximize axial

displacement along optical axis OA-OA. When accommodating IOL 32 is used

as a refractive iens, a stable, reliable muiltifocal refractive correction is provided.

The desired flexibility characteristic of haptic elements 40 of 1OL 32 may'

likewise be achieved or enhanced by incorporéting a stiffening element 60, in the

shape of a wide, very thin ribbon, in one or more haptic elements 40, as

illustrated in Figure 8. Stiffening element 60 may be positioned in haptic elerhent

40 so that wide or broad flat face 62 is oriented in a plane paraltel to that of plane

48-48 so as to be thin axially in a plane parallel to that of plane 46-46. Stiffening

element 60 functions in a manner similar to that of an I-beam in construction to

11



approximately 1.0 mmin wdth. As provided through the di nmensions of JOL 32
above, | ooped and non- | ooped haptic el enents 40 are relatively thick in

pl ane 48-%@&0 @qnt act plate 38 through to attachment pecriusigiedf and
optic portion § , Wwith flexible central portions 62 preferably exhibiting
a thinner dinension in plane 46-46 than that of the width in plane 48-48. -

Looped hapti.c.el enents 40 of the subject desi ' flection
i nto cl oJBAXIANZA N3 t‘i}s%??m%&%?"%@?' @Fﬁeaé%%ﬂ\mmggi% 'ssi on
force is exerted agai nst conéa.ct plates 38 to maxi m ze axial displacenent .
al ong optis eaplieddocontactRletedB- acconmodating 10L 32 is used as a
refractive lens, a stable, reliable nmultifocal refractive correction is

provi ded. The Shiffeningelement &0 isiformed of adess flaxhle matenial thap thatghilt s 10 of

IOL 32 may |ikew se b_e' achi eved or enhanced by incorporating a stiffening
el ement @2. Suitableematsrigis-fopstifiening slement,6Q inckide bubare notiingtad t& nor e
haptic elements 40, as illustrated in Figure 8. Stiffening el enent 60 may

be posi t ipphistides, polpolefins | igedensityopalyethpienes, palyestens; nidans, metalsore 62 i s

oriented in a plane parallel to that of plane 48-48 so as to be thin

axi al |y ighydiddompsatibis miterial withtsoitablefstiffening charatteristicsf Stifféning el ement 60
functions Ina nanner simlar to that of an I-beamin construction to 11 WO

01/ 08607 gréméninaf Hé3abricated usingariectr morelayersiof aimastyrspragn,i cal axi s
OA- QA when conpressive force is applied to contact plates 38. Stiffening

St 1 2bl & e B e &) ament G0 Pnel e but are not 11 m i ed

to herein. Stiffening elem_qn_; 60 may be used in conjunction with haptic elements -
40 described above in _gg:ses where a thinner haptic desi_gh is desired while still
achieving the desired ;tgpimy and flexibility characteristics. |

Suitable materialé for the production of the. subj_ect IOL 32 include but are

not limited fo foldable or gpmpressip_le. materials, such as silicone polymers,
hydrocarbon and fluorocarbon polymers, hydrogels, soft acrylic polymers,
polyesters, polyamides, éblyurethane. silicone polymers with hydrophilic
monomer units, ﬂuorine-__c:ontaining polysiloxane elastomers and combinations
thereof. The preferred méteﬁal for the production of IOL 32 of the present
invention is.a hydrogel made from 2-hydmxygthyl methacrylate (HEMA) and 6- -
hydroxyhexyl methacryla__t___e' (HOHE_XMA)_, i.e., poly(HEMA-co-HOHEXMA).
Poly(HEMA-co-HOHEXMA) is the preferred material for the manufacture of IOL
32 due to its equilibrium water contént of approximately 18 percent by weight,
and high refractive index gf approximately 1.474, which is greater than that of the

aqueous humor of the eye, i.e., 1.33. A high refractive index is a desirable

12



pol yi m des, polyol efins, high-density pol yethyl enes, polyesters, nylons,
metals or any bioconpati.ble materical with suitable stiffening

char act e, st Stiffening eleent 60 may be fabricat ' e or nore
| ayers o?"}%&lfpéiq{ screen, webbing andl or sheet to inpart t % gg’lgr ed
flexibility characteristics-described herein. Stiffening elenment 60 maybe
used in conjunction with haptic elenments 40 descri bed above in cases where
a t hi nndeawEgin theqradustionofdOLs ta imppnt highgntical powser, with AgninKeuRES  ed
stability and flexibility characteristics. Suitable materials for the

pr oduct i apticdhicknesss By using iagnaterial with achigh tafractive index, visyal aeuiyo f ol dabl e.
or conpressible. materials, such as silicone polyners, hydrocarbon and

f | uor oc adeficiencies maybe comedtedqusing ahinnerdOLly Poly(HEMAgoHOHEXMA)Iser s,
pol yam des, . pol yurethane, silicone. polynmers with hydrophilic nononer

units, fd desirable matdrisl in the protdyctionoefdOb.s @2aduectotitssmeclaricalistrengtinns
thereof. The preferred material for the production of ICOL 32 of the present

| nvent i Gghith is Suitableondithstand Considenable piilsivl miaRipulatiin) RoIV(HEMAL HEMA)  and
6- hydroxyhexyl nethacrylate (HOHEXMA), i.e., poly(HEVA- co- HOHEXMA) .

Pol y( HE'%-HBHW o'Has! diirBbRf memdry ﬁ%?aﬁﬂie%'sdtﬁbléfﬁ?lﬁ@%!é.amué e. of 1O

32 due tO Its equilibriumwater content approxi mately 18 percent by

st AR hyltlt pdastly 0% ER) el ot B gy o o0
Ipll:]ggﬁclt ?gwﬁE@-ﬁy@mar )hqu%ﬁéétg?ﬁ%lg %@m %ﬂg?ﬁ? ﬁf’ %u(r)? ' the
rather than explosively, to its predetermined shape. The unique design of the
subject IOL 32 with haptic elements 40 manufactured from a material having
good memory properties ailso provides improved control of haptic unfolding upon
insertion thereof in eye 10. Explosive unfolding of IOLs is undesirable due to
potential damage to delicate tissues within the eye. Poly(HEMA-co-HOHEXMA)
also has dimensional stability in the eye, which is desirable,
Although the teachings of the present _invention are preferably applied to
soft or foldable IOL.s formed of a foldable or compressible material, the same
may also be applied to harder, less flexible lenses formed of a relatively rigid
material such as polymethyimethacrylate (PMMA) having flexible haptics formed
either of the same or a different material.
Optic portion 34 of IOL 32 can be a positive powered lens from 0 to

approximately +40 diopters or a negative powered lens from O to approximately

~30 diopters. Optic portion 34 may be biconvex, plano-convex, plano-concave,

13



optic thickness. By using a material with a high refractive index, visual
acuity deficiencies may be corrected using a thinner |QOL.

Pol y( HEMA- co- HOHEXMA) is a desirable material in the pr ' f |OLs 32
due to it WHPORHi cal strength, which is suitable to W?‘%!ﬁ%%‘@ﬁ"ﬂ

consi der abl e physical mani pul ati on. Pol y(HEMA- c- HOHEXMA) al so has :
desirable nenory properties suitable for 10L use. 10.s manufactured froma
nat eri al hicennaveion goncaxe-cenuexy(menissus), depending uponthe peweprequired to

pol y( HEMA- o- HOHEXMA) unfold in a nore control |l ed manner in an eye, rather .
t han explachieval the appropriate centeal andi periphstal thickriess fonefficientiaandiingot t he
subject 10OL 32 with haptic elenents 40 manufactured froma nmaterial having
good nenory prOptivportion 34 of the subjeetdOL82 may dptionalyobe farmedwithca unf ol di ng
upon insertion thereof in eye 10. Explosive unfolding of IOs is

undesi r ﬁ‘/%l&echééuéﬁbn F11ec5B bPapptofintitely ©.25:t0 2.60anin but wiore\preferably he eye.
Pol y( HEMA- co- HOHEXMA) al so has di nensional stability in the eye, which is

desi rabl f‘agpﬁ?g{)ﬁtﬁwy'oy(}% c%g-?ﬁ‘fhiémne& Prfarably D5 mnh iry Witith @djadest Gutef er abl y

appl i ed le 1OLs forned of "a fol dable or conpressible
To "R R B B i b0 g B MO 1 2
(rune) o SR v AP 410 45 B St hod g 811 <70t
0 00" eI s 550 i RpUSAY UL oot o' ©
pi ano-co Q:Y: ic boﬁio%%, %_%E' 5%\9%3 o&é”qﬂ? oglyrgc? glo Za@ﬁ&%@éﬂﬁiwai
manner fo block or diffﬁs__e fight in plane with optical axis OA-OA. '
Subject IOL 32 may be moided or preferably manuféctured by first
praducing disks from_a.:m'a_terial of choice as described in U.S. Patent Nos.
5,217,491 and 5,326,506 each incorporated herein in its entirety by reference. If
~ disks are produced, IOL 32 is then be machined from the material disks in a
conventional manner. Once machined or molded, IOL 32 may be polished,
cleaned, sterilized and -backaged by a conventional methpd known to those
skilled in the art.
Subject 0L 32 is used in eye 10 by creating an incision in cornea 12 and
capsule 24, removing natural lens 18, inserting IOL 32 in capsule 24 and closing
the incision.
IOL 32 of the present invention provides for an aobommodating lens

suitable for use in lens capsule 24 of eye 10. 10L 32 has haptic elements 40 with

flexibility characteristics that maximize axial displacement along optical axis OA-
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bi concave or concave-convex (nehiécﬁs); dépending upon the power required
to achieve the appropriate. g¢entral. and peri.pheral thickness for efficient
handl i ng. 'dh%xntion 34 ;of the subject 10OL 32 may opﬁéﬁg e fornmed
witha g é?%ﬁreduction zone 56 of approximately 0.25 to 2. %hhépgut nor e
preferably approximately 0.3 to 0.6 nm and nost preferably 0.5 nmin

wi dt h adj acent outer eri pheral edge 36, for reducjn | ar e, when out er

per i pheréﬁ i%@ ygnaping an 9@(9?9 B}'ewldﬁ%%g%‘f'gﬁ#@.as'%elo duri ng
high light or at other tinmes when pupil 58 is dilated. dare reduction
zone 56 Withqu} the aid of ayeglasses.cd of the sane materi‘al as optic portion 34,
but may be opaque, colored or patterned in a conventional mnmanner to bl ock
or diffuse | i\yhiletherplis.akown and dpscrikad herein cataimspesifig embodiments nay be
nol ded or preferably manufactured by first producing disks from a

mat er i alofdhe prasent inventien,dt wilibe manitest to tiseskilleddn the art that vigiousnd

5, 326, 506 each incorporated herein in. its entirety by reference. If disks
are prodnodificaticils May be médewitkoutadaparting fromthe spirittahd scope oftHes i n a
conventional manner. Once machi ned or nol ded, 10L.32 may be poli shed,

cl eaned,umreazidgiiﬁwhtmctmehtaamhhvm SHmy S vhdtdinfted o the gatticaydr to those
skilled in the art. Subject 10OL 32 is used in eye 10 by creating an

i nci si olfotnis REFdHT 8hdvinnd desaised exobpt irsorardsifdicaled by theitopébhr | Nserting
IOL 32 in capsule 24 and closing the incision. 10L 32 of the present
i”Ve”tiQHeEgPEhdﬁéckﬂh.a” accommodating lens suitable for use. in lens
capsul e 24 eye 10. fCL 32 has haptic elenents 40 with flexibility
characteristics that maxi m ze axi al displacenment along optical axis OA
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14 11ili;li WO 01/08607 PCT/US00/19479 QA of eye 10 thereby enabling an
eye to achl eve nultifocai visual imaging wthqut the aid of eyegl asses.

Wi |l e ther wn and described herein certain specifi nts of
t he presen ol"Wl on, it will be manifest to those skil Iﬁaﬁﬁﬁ’gﬁﬁégart t hat
various rmodifications may be made without departing fromthe spirit and
scope of the wunderlying inventive concept and that the sane is not limted
to the paWei@aimir  fornms herein shown and described except insofar as

i ndi cated by the scope of the appended clains. 15 WO 01/ 08607

PCT/ USOQ 194791. s accammodatingiintraooulariens forbe implantedwitinin Baeyet o be
I npl anted within an eye generally perpendicular to the eye's optical axis

conpri sing: an ogéereraliy perpgeadicular o theleye's opiical axisdontprising:i on, and two,

three or four haptic el ements permanently connected to the outer

peri pheral edge, Wy Sutsr periphepdletige\defihingeh optic partiontarid effect a. 1.0 nm

in diameter conpression of said lens results in greater than approxi mately

1.0 mm of axial diwg] theesBifouPhaptic éleM@hiscpétfidriently sbAfécted to thee' s opti cal
axis to enable an eye to achieve multifocal visual |nag|ng
outer peripheral edge, o
whereby a compressive force sufficient to effect a 1.0 mm in diameter
compression of said lens results in greater than approximately 1.0 mm
of axial displacement of said optic portion along the eye's optical axis

to enable an eye to achieve multifocal visual imaging.

2. An accommodating intraocular fens to be implanted within an eye
generally perpendicular to the eye's optical axis comprising:
an outer peripheral edge defining an optic portion, and
two, three or four haptic elements permanently connected to the
outer peripheral edge,
whereby a compressive force sufficient to effect a 1.0 mm in diameter
compression of said lens results in greater than approximately 1.5 mm
of axial displacement of said optic portion along the eye’s optical axis

to enable an eye to achieve multifocal visual imaging.

) 0 A0 Y
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2. An accommodating intraocular lens to. be inplanted within an eye
general |y perpendicular to the eye"s optical. axis conprising: an outer

peri pher o §ds8o7def I Ning an optic portion, and two, thregchisfoavsrohaptic

el ements permanently connected to the outer peripheral edge, whereby a
conpressive force sufficient to effect a 1.0 mmin dianmeter conpression of
said lens results in greater than approximately 1.5 nm of axial

di spl acenent of said optigi:portion along the eye!s.optical axis to enable
.an eye to achieve multifocal visual imaging. IIITFILLILIIT * ~
l1111111112220111 16 .. .... 111 .11 WD 01/08607 PCT/US00/ 19479 3. An
acconmodating intraocular |lens to be inplanted within an eye generally

per pendi cul ag- tA epeoramedating inteepculerilensiohe implanted within @p&yeper i pher al
edge defining an optic portion, and two, three or four haptic el enents

per manent | y corgeneraly perpendicutante thepeye's npticsl axispomprising:iby a conpr essi ve
force sufficient to effect a 1.0 mmin dianmeter conpression of said |ens

results in great eantduter paripheralietige! definirly amoptid pertion) and spl acenent of said
optic portion along the eye's optical axis to enable an eye to achieve
mul tifocal visual twoaBtetdor four haptic elements permanently connected to the
outer peri.pheral edge,
whereby a compressive force sufficient to effect a 1.0 mm in diameter
compression of said lens results in greater than approximately 2.0 mm
of axial displacement of said optic portion along the eye’s optical axis

to enable an eye to achieve muitifocal visual imaging.

4. The intraocular lens of claim 1, 2 or 3 wherein the haptic elements and
the optic portion are both formed of a foldable or odmpressible

material.

5. The intraoccular lens of claim 1, 2 or 3 wherein said lens is formed from
a material selected from the group consisting of silicone polymers,
hydrocarbon and fluorocarbon polymers, hydrogels, soft acrylic
polymers, polyester, polyamides, polyurethane, silicone polymers with
hydrophilic monomer units, fluorine-containing polysiloxane elastomers

and combinations thereof.

A AR



B N S A

4. The intraocular lens of claim1, 2 or 3 wherein the haptic el enents and
the optic portion are both fornmed of a fol dable or conpressible nmaterial.
5. The intwgepssseyr | ens of claim1l, 2 or 3 wherein said |gd§usopnddsmed from
a material selected fromthe group consisting of silicone polyners,

hydr ocar bon and quoroCarbon pol ymers, hydrogels soft acrylic polyners,

pol yester, pol ret S W hilic
honorer uni t 5.8 %ﬁ@%ﬁf 35 . Aon S Wt S ot el By R

comnbi nati ons ther /O 607 PCT/USOCO' 19479 6. The intraocul ar |ens

of claim1, 2 oragymfa F‘ﬁ Y&d lens is formed from a hydrogel material.

7. The intraocular lens of claim1, 2 or 3 wherein said’lens is formed from

a hydrogel material which is .18 percent by wei ght water. 8. The intraocul ar
lens of claiml1, 2 or 3 wherein said lens is forned from

pol y( HEMA- co- HorEhaitraogularmiensiaf claimdy ar 3 whereisy saiddens is formed framaher ei n
said lens is formed from a material having a refractive index above 1.33.
10. The i ntr aocua bydrogekmaterial whichis 18 percent by weight water! | ens is fornmed
from an acrylic material. 11. The intraocular lens of claiml1.2 or 3
wherein said lens is forned from a silicone material. 12. The intraocul ar
lens of claim1, 2 or 3 wherein said haptic el ements

8. The intraocular lens of claim 1, 2 or 3 wherein said lens is formed from

poly(HEMA-co-HOHEXMA). -

9. The intraocular lens of claim 1, 2 or 3 wherein said lens is formed from

a material having a refractive index above 1.33.

10. The intraocular lens of claim 1, 2 or3 wherein said lens is formed from

an acrylic material.

11. The intraocular lens of claim 1, 2 or 3 wherein said lens is formed from

a silicone material.

12. The intraccular lens of claim 1, 2 or 3 wherein said haptic elements
are formed with a dimension in 2 plane generally perpendicular to the
eye’s optical axis to be greater than or equal to a dimension in a plane

generally parallel to the eye's optical axis.

R O L

AUl




are formed with a dinension in a plane generally perpendicular to the
eye's optical axis to be greater .than or equal to a dinension in a plane

general | el to the eye's optical axis. 1111111111;&.11,&?&;11; 111 11
1111 18 él'(E WO 01/ 08607 PCT/ US00/ 19479 13. The intraocular [ens of

claim1,2 or 3 wherein a glare reduction zone is forned adj acent to the

t i ph d f th i C [ . . 14, The intraocul ar | ens of
olam b 5" o35 o dEaagulsk dens SRt 542 06 B phéfsin & Blace BrRGN ZMBdcs o

stiffening el enent having:liess resistance to berding in a plane generally
paral l el to an isjermednadiacant ta thesouter peripheral grge of Hia RS RAtiOR pendi cul ar
to the eye's optical axis. 15. The intraocular lens of claiml1, 2 or 3
wherein the haptic elenent includes a stiffening elenent forned froma
material selected fromthe group consisting of polyimde, polyolefin,

hi gh- densi t y1g0The #riteaoculey lens ofclairmtt21br 3 Wherdimandorimofe absaifact uri ng t he
intraocular lens of claiml1l, 2 or 3 conprising: formng a disk of a

sui t abl e nat er itaiptic @lemenits ditludetoa stiffehihg eferhenthainglieds séssisthinice fo et hod  of
manufacturing the intraocular lens of claim1, 2 or 3 conprising: nolding
sai d I ens of a pendirgihea plahe genbrally parallel to an eye's optical axis than in a

plane generally perpendicular to the eye’s optical axis.

15. The intraocular lens of claim 1, 2 or 3 wherein the haptic element
includes a stiffening element formed from a material selected from the
group consisting of polyimide, polyolefin, high-density polyester, nylon
and metal.

16. A method of manufacturing the intraocular lens of claim 1, 2or 3
comprising:
forming a disk of a suitable material, and

machining said lens from said disk.

17. A method of manufacturing the intraocutar lens of claim 1, 2 or 3
comprising:

molding said lens of a suitable material.

* c L M S *
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~111111 211211272 trbrraaaaart e 19 WO 01/ 08607 PCT/ USOO 19479  18. A
met hod of using the intraocular lens of claim1,2 or 3 conprising :

creating qpohnﬁké;on in a cornea and | ens capsule of an Q¥ﬁw0ﬂﬁﬁﬂﬁwing a
natural lenS or said eye, and inserting said intraocular lens 1n said |ens

capsul e of said eye. I T U U Y Y G Y \Y I I I I O I O 24 0
il ~~
18. A method of using the intraocular lens of claim 1,2 or 3 comprising :
creating an incision in a comea and lens capsule of an eye,
removing a natural lens of said eye, and

inserting said intraocular lens in said lens capsule of said eye.

A
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