;e3ew~qwW{ | | rodoXg6gTgXhNA 1 6 DEC 2003 | NTRAOCULAR LENSES FlI ELD OF THE

| NVENTI ON The present invention relates to intraocular |lenses (IOLs) and a
nmet hod for nmaking and using the same. Mre particularly) th? ppﬁze
invention relates to I CLs desmg%gri@é{em refractive c@o cthon in
phaki c eyes where the eye's natu cd intact. 10OLs nmade in
accordance with the present invention may al so be used in aphakic eyes
where a di seased natural lens is surgically renoved, such as in the case of

cat aract s. FRAGK@ROTMNE PEVENTIONVENTI ON Vi sual acuity deficiencies such as
nyopi a (nearsi ghtedness), hyperopia (farsightedness) and presbyopi a

(age-rel ated farsi ght edne. i cal. r } f refractive
| enses such as ;@‘@g‘?r&ég'&'ﬁgknﬁéﬁ{%%?éﬁcgn'bg@&;&lﬁf Eéo‘ﬁéﬁ 'Pgégé'ﬁ?/%es of | enses
are effective in correcting a wearer's eyesight, many wearers consider the
| enses i nconetbnt ot making are ysinathersane| Jviafe parti@iaruithe Hresdm ti mes,
renoved periodically and may be | ost or msplaced. The | enses may al so be

danger ous Ghveritithaefis®td fOLS eeskmieds priratilydop pifesctive edrhdationdn phakio ti es -
or suffers an inpact in an area near the eyes. SUBSTI TUTE SHEET ( RULE26)

1 6 DEC 2(;03 The ur g cal i y rm of
refractive e&g;r r}&‘?ﬁggﬁe %B{e;shlé%ugglel%ég 'ﬁ@‘?ﬂﬁ%@gaéég@f%g“?ﬂgggpui ar %?{:/8 | CL

i npl ants have been used for many years in aphakic eyes as rerpl acenents for
di seased nawith tie piegentinvention gaw3lsorke Uﬁ%‘E!ﬂ BRBAKIG AYRSWN®™® 3 cnoved from
the eyes. Many different |1 OL designs have been devel oped over past years
and proven dissgmrishaturdl dens Besumicaipabmovedesuctbasdesisé casé 6 . designs to
date primarily include an optic portion with supports therefor) called
haptics, co fatcf? to and surrounding at |east part of the optic portion.
The haptic portions of an | OL are designed to support the optic portion of
the 1OL in the lens capsule, anterior chanber or posterior chanber of an
eye. Commercially successful 10OLs have been made froma variety of

bi oconpatible materials, ranging fromnore rigid materials such as

pol yrret hyl nBAGKGROMND ORIVRE INVEDTION nore flexible nmaterials capabl e of
bei ng folded or conpressed such as silicones, certain acrylics) and

Visual acuity deficiencies such as myopia (nearsightedness),

hyperopia (farsightedness) and presbyopia (age-related farsightedness) are
typically corrected with use of refractive lenses such as spectacles or
contact lenses. Although these types of lenses are effective in correcting a
wearer's eyesight, many wearers consider the lenses inconvenient. The
lenses must be located, worn at certain times, removed periodically and may
be lost or misplaced. The lenses may also be dangerous or cumbersome if

the wearer participates in athletic activities or suffers an impact in an area
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near the eyes.

—
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hydrogel s. Haptic portions of the I1O.s have been fornmed separately fromthe
optic portion and |l ater connected thereto through processes such as heat,
physi cal staking and/or chemnical bonding. Haptics have al so BeREE ollffed as
an integral part of the optic portion in what is commonly referred to as
"singl e-pi ece” | Ctige uSefdtairgitBlgirhpiaxidd IOUhS ahsertnditint st 8f popul arity
in nore recent years due to their ability to be -conpressed, folded, rolled

or otherws ‘ 1. ( ~ 6 0 r Such

Sof ter 1 OLs RO SRREIRNTEPhakCelyes Ras hoarkorng by enlfadyn 0 i si on
in the cornea of an eye. Following insertion of the IOL in an eye, the |ICL
returns to ilfplatsdiaye begrnuged donwany hapes iuephakic pyesasveplacements .
characteristics of the soft material. Softer, nore flexible I OLs as just
descri bed ndyr dizeasptardtars! icpystakine tarsesithatibava beehaiupgieslly fsxhoved much
smaller, i.e., 2.8 to 3.2 mm than that necessary for nore rigid | Os,
i.e.) 4.8t I L e AN AL S; | Ql CLs
becatse ¢ he TaRANauYeS, JRRAE UiTelShf O dEialS HE M der ShyoiBhes bl fas
slightly larger than the diameter of the inflexible QL optic portion.
Accor di ngl y,Ya#s$ @nd; pfoyen@guecaasiel (s usadn aphakisopyesar Suscessfubi@lket si nce
| ar ger incisions have been found to be associated with an increased

i nci dence ofdesighotedate pamasipinciuale ameptic poftiorswithduppdrta tidrefor! | sm
After ICL inplantation, both softer and nore rigi.d 1OLs are subject to

compressi ve dedqatid cBfinottett Mﬁ%&g@gﬁ%ggféﬁganwtﬁé opfe! cal Ly

occur when an In squirnts or r Se conpressi ve forces
may result in decentration of the |OL and distarti of the visual inmage.

Conpr essi ve RYFPBs é’i?e&?@ﬁc BH“!&WS«‘&ana!?ﬂ-oafeeaeﬂsaeg39§3Pasz.§f;§|ﬂe APY%I acement
of the IOL along the optical axis of an eye. Mvenent of an | OL along the
optical axi spartioarofdhe 10ksnithe lens eapsule, anteror ehamber bnpbsteriappl i cat i ons

to cause the 1OL to contact and danage the delicate corneal endothelial

cel I layer ofhdriBef®faneyeh potential .damage to the delicate corneal
endothelial cell layer is due in part to the design of ‘anterior chanber 3

SUBSTI TUTE SHEET ' 6 I that are vaulted to. prevent
interference or d ﬁﬁﬁg?%ath%"(fcﬁ%g@fa g%hg?gi)e&nsrg)a%p&ogngfvag&mgh

desi gns, whether vaulted or unvaulted, or formed of either softer or nore
rigid materitipsompatiple majesials cranging forHmor figidhmatgrials sechaseye when t he
haptics are conpressed. | OL manufacturers provide a w de range of | OL sizes
to nore precpalymethylimatbasrylatedBMMAR G saftéramaratiiexitié smatgdalsicapablérofvi di ng
a wde range of I OL sizes is an attenpt to mnimze the potential for axial
di spl acement pgfhgtfRiddbr bAPEeddR QUth asilicones, Reridth swi%éf%g‘raulse of the

noted shortcom ngs of current | OL designs, there is a née CLs

designed to ginimze i i a f Qptic_portion along the
optical axi sﬂl%&oglﬁgs'eeélp@/h@%@@ﬁ)&@@?@&gf'}ﬁvé&é%@r&?gﬁ%@%@& fﬁ%‘f‘ t he
outer edges thereof. By |lessening an | O.s novenent al ong the optical axis
of an eye, n¥ecoRlG partipn and later Gannested thereto thigugl pregassessuemast he ri sk
of cornea! endothelial cell |ayer danage may be reduced. SUWARY OF THE

| NVENTI ON Anheat, iphysidah staking atd/@r)chemital ibondingr Hapties havdalsbbgenesent
invention has an optic portion with an outer peripheral edge and two, three
or four |oop ,ﬂaf) ¢ } ti tid i i
patient's eyy A %ﬁ?"ﬂgﬁ%’[%’féq (t)ope %.%ﬁ[ﬁlag l@ﬁ’eﬁrﬁ goﬁg{@g?&*ggaby

havi ng a IooFeg ha’RtiC el ewgcgf_ formed or attached on two opposed edges of
the optic poq BnSNE'S-BIRCE, ﬁ'g three | ooped haptic elenments is bal anced
by 4 SUBSTI TUTE SHEET ( RULE26) 1 6 DEC 2003 having a set of two | ooped
haptic el ements f &oftar, ooraflexible Ohhaye geingd infpapularitpin mosedecent t hird
| ooped haptic elenment formed or attached on an opposite edge of the optic.
A lens havi ngeafyidué o6 mesir BBility © Bé eomprsssed, folded, rolled or otherwise
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bal anced by having a set of two | ooped haptic el enents fornmed or attached
on one edge of the optic and a set of two | ooped haptic el emenij é@r@ﬁ or
attached on an opposite edge of the optic. Each | ooped haptic enment” nas
an inner edge portion) an outer edge portion’and generally two attachnment
porti ons défatmpdr rBusimsofierdOhsavay beralgfouped priaptd ipserti e®h the outer
peri pheral edge of the optic portion. In the case of |enses having three or

four 1 oopg @PBHQn&bWﬂttﬁe corricdf ofdn Bye. IFfleRthdinBetrebRIFRTCL [FRY have
three attac nt portions rather than four. fn such a case, one of the

three attachnen tigns is .commn_to each of 't I d haptic

el enents ﬁ"ﬁeﬁ/ﬁe&@g@l' E‘%&'Fﬂﬁ @o‘%@%ﬂgﬂgﬁﬁ?r '@?@F@ﬁg sﬁ?ﬁ%%ﬁcﬁ&ﬁgs a flexible
central portion |ocated adjacent to each of the two attachnent portions and
a cont actmeimnry dharactedsties okibe softemateriall Softer.eneenfiexibledtis ass. The
contact plate is designed to engage an inner surface of a patient's eye.

The two f{,QKHBLE SN be fhplaAtd ihfbnayedRebytt e piRisioe tivatisantcty! at e and
the attachnent portions allow the lens to adjust to pressures exerted on
i

the lens wthin.the,gye. [.t] I L1y -Laxihl.e: cent pal
portions, S ﬁr'I'@O’S%'g ‘ﬁa%?%ef@ﬁ?h?&?%%’gﬁiﬂﬁ@ge '&Q\%bg'rséél‘é é‘?ﬂ‘pesi stance
to bending in a plane generally parallel to the optical axis of an eye than
in a plantd Gémmal Alapgeriscigiops aecessanydoomore HoldAls becaysathe py |
provi di ng | ooped haptic 5 SUBSTI TUTE SHEET ( RULE26) 1 6 DEG 2003 el enents

Wi th thisidngnaust bélissertad tHrougthan isdisibndh ities c@ﬂﬁ@aﬁlighﬂ%lar@@ttl’ﬁéms eyes of
varying sizes. The flexibility characteristic of the subject |ooped haptic

I t | gt . ' ' i - antiabl Cal
G spl aconiii AL L IMEife RO bbGE s8R, CALeBrERR; MSIRARBEIS” 251 U
f ted inst the | d haptic, el ts of the |OL.
AcCor di nghgYe Recoma PsstiaRYaTn the BESkECEREE IHT0EhRPBIPINBYS pPED
i ntraocul ar |l enses for use in phakic eyes. Another object of the present

i nvent i onfound to peassdeiated with@n incrdaseddscitienceiobpostopaeative eyes, which
fit a variety of eye sizes. Another object of the present inventionis to

B S| acenSorapale Absch (ot lgratisn £ o1c°, 10O 2GR o
the eyes. Anothet  G¥ICHpiShtatinR, BSh Ster sRUFRGI il JOLE b Ribfiset'tgt r aocul ar

compressive forces exerted on the outer edges thereof, which typically

océur when an individual squints or rubs the eye. These compressive forces

may result in decentration of the IOL and distortion of the visual image.

Compressive forces exerted on an IOL aiso tend to cause axial

displacement of the 10OL along the optical axis of an eye. Movement of an

tOL alorIg the optical axis of an eye has the potential in anterior chamber

applications to I:ause the IOL to contact and damage the delicate corneal

endothelial cell layer of the eye. Such potential damage to the delicate

corneal endothelial cell layer is due in part to the design of anterior chamber
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| enses for use in phakic eyes) which nininize damage to tissues in the
interior of the eyes. Still another object of the present inventi iIs to
provi de intraocul ar | enses, which are resistant. to decent r h6i B hin the
eyes. These and ot her objectives and advantages of the present invention.
sone of whilEisthat Qp@&aﬂ‘twltbyprdwmtrihmrancle or ldansagehtd theridsoftan wi | |
becone apparent fromthe detail ed description, drawi ngs and cl ai ns t hat

fol | ow, whegwi nAlddkeOf 8¥f eluAEnBAEsIHRS] WAAHHRS VXt lwg%% S
DESCRI PTI ON %é: THE DRAW NGS 6nSUBsSl$I 'IJUTE SHEET (EB@2 Tt@& OE)@E}T%OB

::LSJE(E ﬁgl Z ﬁ%ﬁfﬁ}%ﬁér”i‘ﬁﬁ?@%ﬁ ﬁ%‘ﬁv{ch{’]ﬁ) % hHe ?Hﬁn% | or

chanber of the eye; FIGURE 2 is a plan view of an | QL W|th three | ooped
haptics rmadef @m eye ydramthechaptics arBcoprpresaed. iQle manufactarespifogidesaa si de
view of the IOL of Figure 2; FIGURE 4 is a cross sectional view of the IO

of Figure 2widekein I@fnml_fsnﬂ@sfbAworelialr%y&tll@l.gtB%a%h%érh&@laYg%WeH{sthe
| OL of Fi gure 2 |GURE 6 is a side view of the |ooped haptic el emen

Figure 3 w rp S a e view of the |ooped, haptic
el grrent of gure %oﬁqg@oau@ee% %fllﬁjﬁ l%apsa%rgptég 'EW)’E‘% & i onal
view of the |ooped haptic el ement of Figure 6 with a stiffening el enment;

FI GURE 9 i sp%tteﬁﬁahfw exial gispiacenment pfithe g@braloag;the opsipal @ds phaa eye.
accordance with the present invention; FIGURE 10 is a side view of the ICL

of Figure 9; FI GBBEtadde bftte mbtad shioﬁwoﬁ'fln@@of Elrrent [OLf @ekignaoffsteligll i Cs
made in accordance with the present invention; FIGURE 12 i's a side view of

the 10l of FhQu¥sr 1blis desthiiRi o Mifmdalial g}élp?a?c@ment of the 10L optic

portion along the optical axis of the eye when compressive forces are
exerted against the outer edges thereof. By lessening an IOLs movement
along the optical axis of an eye, more certain refractive correction may be
achieved and the risk of corneal endothelial cell layer damage may be

reduced.

SUMMARY OF THE INVENTION

An intraocular lens (IOL) made in accordance with the present
invention has an optic portion with an outer peripheral edge and two, three
or four looped haptic elements for supporﬁng the optic portion in a patient's
eye. Alens haviﬁg tyvo looped haptic elements is balanced by having a
looped haptic element formed or attached on two opposed edges of the

-optic portion. A lens having three looped haptic elements is balanced by

SUBSTITUTE SHEET (RULE 26)



~ s' 0EC zoos FIGURE 13 is a plan view of an IOL with two | ooped haptics
made in accordance with the present invention; and FI GURE 14 g9 giggle Vi ew
of the IOL of Figure 13. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Figure 1
illustrates a sinplified diagramof an eye 10 showi ng | andmark structures

" rel evant e_i | f Lot raocyl ar lens, of the present

i nvent i on&‘%l\étpg iégfﬁﬁﬁ“{?ﬁ‘ééf@ﬂ?’éﬁ’?‘fgc%%ﬁﬁﬁﬁ g’é&‘eé;o?rn %aq‘?‘i;ﬂﬂ one ?5?993 14. A
natural crystalline lens 16 and a retina 18 are |ocated behind the iris 14
of eye 100ftyeoptic andéhe thirdleeped hanticslementfienmed posttached onfaront of iris
14 and a posterior chanber 8 |ocated between iris 14 and natural lens 9 6.

| OLs of t pppsits edbeioftisnbpiisl Arlenshelvieefduy iboFedRbetc elferfBhrisor chamber
6 to correct refractive errors while healthy natural lens 16 rermains in

pl ace (phak ' | I ' | ,so, be
I mpl ant edﬂé#\éhp%gfé ét ﬁ%\tr"h@h%)asr%g?t@og{)oé%ﬁgg@gggﬁ rg%@%’sﬁéﬁn%ge&f‘%n gki C eyes.
When used in aphakic eyes, (OLs serve as replacenents for surgically
renoved dicfeRR@a8dgaOf fa opticyard aiset of twa lasped haplia pipments fasmiedprcat ar act
surgeries. Eye 10 al so includes an optical axis OA-OA that is an inmaginary

line that gitached dnhamogpositecedys of tHe optid.cEagh Iodpedhaptioeléehtisgs 22 and
posterior surface 24 of lens 16. Optical axis OA-OA in the hunman eye 10 is

general ly ' e 1.0 ' q r and
Yot na 15 2RGNERER4GY pRfticaB B} bl BorfidH BAR gEmesl M athEieh?, 10
present invention,  as iIIus}rat ed in Figures 2 through 14 but best

i 11 ust r at ®Priiensthal pegmanently qannard theylogped biaptic elegentsterthe outer,
reference nuneral 26. 10OL 26 has an optic portion 28 with an outer

per i pher alperipherd @dge@f tRé optic pestigmebh fher casgpbfilenses havingfreealdry in
anterior chanber 6 of a patient's eye 10 and.is preferably vaulted. For

anterior Cfb@ﬂl‘é)%fl;eé PR efethe MRS A sot VRIS Iéﬁpéﬁ)ﬁégfii% E;Hrﬁ;%b{tsgma HaPe2- 0 MM

but preferably 6 to 1.7 mmneasuring fromthe out er peri pheral

edge 30 Ofthloé%t éﬁa%%éﬁt%rﬁgné PatﬁQFthglnaf'aﬁr.oin ggct-aacéa el. %tneesots’(ﬁe tﬁlreeseCri bed in

det ai |

attachment portions is common to each of the two looped haptic elements in
the set. Each looped haptic elément also includes a ﬂexible central portion
located adjacént to each of the two attachment portions and a contact plate
located between the two flexible central portions. The contact plate is
designed to engage an inner surface of a p_at_ienfs eye. The two flexible
central portions that extend between the contact plate and the attachment
portions allow the lens to adjust to pressures exerted on the lens within the
eye. Additionally, within these flexible central portions, each looped héptié
element is designed to have greater resistance to bending in a plane
generally parailel to the optical axis of an eye than in a plane generally

perpendicular to the optical axis of an eye. By providing looped haptic
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bel ow, is generally suitable. However as nentioned above) |IOL 26 nmay
"likew se be inplanted in posterior chanber 8 or in the case qf BE aki c
eye, in lens capsule 7 in which case I1OL 26 need not be vaultéh. br er abl y
integrally fornmed on peripheral edge 30 of optic portion 28 are two, three
or four |ooped haptic el enments 32, each having an inner edge portion 34 and
an outer edgterpents with this type oh dexibijty pba@céﬁf@rﬂpstr@zprgsenblﬁs Eﬁsme,s
integrally fornmed with and permanently connected to outer peripheral edge
30 of opti copvatying sisbyTie flexibitityp charadtenstie o3 $he Alubjethiabbed|haptievwever ,
haptic el ements 32 may be attached to optic portion 28 by staking, chem cal

pol yneri zat | . + SKIi i .t,. Each
ooped hapt PETaPhiscellvs ] 3 Co Bifhoh b0 Bifirklos LiRecehiblp s,
designed to preferably engage inner surfaces 40 in anterior chanber 6.
Hovever coﬁtsavéacﬁmsngowq-@p% pertion alepo dhe eptisalAxis Whee compressive 42 in
posterior chanber 8 or inner surfaces 43 in lens capsule 7 of eye 10. 9

SUBSTI TUTE fatcEs Ar&dxerted agdinét (ieGodpad Haptie elemeiats of the 1OLL he present
i nvention, |ooped haptic elenents 32 are designed so that when |OL 26 is

inplanted in a pad i j ; d?’u@ essive
forces exerted b?éﬁélrﬁgﬁ%‘ﬁgc%s&g%cpgtﬁ‘gr&Egé@ﬁﬁ\é%ﬂ[ ac %@g@i 38 of
| ooped haptl(‘f el enents 32, Iooged Bag,tl c elenents 32 flex so that contact
plates 38 ditFRACUAT l@Dses AU M RBRKICAYES42 or 43 in the eye 10.
Accordingly, |ooped haptic elements 32 are designed to flex in a plane
general |y paral | éAnatbet bajechbf the pregemt inventias iofo povideGintradcglener al |y
perpendi cular to that of optical axis OA-OA of eye 10. By designing this
type of flexddddd i SUhE Wi beLai ments 32) 10OL 26
Jorlies fof (sBAnARakic Y, Whic thaRfeh \epéyesiobe

may be manufactured In o or a few standa I"zes an e a suitable fit

for nost sizes of ients' .eyes 10. The flexibi]ity characteristic of

| ooped haptic el &@ﬂﬁgr@@eﬂggﬁ?ﬁ Rf‘?ﬁ%é”vﬁﬁ%%‘ '%*os '?6 L‘%r'e} f’oﬁ‘f"la{)pti c
portion 28 in a direction along optical axis OA-OA of eye 10. Conpressive
forces -of dignsas fag usedniRhakic eyes whichiainimizg axial displrcementtafitheoplict o 5
M\ exerted agai nst contact plates 38 of |ooped haptic elenents 32 to effect

appr oxi mat eppritonottta lented along thedbpticd] @xisasfithe @ygson of | OL 26, such as
that caused by differing eye sizes) results in | ess than approximtely 1.0

nm but nore pref ?gr;gg i : referably
| ess than appr oxiﬁﬁa?g% ob@r%%hzéx],aa éﬁ&@@gﬁsn& 0 (S%ﬁlﬂgggg'?l??on 28 al ong
opti cal axi 10. Under. li ke conpressive forces, |OLs known

P Lhe art TeRses Tanise BAMAKIE AR WWGIcMiiis damage o fissues i the

interior of the eyes.

Still another object of the present invention is to provide 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

6
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di spl acement of 'the optic portion along the optical axis in the eye) which
10 SUBSTI TUTE SHEET ( RULE26) 1 6 DEC 2003 may damage delicate_tissues

therein. The unique design of I OL 26 achieves significantlyif RERi axi al
di spl acenent of optic portion 28. The 10L 26 of the present invention with

its mnimzed gNAIRE SR 266RBMatiE reitisbataRIN bftRe IteAbPbEa RN Cor neal
endot heliumcell |ayer 4 of eye 10 from damage when a w de range of

are appi 1 e BeGing B el ol e BitefoEhs 1ok ARPANREE By AR B8R pi o

el ements 32 of 1OL 26 as descri bed above is achieved through the uni que
desi gn t heahegnbernef thesye;| | ustrated in Figures 2) 9) 11 and 13) and nost
particularly in Figure 11, ICL 26 has | ooped haptic elenments 32 forned with

angl ed, arched PIGUREZ S & prabliewcenarn fOL natH pees lobpetithfstizdtmb@edht achnent
portions 33 permanently connected to outer peripheral edge 30 of optic

portion 28. The ang| g r Q d flexible central portions 44 are
essenti al qqﬁ:qrﬁ%%%quﬁ tb%é’ﬁ%@@s’é&‘?@%'exi bility to the IOLs of the present
invention. As best illustrated in Fi %ur es 10) 12 and 14, flexible

3
central portionSIGUREaY s a siflereiew efithed O @PHQQH@ 345, generally parallel to
optical axis OA-OQA) equal to or greater than the sanme in plane 48-48

general |y per peRURES id a oppés sédtional siePohelOldepFiguasi2itakén alorey 2.
Transition portions 50. of significantly decreasing size in dinension in
pl ane 46-%@E§¥LFnd fromflexible central portions 44 to broadened contact
pl ate 38. ntact plate 38 is relatively flat with either rounded edges 52

as depicted in E .to provide a,snoqther fit with jnner surfaces 40,
42 or 43, or rmELg@B% %é%l,a Aersp +Vee‘6‘a‘€s°%é£eé@L&§5€M%f§c#'11 SUBSTI TUTE SHEET
( RULE26) 1 6 DEC 2(103 in Figure 6 to provide a barrier to prevent
cellular mgration and growth upon inplantation in | ens capsule 7. The

rel atively thi nFIGURER6 is ardide view of thel8opks hapticietarnest off FiguisA3 avith act by
virtue of its overall angled, arched or bowed cross section as illustrated
in Figur essﬁaﬂp@?%ﬂ@@s?"-
FIGURE 7 is a side view of the looped haptic element of Figure 3 with
rounded edges;
FIGURE 8 is a side cross sectional view of the looped haptic element |
of Figure 6 with a stiffening element; |
FIGURE 9 is a plan view of ah IOL with four looped haptics made in
FIGURE 10 is a side view of tﬁe IOL of Figure 9;
FIGURE 11 is a plan view of an |OL with four looped haptics made in

accordance with the present invention;

FIGURE 12 is a side view of the 10L of Figure 11;
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The subject 10L'26 is preferably manufactured to have an optic portion 28
approximately 4.5 to 9.0 mm) but preferably approximtely 5.0 to 6.0 mm and
nost preferably 5.5 nmmin dianeter and approxi mately 0.15 mnto 1.0 mm but
preferably approximately 0.6 to 0.8 nm and nost preferably O. 18. DR6n 2003

. thickness at perleheraI edge 30. Looped haptic elenents 32 extend fromthe
optic portion 28 éGuRi@esarplanqmpaanymméuoé@omm@mﬁ madeaini on and
will increase or decrease in overall |ength depending upon the size of |ens
desired and acherdéinaeayith thef pregsentinventiomat. As the dianeter of optic
portion 28 increases, the overall length of |ooped haptic elenments 32 may
be decreased. Li I o] it on 28 decreases, the
overall length oﬁ%&aﬁgéﬁgge n%ﬁ{hsé) BH:%ol"ggl‘lngcreased However, as
customary, the overall length of the | ooped haptl c elenments 32 are varied
to achieve desired IOL 26 sizes rather than varying the sizes of optic
portions 28. In general, |ooped haptic elenents 32 are forned to be

appr oxi mat eIDEPARBD DESCRIRTION OQF ¢HE INVENANoxi mately 3.4 to 5.0 nmm and
nost preferably approxi rrately 4.2 mmin length neasuring froma point of

equal distance b ; { ral edge 30,
" to the center ofq:f: glc %%ﬁﬁﬁoopedgﬁ?ﬂ?’Z%E‘%ﬁggﬁﬁ?%SHEET
( RULE26) DE 3 el ene e preferred to have a ner a :
rounded or Mmé&%ﬂb‘ap?ﬁ %‘P ﬂ?‘%l"?@?@ tiop qf,qjmng@ogulagel\ensig% 13 to
al l ow radi al deflection under corrpr essive forces. For purposes of the
present i nveresemnt invérdianen&yal 10 includedean opticallyl cleangarned . 12apdanhidpt i ¢

el e_rrent 32, i.e., the beam curve shape, relative to the width to thickness
ratio, i.e. .14 hg raaRarkbrn/splite ldhs 1@5&9@ rafiRka 18 @r‘eﬂﬁ&ﬂiedﬁ?emﬁd(iﬁé ¢id bed
her ei n |s critical to achieve suitable function. Flexible central portion

or et er ably ApPLAA ﬁ%"ﬁ%& ?%P%%"éﬁgﬂhﬁéﬁfar&%f bl gaibr

| engt h; apprOX| rrately 0.2 to 1. q'rg but preferahly approximately 0.3 to
0.7 mm and rds{ @r@r%pagt%noaﬁbam lergted, bﬁwﬁ?ﬂl'ﬂsﬂl"n%ﬂd@g@rﬁdebﬁane
46- 46 and approximately 0.2 to 0.7 mm but preferably approximately 0.3 to
0.6 and nosti6r ¢éOks afthe prasent immntiby abe H3eferably imptirted in phterior48 48.
Transition portions 50 are approximately 0.4 to 1.1 mm but preferably

appr oxi nat el gh A SerlePtolcSrrder raftdcfiRs brrBfsAlvRIIGRENItAP RairaMRhS! 96 fenfaifE) | N
in place (phakic application). IOLs of the present invention may also be
implanted in posterior chamber 8 or lens éapsule 7 for use in aphakic eyes.
When used in aphakic eyes, |OLs serve as replacements for surgically
removed diseased natural lenses 16, such as for example following cataract
surgeries. Eye 10 also includes an optical..axis OA-QOA-that is an imaginary
line that passes through the optical center 20 of anterior sufface 22 and
posterior surface 24 of lens 16. Optical axis OA-OA in the human eye 10 is

generally perpendicular to a portion of cornea 12, natural lens 16 and retina

18.
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| ength. Contact plate 38 is approximately 0.8 to 2.5 mm) but preferably
"approximately 1.0 to 2.2 nm and nost preferably approximately 1.8 mmin

| ength, approximately 0.05 to 0.5 mMm) but preferably approxq{ geped ¥68.1 to
0.4 mm and nost preferably approximately 0.3 mmin thickness and

approxi matel y Op I@L%_fﬁ@ﬁil)es'asi& gﬂ@ﬁiiéh?%ﬂ%@r@%@dirﬂﬁg@ﬂs 9-tArédgH- 2 MM and

nost preferably approximately 1.0 mmin w . As provided through the

bei ng. ol st flsBRREn g E 2 1 a8 SekrioifedaBBifal gy °° 15"

DEC 2003 outer edge portion 36 to being rel ativelé thick at attachnment
‘portions sFergnteoptmergl@: ilOh 28 hagiamoptie pppian 28 mithaan putarn ons 44
preferably exhibiting a thicker dinmension in plane 46-46 than that of the

width in Pbﬁﬂﬁet‘hﬁ‘eﬂge HQWEQdTéFﬁésqrﬁé@f&ﬂhﬁ)léﬁaﬁénb'?@feﬁaﬁwﬁﬁtarﬂéﬁérgn tend

to deflect into closer proximty w outer peripheral edgée 30 when a

conpressiop _faorce is exgrted agajnst,.contact, plates 38 wth mninml axial
di spl acenﬁﬁ?"&%%gofzﬁ){)?ﬁ%ﬂt Sa%%%ﬂ-"&&.s Ri ap&_vaygteps ﬂ&f‘qggoﬁ refractive
lens, a stable) reliable refractive correction is provided. The desired

f1 exi bi | i chaother&capplications,« vauib pbappegrimately i ta 2.3mmybut 0L 26 may

| i kewi se be achi eved or enhanced by incorporating a stiffening el enent 60,

i n the shppefepabliq 1.6 PV, mm nigisusingTram the qikese biptier peripherdisedds as
illustrated in Figure 8. Stiffening el enment 60 may be positioned I n | ooped

di ensi on T RPICGIAEPARR b tip T ofSonfelblaldh 38, BEScHacl i detall”,

that of an |l-beamin construction to prevent axial displacenent al ong
optical abelowpns@engrally suitablessHowaver as meantigngd aBoy @cinggﬁ‘a}bl ates 38.
Stiffening element 60 is fornmed of a less flexible material than that of

| OL 26. Sitikewiidechairhplantddsinf postatiof ¢lrambgr 8larrie the 68se of BndzpHakic ar e not
limted to polyimdes, polyolefins, high-density polyethyl enes) polyesters,

nyl ons % @Sgngfﬁbfsmeoﬁwmdmé@smmweé@ A6t 58 Vhalke s Pfré{efrsﬂlwgh

characte ening element 60 may be used in conjunction Wt
| ooped hapt|

e N el BRRR sl péoHar PS8 306 oic! orfiBs 28 AR, il grer 14
four looped haptic elements 32, each having an inner edge portion 34 and
an odter edge portion 36. Looped haptic elements 32 are preferably
integrally formed with and permanently connected to outer peripheral edge
30 of optic portion 28 by attachment portions 33. Alternatively however,
haptic elements 32 may be attached to optic portion 28 by staking, chemical
polymerization or other methods known to those skilled in the art. Eacﬁ
looped haptic element 32 also includes a broadened contact plate 38
designed to preferably engage inner surfaces 40 in anterior chamber 6.

However, contact plate 38 is also suitable to engage inner surfaces 42 in

posterior chamber 8 or inner surfaces 43 in lens capsule 7 of eye 10.

9
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1 6 DEC 2L~f?3 haptic design is desired while still achieving the desired
"flexibility characteristics. Suitable materials for the production of the
subject 1OL 26 include but are not linmted to fol dable or conpk&dECHRE
materials, such as silicone polyners) hydrocarbon and fl uorocarbon

pol ymers, hydrogel AN | IS ol yest er ol yam de

pol yur et hane, siglﬁi %‘iﬁ?i‘%ﬁ?@%@h% &%S%%Wgﬁﬁﬁpp,cbﬂgﬁ%%pagﬁrqrggntss&

fl uorine-containi ng pol ysil oxane el astoners and conbi nations thereof. The
preferred rafedlasignedsoithat whea Ol 2hisoimplantezbine patientisr eyseh® andvention is
a hydrogel made from 2-hydroxyethyl nethacrylate (HEMA) and 6- hydr oxyhexyl
net hacr yl atigeld iopREEthrougle comprbssivEiércee exaidMy innBe ksufEEa4\q 004 31OHEXVA)

is the preferred material for the manufacture of I'OL 26 due to its

Farract ve kg PR Riafs FEBY RERH i ARt 32, BopsBiEnat “of (he
aqueous hunor of the eye, i.e., 1.33. A high refractive index is a
desi rabl e felamenés 88 figresethat vontast pbatelscﬁ dodat sjide alangysurianeiscl, 42ower

with a mninmum of optic thickness. By using a material with a high

refractive ¢mdiin the eyt Oanatbdintsy] loopee isptiteleRRnEPE2 &Fé Besidhieddo 2
thinner 1O.. Athin Iyg, such asﬁ’?gat gf I'g;p 26)ei snpart I cul a?Pﬁ degi rabl e

y
i n phakic q ' i g | . tween | CL
26 and i 11 SRRl abARrAIR dRrAR RE U oot o 2 SRRCRRRRES Al s o
desirable materi ﬁl| I n trgcg &rogy&”tiowg of 1 OLs, 26 due to its mechani cal
strengt h, gAY Pefpeprear atiof opligataxsiRd ot eyeid BY 15
SUBSTI TUTE SHEET ( RULE26) 1 6 DEC 2(103 nani pul ati on.
Pol y( HEMA- cdesitphiByMhjs tyipecofiexitilityichabs etenstio into foopeer haptic aisientd 82f or | OL
use. I OLs manufactured froma material possessing good nmenory properties

such as t hos, 96 rig) BeHRMAuRRAISHER(MNe 598 abi st dartiRi o] pald ed_manner

in an eye, rather than explosively, to its predeterm ned shape. The unique
destan ot 5igHHRRERr ok A% BobitacEh . ol PRl Farmapibgey o
control of |23325 %al;)?ifcoellg;nne%ts 32 also minimizes axial displacement of optic portion

28 in a direction along optical axis OA-OA of eye 10. Cbmpressive forces of

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

against contact plates 38 of looped haptic elements 32 to effect

- approximately an overall 1.0 mm in diameter compression of IOL 26, such

as that caused by differing eye sizes, results in less than approximately 1.0

mm, but more preferably less than approximately 0.5mm and most

preferably less than approximately 0.3 mm axial displacement of optic

portion 28 along optical axis OAQOA in an eye 10. Under like compressive

forces, IOLs knov: in the art result in greater than 1.0 mm axial

displacement of the opfic portion along the optical axis in the eye, which

10
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upon insertion thereof in eye 10. Explosive unfolding of 10s is
‘undesirabl e due to potential damage to delicate tissues within the eye.
Pol y( HEMA- co- HOHEXMA) al so has di nensional stability in the dyePEGINSEh is
desirable. Al though the teachings of the present invention are preferably

appl i ed t enfplhmabel Ridak GsdudshBRSIAEITRE uwcgj&é Gé?igg S¥1oLoppr essi bl e

material) thHe sanm® may al so be applied to harder s flexible tenses

fornmed of a, relative rigid.material, such as pol ynethyl net hacrylate (PMVAR)
having 11 EEhisvesgitTcat it adel FPhsE g P e ooR oBr! Thec et i a1
Optic portion 28 of IOL 26 can be a positive powered lens fromO to

appr oxi mai@Ly26-afithei pnesentinwentiomatthtitsvmininized dxiab displacementt af optic
approximately -30 diopters. Optic portion 28 nay be bi convex, plano convex,

pl ano- congyfon DB PRHERYSHY cErRESPYSIGAENEM ééTPI'é&éFﬁ)é’ a@nﬁ kg upon the
power required to achieve the appropriate central an eri pheral thickness

for efficignt_ handling. .16 SUBSTITUTE SHEET. (RULE26) .. 6 DEC 2003 Optic
por t1 on 2820eqR BN Wi ARISRY SRIIPSEN AT oS RO PR SrRe) ar &
reduction zone 56 of approximately 0.25 to 2.00 nm but nore preferably

appr oxi matteay tiose desaibedahoved ane eppliedteeyd 40.0.5 mmin wi dth adj acent
outer peripheral edge 30 for reducing glare when outer peripheral edge 30

of 1OL 26 is S_tThéZﬁe@Mili‘g! EHdrabRrigfit 09 iRRJNapiE bREndtSB2 bOITL, 96 a8t Ot her
times when pupil 58 is dilated. G are reduction zone 56 is typically

fabricate fons : Il (Y 1] , e aque,
col ored o%eggpbggr?@gqlgﬁggaﬁlgkgéﬁ@?gﬁﬁlthﬁé‘ﬁﬁ@é;a%sé%ot@%iﬁ%?pg%ﬁf IOI ?ght I n
plane with optical axis OA-OA, Subject |COL 26 may be npl ded or preferably
manuf act urlstigted in Eiguses du8i hh aadstd andomost partiqulany isxFighes &8 18-
described in U S. Patent Nos. 5,217,491 and 5, 326,506 each incorporated

herei n i n 28 hasfdapeet lyagtic elements 82 foimed wittsangledparothedest) bdvdd 26 i s t hen
be machined fromthe material discs in a conventional manner. Once machi ned

or ol ded)neitle £8nfraY p8itions'4s chﬁﬂtﬁﬁlf}?hﬁéﬁ%drgﬁgsg}gﬂ%ﬁéﬁgﬁd by a

conventional nmet hod nhown to th se skll_ 26 is
used 1 eyehd il 5 6ot Plrifelal 8455 3 bt BSioh2s. The angled,

arched or bowed flexible central portions 44 are essential in imparting the
necessary flexibility to the iIOLs 6f the present invention. As best illustréted
in Figures 3, 10, 12 and 14, flexible central portions 44 have a dimension in
plane 46-46, generally parallel to opticél axis OA-OA, equal to or greater

" than the same in plane 48-48 generally perpendicular to optical axis OA-OA
as depicted in Figure 2. Transition portions 50, of significantly decreasing
size in dimen;ion in plane 46-46 extend from flexible central portions 44 to
broadened contact plate 38. Contact plate 38 is rélatively flat with either
rounded edges 52 as depicted in Figure 7 to provide a smoother fit with

inner surfaces 40, 42 or 43, or more defined, sharper edges 54 as depicted

11
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inserting 1OL 26 in either anterior chanber 6 or posterior chanber 8 and
*closing the incision. Alternatively, 0L 26 may be used in eye 10 by
creating an incision in cornea 12 and capsule 7, renoving npgui@ 2008ns 16,
inserting 1CL 26 in capsule 7 and closing the incision. 17 SUBSTI TUTE SHEET
( RULE26) 1 6 DEC 2(~3 1OL 26 of the present invention provides for a
refracti vein Eigure & togirorideca bagrien to. preyast eelivtarmigration aad geewty updranber 8,
but nost preferably for use in anterior chanber 6 of eye 10. | OL 26 has

| ooped hapimgiapitafidnindless dﬁPFsblefT.emHéi feldtiveR tAIrR6F B4t coritast plart 38 ni m ze
axi al di splacement al ong optical axis OA-OA'of eye 10 thereby preventing

cndot her | uAles bR s PREA B Rl B R PR SRR A ROREE. e

herein, is also comercially desirabl e because one or a few tens sizes
sui tably f bowegbeross sectiopes iusteatediy Rigwes & thepugh ns suitable for use as
a "universal" lens, such as that of the present invention) clinical risks

to patients due THe sulbjeePiOL 2695 préferatly erariiisctired o Reve aBwpticc i ni cal
ri sks mnimzed include pupil ovalization, corneal endothelium danage and

poor fixat i Qne LI ' : tLur, CN y Sizes
Fofit oyebCliongi G riRal £ 8B EhTnm Bt eefuBbRf ol s TR0

i nventory costs associated therewi th. Qphthal nol ogi sts al so benefit from
t he subj ecf.9 armaNd mosh areferahly iSsS samda digmeter an aﬁnmax'm?éelwé%§5m
determ ne each patient's eye size and costs associated w th maintaining

| ar ge i nvemd dr.0 esmobut/preferaplys approXimatety 0.6/40 0.8 rmhreard most ipoefierabiy
descri bed herein certain specific enbodiments of the present invention, it

il De M.y @i hdnicRAgEs ?fgr%i?ﬂgids?gppé B, ' gdpRid WagticowiBriehs Bpcal i ons may

be nmade wi thout departing pirit an pe of the underlying
6 DEC 2003 SHENE S0TH 14 AR APHIELPE Of 1O 48 M GRIPTalbighnaes oeetdl i bed
except. insofar as indicated by the scope of the appended cl ai ns: -
configuration and will increase or decrease in overall length depending upon
the size of lens desired and the diameter of optic portion 28. As the
'diameter of optic portion 28 increases, the overall length of looped haptic
elements 32 may be decreased. Likewise, as the diameter of optic portion
28 decreases, the overall length of looped haptic elements 32 may be
i.ncreased. However, as customary, the overall length of the looped haptic
elements 32 are varied to achieve desired IOL 26 sizes rather than varying
the sizes of optic portions 28. In general, looped haptic elements 32 are
formed to be approximately 2.6 to 6.0 mm, but preferably approximately 3.4
to 5.0 mm and most preferably approximately 4.2 mm in length measuring

from a point of equal distance between common attachment portions 33 on

peripheral edge 30, to the center of contact plate 38. ‘Looped haptic

12
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19 SUBSTI TUTE SHEET ( RULE26) 1 6 DEC 2003 W claim 1. An intraocul ar
“lens to be inplanted within an eye generally perpendicular to the eye's
optical axis conprising: an outer. peripheral edge defining1éh05§tz
portion) and two) three or four |ooped haptic el enents pernmanently
connected to the outer peripheral edge, whereby a conpressive force

sufficient gt ' i r ' ' results
T 1 eas o el 32378 rp{priety K hel e Aleler AR RIAERLNE al Pohfloerlon: ¢
portion alon? theg;ye's,ootical axis. 2. An intrgpcular | ens to be

i npl ant ed &% tiuptrated i Rigyeeelal | 1 1@NDES R alivwradigl dptleeiRn Yndgf i cal axi s
conprising: an outer peripheral edge defining an optic portion, and two,
three or feompteyshesiforess. Foebparsuses qf¢hepneseritynventioe tiesigenetdfly out er

peri pheral edge, whereby a conpressive force sufficient to effect a 1.0 mm
i n di amet efou?\%%r@rgc?\}é?%h%gg%"lg%ﬂyé‘cf‘ﬁaﬁt‘?éél'e verit32 ¢e° tbﬁ%a@rﬁ’ﬁ&%‘ mately 0.5
mm of axi al” di spl acenment sald optrc portion al'ondg e eye s optical

axis. Zo SUBSTI TUTE, SHEET (RULE26), . 1 6 DEC.2003 3. An.infraogcular, lens to
be i npl ant%féﬁm-tfﬁla’fw&ﬁoéb@«'ﬂghbtoaﬂ“ﬁknﬁﬁ BRI e fg? Q%Petchéar)f ?EOQP&q cal

axi s conprising: an outer peripheral edge defining an optic portion) and
two) t hr eehaptid elemént3Rds kiescribee herainiscritivaito ashieyesuitablet fadction he
outer peripheral edge) whereby a conpressive force sufficient to effect a

appr oxi mat Ige 5ol R POREH 84 of lapRUDAUTE SIoTEN! 12 s BppRafmalEly 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 thickness in
plane 46-46 and approXimater 0.2 to 0.7 mm, but preferably approximately
0.3 to 0.6 and most preferably approximately 0.43 mm in width in plane 48-
48. Transition portions 50 are approximately'0.4 to 1.1 mm, but pfeferably
approximately 0.5 to 1.0 mm and most preferably approximately 0.8 mm in
length. Contact piate 38 is approximately 0.8 to 2.5 mm, but préferaﬁly '
approximately 1.0 to 2.2 mm and most preferably approximately 1.8 mm in
length, approximately 0.05 to 0.5 mm, but preferably approximately 0.1 to
0.4 mm and most preferably approximately 0.3 mm in thickness and
approximately 0.6 to 1l.5 mm, but preferably approximately 0.8 to 1.2 mm
and most preferably approximately 1.0 mm in width.

As provided through the dimensiohs of IOL 26 above, looped haptic

elements 32 gradually change from being relatively thin in plane 46-46 at

13

SUBSTITUTE SHEET (RULE 26)



along the eye's'optical axis. 4. The intraocular lens of claim1, 2 or 3
“wherein the | ooped haptic elenents and the optic portion are both fornmed of
a foldable or conpressible material. 5. The intraocular |ens of ptcagmy 1, 2
or 3 wherein said fens is formed froma material selected fromthe group
consisting of silicone polyners, hydrocarbon and fl uorocarbon pol yners,

hydrogel s, soft acrylic. po s, polyest pQl ) des ol.yur et hane,

si i cone pOWF‘%{I’%UCQﬁy‘PW%WOA%ﬁP?IPQ fﬁ@ﬁ&ﬁ@%l‘fh.ﬁﬁ%&“&b‘% trﬁ’%r&%ﬁ‘ﬁ gérﬂ

pol ysi | oxane el astoners and conbi nati ons thereof. 21 SUBSTI TUTE SHEET
(RULE26) dplic paaich-28 pwithiflexibhe cenicall portiben 44 qrefdrabiy edhilditing &3 wher ei n
said lens is formed froma hydrogel materjal. 7. The intraocul ar |ens of

claiml, 2 efic Mﬁfégi]s'ibﬁﬁitSlahégs-éritﬁé?{ﬂ%oﬂm\nﬁdthwﬁrp?ﬂ%481_3483.ria' whi ch

is 18 percent by weight water. e Intraocular tens of claiml1, 2 or 3

'ene of ol aipopedsapticAgRiantt 12 oRfhe MECY G5t 19 dafiect TRBSEF v ng

a refractive index above 1.33. 10. The intraocular lens of claim1, 2 or 3
wher ei n sai @Proximityiwith euterdaripheralredger30 whengsa eempressian forse is exertedul ar
lens of claim1, 2 or 3 wherein said lens is forned froma silicone

material. l4gaiist coRtdcQstatesr3d Witk nfihintal aixial HisplaGemenv@iehg! dptieal exisooped
haptic el ements are dinensioned to be equal to or less in a plane 22 -

opt 1 cal ol DN VG 3Pk 26 sl ae g reEREMRpK s S sRIEy BeBl, ol ot <.

13. The intraocular lens of claim1, 2 or 3 wherein a glare reduction zone
i s formed adpffaeiive exreetionistrevidedi pheral edge of

The desired flexibility charactefistic of looped haptic elements 32 of
IOL 26 may likewise be achieved or enhanced by incorporating a stiffening
element 60, in the shape of a ribbon, in one or more looped haptic elements

32, as illustrated in Figure 8. Stiffening element 60 may be positioned in

looped haptic element 32 so that flat face 62 is oriented parallel to the
dimension 46-46. Stiffening element 60 functiohs in a manner similar to that
of an |-beam in construction to prevent axial displacement along optical axis
OA-OA when compressive force is applied to contact p!ates 38.

Stiffening element 60 is formed of a less flexible material than that of
IOL 26. Suitable materials for stiffening element 60 include but are not
limited to polyimides, polyolefins, high-density polyethylenes, polyesters,
nylons, metals or any biocompatible material with suitable stiffening
characteristics. Stiffening element 60 may be used in conjunction with

looped haptic elements 32 described above or in cases where a thinner

14
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the optic portion. 14. The intraocular lens of claim1l) 2 or 3 wherein one
or nore of said | ooped haptic elenents includes a stiffening el enent having
a greater resistance to bending in a plane generally parall 16 DBEC 200%kye' s
optical axis than in a plane generally perpendicular to the eye's optical

axis. 15. JThe. itk ul ar. | ‘ ; 1:m,: (o) 0.1 he haptic

el enment in %'&ed;gsré&gfsl ‘#?aséﬁ%dﬁgﬁ'é%%%&'%“ﬁe@’efé%ﬁ(e%’ﬁ%‘Wm sel ected from
t he group consi sting of polyimde, polyolefin, high density' polyester)

nyl on and ¢haragteris¥cs.A net hod of manufacturing the intraocul ar |ens of
claiml, 2 or 3 conprising: formng a disk of a suitable material) and

machi ni ng sai d $giteblé neatetialsdodttrkprodtictoBSF tA&/Eubfedt DL (BUntAf@e bufl 6 DEC
2003 17. A nmethod of manufacturing the intraocular lens of claiml1l, 2 or 3

O ! Aol B S0P Loe il Fallihs dlen Zside o i

A@. A a"9zZFO' T I W d _

| vvr@nhc"% céﬁ'i%&%@&?@%reaﬂ‘ aapdiiaragaripRRumess.dydragelraseitacidica) caj cal ¢
aJca]ca]calcalcalca]calcalcajcalUcal! 1uLAC m

Oweg?%} xs npelyaiers, Jiatygsteisc pblyajnidés, glatprethang csiffcoriecpdlymiers Wit ca] ca] ca] ca

] ca] ca] ca] ca] ca] ca] ca] ca] caljca]cajcajcal Mw9d # t

o PR AT AL
ca] cal oo cAbbiElbRs tasiect Ehe BrsteRbahatil reaheropksty pf IBL A 62 TR
,,.--W-.S...4//1/11ll|wmhc”Y]ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca]ca]ca]ca]ca]c
a] ca] ca] cathegireapotinvanticr s bydioge| madeafronl 2-sydoeyyeshy! moeiractyiateD222( 3933
3H444 :

al cal cal ca) Cal Al Cay Ca] caf Lo o] cal CapCal col cal cal Chl ot Boteon yog, el ¢
V) xon o PPt Sl ERARLHHE A i o prsfermed materiel forthen) ca caj ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! YBBBBCCI CCC8 DWDDEUEEE2Fx FF
manufacture of IOL 26 dueto its equilibrium water content of approximately

- 18 percent by weight, and high refractiv_e index of app_roxfmately 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 feature in the production of IOLs to impart
high optical power with a minimum of optic thickness. By using a material
with a high refractive index, visual acuity deficiencies may be corrected
using a thinner IOL. A thin IOL, such as that of IQL 26_. is_ particularly

_' desirable in phakic applications to minimize potentially harmful contact
between IOL 26 .and iris .14 and corneal endothelium 4. Poly(HEMA-co-
HOHEXMA) fs also a desirable material in the production of IOLs 26 due to

its mechanical strength, which is suitable to withstand considerable physical
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GRGGGLH HHI PI Sl pl | 11J]J3}xsnid_Z]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
" ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cal]IJIIHKKK, Lt LLMTMW
, N\VvNNN2 Ot OOO09PPPQeQQOR RRR} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] cg %c%a] calc
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! SS&TATTTBU
UUVV5VDVWVWV, WIVWAKT XXX&Yr YYZUZZZZ[ {[}xsnid_Z]]ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]l
ca] ca] ca] ca] ca] ca] ca] cg@ca caj ca] ca! cal ca] ca] ca]ca]ca]ca]ca]ca]calcal {[[\W
Z\W\\ ] G ]]mampgation. Roly Azee- } ’lsnihaiszigsirabteninempary] ca] ca] cal ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ¢

a! b( csccdSdgesferges shifthpledas ibh\Yeeh AOL s inzinuksdtdredTtom4d inaddial] ca] ca] ca] ca]

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

 Cal caj cal captyest BB TR B AR SR A R BAVRNAA By Oy 2Ly O

]calcalcalcalgqgrdrrrrrrrrslsssstStttt+uNuuuv>v~vvvvvOoOwQy wr mhc”Y] ca] caj ca) c
a] ca] ca] ca] HQCQE?(M):W\‘@M ed Mgre [Q!@Fc@?@&?b'ﬁ]ﬂfh?&]@ﬁ]&fethﬁna] cal ca] c$a
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Although the teachings of the present invention are preferably applied
to soft or foldable IOLs formed of a foldable or compressible material, the
same may also be applied to harder, Iesé flexible lenses formed of a
relatively rigid material such as polymethylmethacrylate (PMMA) having
flexible haptics formed either of the same or a different material.

Optic portion 28 of lOL 26 can be a positive powered lens from0to
approximately +40 diopters or a negative powered lens from 0 to
approximately —30 diopters. Optic portion 28 may be biconvex, plano-
convex, plano-concave, biconcave or concave-convex (meniscus),

depending upon the power required to achieve the appropriate central and

peripheral thickness for efficient handling.
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adjacent outer peripheral edge 30 for reducing glare when outer peripheral

F

edge 30 of IOL 26 is struck by light entering eye10 during high light or at
other times when pupil 58 is dilated. Glare reduction zone 56 is typically
fabricated of the same material as o;;tic portion 28, but may be opaque,
colored or patterned in a conventional manner to block or diffuse light in
plane with optical axis OA-OA. | ‘

Subject IOL 26 may be molded or preferably manufactured by first
producing discs from a material 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 discs are produced, IOL 26 is then be machined from the
material discs in a conventional manner. Once machined or molded, IOL 26
may be polished, cleaned, sterilized and packaged by a conventional
method known to those skilled in the art.

Subject IOL 26 is used in eye 10 by creating an incision in cornea 12,
inserting IOL 26 in either anterior chamber 6 or posterior chamber 8 and
closing the incision. Alternatively, |IOL 26 may be used in eye 10 by creating
an incision in comea 12 and capsule 7, removing natural lens 16, inserting

I0OL 26 in capsule 7 and closing the incision.
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OA-OA of eye 10 thereby preventing decentration of |OL 26, distortion of
vision and damage to corneal endothelium 4. |OL 26, having the flexibility
characteristics described herein, is also commercially desirable because one
or a few lens sizes suitably fit eyes 10 of most sizes. By providing a lens
suitable for use as a “universal” lens, such as that of the present invention,
clinical risks to patients due to improperly sizéd lenses are minimized. Such
clinical risks minimized include pupil ovalization, corneai endothelium
damage and poor fixation. Likewise, manufacturers’ need to produce IOLs
of many sizes to fit eyes of many sizes is eliminated, thﬁs reducing
production and inventory costs associated therewith. Ophthalmologists also
benefit from the subject IOL 26 in that time is saved by eliminating the need
to determine each patient's eye size and costs associated with maintaining
large inventorieé of varying sized lenses.

While there is shown and described herein certain specific
embodiments of the present invention, it will be manifest to those skilled in
the art that various modifications may be made without depar’tiﬁg from the

spirit and scope of the underlying inventive concept and that the same is not
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diameter compression of said lens results in less than

approximately 1.0 mm of axial displacement of said optic portion

along the eye's optical axis.

2. " An intraocular lens to be implanted within an eye generally
perpendicular to the eye'’s optical axis compriéing:
an outer peripheral edge defining an optic portion, and
two, three or four looped 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 less than
approximately 0.5 mm of axial displacement of said optic portion

along the eye's optical axis.
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109% & ()-3" 19% & () -pn irkfblcfidr lénsft&%oé(iﬁ"\p@ﬁted within an eye generally
perpendicular to the eye’s optical axis cé)mprising:

an outer peripheral edge defining an optic portion, and
two, three or four looped haptic elements permanently
connected to the outer peripheral edge,

whereby a compressive force sufficient to effect a 1.0 mmin

‘diameter compression of said lens results in fess than

approximately 0.3 mm of axial displacement of said optic portion

along the eye's optical axis.

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

foldable or compressible material.

5. The intraocular 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.
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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 or 3 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 intraocular lens of claim 1, 2 or 3 wherein said looped

haptic elements are dimensioned to be equal to or less in a plane
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13. The intraocular lens of claim 1, 2 or 3 wherein a glare

reduction zone is formed adjacent to the outer peripheral edge of

the optic portion.

14, The intraocular lens of claim 1, 2 or' 3 Wherein one or more
of said looped haptic elements includes a stiffening element
having a greater resistance to bending in a plane generally
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,
2 or 3 comprising:
forming a disk of a suitable material, and

machining said lens from said disk.
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