; e33?p29?m44546L7868T'29LXB'V\D 00/ 66042 | NTRAOCULAR LENSES FI ELD OF THE
~ LNVENTI ON PCT/ US00/ 07767 The present invention relates to int Z%OCU| ar
| enses (1 OLs) and a nethod for making and using the sane. Mor 0CT 203

parti cul any gokepaz present invention relates to | COLs desi gnedP@f,iUgrwdﬁé? for
refractive correction in aphakic eyes. 10O.s nmade in accordance V\nt(1 the

present invention are used in aphakic eyes to replace a surgically renoved
di seased natural lens, such as in the case of cataracts. BACKGROUND OF THE
| NVENTION 1 OL i npl ants have been used for years in aphakic eyes as

repl acements for diseased natur dNTRAQGULARLENSES that have been
surgically renoved fromthe eyes. Many different |1 OL designs have been
devel oped over past years and proven successful for use in aphakic eyes.
The successful [ OL designs to date primarily include an optic portion with
supports therefor, called haptics, connected to and surroundi ng at | east

part of the i i tic portions of an 1OL are designed to
support the %ﬁ"r@%m%ﬂqgékﬁﬁéﬂﬁm in the | ens capsule, anterior chanber
or posterior chanmber of an eye. 2 3 OCT 203 WO 001 66042 PCT/ US00/ 07767

Commerci al | y succébefRieseaiisventian mistestdistrapoutaa lanses ¢tQLsjfartd aconpat i bl e
materials, ranging fromnore rigid materials such as pol ynet hyl net hacryl ate

(PMVA) to sahetiiod formakingdrd esingitheiste caiakd patitulelyNthd Slededt O
conpressed such as silicones, certain acrylics, and hydiogels. Haptic

portions of ; : . h i c.portion and
| at er connec'["ggnétI e?%l?o 0?%%#5%@@%@}2@3@@&&&%@?@@@% Cﬁ'ﬁ%@ﬁ%\*@ﬁ’%'%g
and/ or chem cal bagndi ng., Haptics, have al so been forned as an integral part
of the opti ce)tﬁﬁ'tlggﬁ F’%qmﬁtachr%'iﬁﬁ)\‘ﬂt{]' themsesent inverdion-areruged ipi ece”

| OLs. Softer, nore flexible IOLs have gained in popularity in nore recent
years due t aphakic epés o rgplace besurgivailg yeathveti aisteabedrredtlied |ars, gUbREe se
def ornmed. Such softer 10OLs nay be deformed prior to insertion thereof

t hrough an ijR¢hs ca8e iof chfsraer nea of an eye. Follow ng insertion of the | QL
in an eye, the 10OL returns to its original pre-defornmed shape due to the

menory

BACKGROUND OF THE INVENTION

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

of an eye.
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characteristics of the soft material. Softer, nore flexible IOLs as just
descri bed may be inplanted into an eye through an incision that is much
smaller, i.e., 2.8 to 3.2 m) than that necessary for nore rd gi0gT 2003,
i.e., 4.8b0oose0d2mm A larger incision is necessary for noreTuSioth7idls
because the |l ens nust be inserted through an incision in the cornea .
slightly larger t A j i t..G i on.
Accordi ngly, nor e&?ﬁgﬁ%ﬁf@?@ggéﬁg&%ﬁ%h?g&s?3%%%?% ﬁllorr]ﬁ’ E h\}e"’ﬁ }@?bgt si nce

| ar ger incisi,ons haye, been found to 2 3 OCT .2(~3 WO 001 66042

b 37 Us00! 0 PIGeomR S BlerDRIRE R INGTrOAPRIHAId THERHEIR LGN SBost oper at | ve
conplications, such as induced astigmatism After |OL inplantation, both
sof ter and molgmethyicheti@arylatee(RMMA)D safterompresflexible materisls €apabledoon t he
outer edges thereof, which typically occur when an i ndividual squints or

rubs the ey%eiigwaefe%moﬁgﬁbyged 80IEF s BAIoNBS Wdrtdin ARl éﬁair%re%%l&gg

| OL and distortTon of the Visual imge. Conpressive forces exerted
IOL also fe t.0 cauyse t I o tilt haye axi al, di spl acenent of the
QL al ong ¢ el RPN gt e FOCs hyk beasvraRy SePataleW IS BRPRe opti cal
axis of an eye has the potential to cause the IOL to contact and damage
del i cat e eyepartier and latarsonnecied theretarthemghduotessses suah aehebbrphysics
either softer or nore rigid materials, tend to deflect along 'the optical

axi s of an eitgkingemd/drechEmpicabordiagC HaptretrVe dI€d-beBAYOAREH '28an Provi de a
wi de range of | sizes to nore precisely fit 10O.s to each particular

i mze. t nd OTARArEPPYESA: Bortlfidn SRR fomidryetBRetTodh YidEDL | Ca

axi s of an eye. Because of the noted shortcom ngs of current | QL designs,
there is a mURRE IS OLs designed to minimize tilt or axial displacenent of
the 10OL optic portion along the optical axis of the eye when conpressive
forces are exert Bbftaramuse flekibleol@ks hadg gaindddnguipuldity lie ssenei regent | OL' s
novenent al ong the optical axis of an eye, nore certain refractive

correction i : t .l-,-,iJ e i reduced. 3
. ~Z 3 CCT @éi@eﬁ%ﬁ%ggﬂ'ﬁ%&%ﬁ%o 07%%67Cﬁ E%WR@@% E IW“K/EGMI ON An

i ntraocul ar ns de I pyaccor ith the present invention has an
opt1 o por (1 SETatee-aneTRCRet R AEHIRE BRI E PSR BERERE of enen <
for supporting the optic portion in a patient's eye. The subject IOl is

bal anced halfieygbran Insisieniintheicarnes afanteyes riralioving inkertian of the 1@k inpt i ¢
and the other | ooped haptic elenment fornmed on an opposed edge of the optic.

Each of t he ahasyesdhéiOLiretuehsteits srighal pré-defoimedrsreapie dige ko the aAemdomo
radial orientation portions, two spring portions and a |inking portion

connecti ng. Lol ifdne Lok raibrial NSoRER M ERARL 10D hA fuspn Of each

| ooped haptic elenent I's connecte 0 e duter perl pheral ge of the
optic portion. Each | ooped hapti ¢. Ienenté§or a |arqge fenestration to
enhance capS§FEPed Mgy lg‘?]"Bﬂ@BE%‘:'Pﬁ? AN&YE é‘?”?ﬁ%n fﬂ?ﬂ%@ﬂ thabigimueh erent s'
spring portions and |inking portions are designed to engage an inner

surface of am@ler,dre., 2.8dp8.2 Banhthavihad neapssary édramora rigidolQles) ieoh8ct i ng
portion is designed to

to 6.0 mm. A larger incision is necessary for more rigid IOLs because the
lens must be inserted through an incision in the cornea slightly larger than the

diameter of the inflexible IOL optic portion. Accordingly, more rigid IOLs have

become less popular in the market since larger incisions have been found to



achj eve optimal optic stability by avoiding tilt and axial displacenent.
Wthin these'broad connecting portions, each | ooped haptic el %% iiﬂp%
designed to bend in a plane generally perpendicular to the opta Ta of
an eye meob@ssoshan in a plane generally parallel to the oppigpkidiveg of an
eye. By providing | ooped haptic elenents with this type of flexibility

char act eri Yd ssddisted RS Hn i sy ji L W thin an
eye. The flexibility 4 9 ed SRt hel e K pERO IR SRR lcatiohs!
characteristig of. the subject |ooped haptic elenents relative to the optic
portion el is‘c'ﬁﬁcﬁaﬁse'é’db’ﬁﬁaagﬁ'ggﬁt@mi Iting or axial displacement of the optic
portion along the optical axis when conpressive forces are exerted agai nst
the | ooped hapt iAfte IéHeimoplaptatiors bath sofierandmoge yigid {OLs ase sabjeetto of the
present invention to provide intraocular |enses for use in aphakic eyes.

present i n ! ul ar. ruse
not her o mmpr@éswberoﬁ&eess%rtéd%ﬁ&hfe%tér%&g%sﬁh%d?evviesmhfvﬁpcﬂéhggcIEPSGS

for use in aphakic eyes with flexibility characteristi . Xrm ze

stability . pect of the present invention s to provide

i ntraocul a%"ﬁ%@%”ﬁg@"%ﬁéqﬁﬁh%éﬁé%%% & eﬁ'f?ﬁ?s@nc?ﬁ‘ﬁf?ﬁsi‘ée %CFP?S Bl@Yaxi al

di spl acenment of the optic portions of the |l enses along the optical axis of
the .eyes. Festihigrdeagriatiost ot the ISl enddisteriontaf she visuabirpage. de i nt raocul ar
| enses for use in aphakic eyes, which mnimze damge to tissues in the

interior oCdnpresgive fofitéd bxarned ber awtdEalsotbntihe causs thé ldnivetiign is to
provi de intraocul ar | enses) which are resistant to decentration wthin the

Come of i 2 A RpIBRL ALt S 01 IR A LR <t BB EE o o1

sonme of which are sp roe not, will

becone appgrent fromthe detailed description, drawi ngs and clains that
fol l ow, wh H‘f?f?tlé{i‘n %&?h@i}%ﬂ%ﬁ@ aBlca axiseef asnyeys kas Mgrpptandial® 2 3 o-CT

2003 WD 001 66042 PCT/ US00/ 07767 BRI EF DESCRI PTI ON OF THE DRAW NGS FI GURE 1
i s a scheneause theplQls émcantant anid damagetdelicate ayke tisshespileydOLsadfudi ng a
natural lens; FIGURE 2 is a plan view of an |OL with an optic and two

| ooped hapgiiged Gs@ighs, WREterToRAEAC1RMAST MWHidt or More IR7I8 HhateR4RMdrRY:

to deflect along the optical axis of an eye when the haptics are compressed.
IOL manufacturers provide a wide range of I0OL sizes to more precisely fit
I0Ls to each particular patient’s eye size. Providing a wide range of IOL
sizes is an attempt to minimize the potential for axial displacement of the IOL
along the optical axis of an eye. |

Because of the noted shortcomings of current IOL designs, there is a
need for |I0Ls designed to minimize tilt or axial displacement of the IOL optic
portion along the optical axis of the eye when compressive forces are exerted
against the outer edges thereof. By lessening an IOL's movement along the |
optical axis of an eye, more certain refractive correction may be achieved andl

the risk of tissue damage may be reduced.



FIGURE 3 is a side view of the IOL of Figure 2; FIGURE 4 is a side view of
the 1O of Frgure'2 with sharper peripheral edges on a posterpgrgspnjgce of
the optic; FIGURE 5 is a-side view of the 1OL of Figure 2 wit sln"larper
edges on weeow6sed2l ooped haptic elenments; FIGURE 6 is a si dePUTAIF0YP77H6he | OL
of Figure 2 with rounder edges on the two | ooped haptic elenents; and
FIGURE 7 is a side view of a | ooped haptic elenment of Figure 2 taken al ong
line 7-7 with a stiffening el ement therein. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON Fi ' { Rl i fied diagram of an eye 10 show ng

| andmar k strgwgi*gisﬁ méwmeaﬁrrpl antation of an intraocul ar |ens of
the present invention.. Eye 10 includes an optically c|ear cornea 12 and an
iris 14. A natur aPndpirapayier lans (GQL) madgda agcpedancs with fhe presaitted behi nd
the iris 14 of eye 10. Eye 10 also includes anterior chanber 20 | ocated in

front of irimvéationthasest epiiopordioanwith ad dutecpdrighdral edgs anditvolldoped
natural lens 16. IO.s of 6 2 3 0 CT 2003 WO 00/ 66042 PCT/ US00/ 07767 t he

DreSent | MVeRLA0oR RS SOESIBIOH RSB RpO I, BRI PARE
been S92 LNeEERLES, (aRnakle apell oA on) Bre 20l po el udee an

optical center 26 of anterior surface 28 and posterior surface 30 of |ens
16. Optical edgs obtheddptinanddéhé othar legredibaplic glementifoymed opeaioppbaedt o a
portion of cornea 12) natural lens 16 and retina 18. The 1OL of the present

invention, asd§esfthd bphs.'Eddrof thefbapdERapti®BRnents hastebiddd e6nmacting

reference nuneral 32. 1CL 32 is designed for inplantation preferably in

| ens capsul e r | OF o] i ’ i 10. 1L
32 has an op?%@ioﬁop'?é)g%&éhgfﬁ'ﬁﬂﬁgﬁﬁéﬁﬁéﬁ'%’%@?gﬁ'&é gﬂhéo}gsgg@@% 'hk@/ir ably
integrally fornmed on peripheral edge 36 of optic portion 34 are two gpposed
| ooped hapt i RORPEMRSMNSCHR] the bye BRUNG ORI althe BIARELEIMEGIBSRUHOBE®T t wo
radi al- orientation portions 42, two spring portions 44 and a |inking
portion 46. éachibopedrivapticelement iscconnétted o theedternpesipherat edgelof ther med
with and permanently connected to outer peripheral edge 36 of optic portion

34. A ternat@@4&{%%%»%0#9&@@6%é@gp@g%?shﬁ@mﬁa Rfg&tnddiratiohashed to

optic portio y sta hem ymeri zation or other methods known

to those skilled in the art. .ln accor it -t h o ton, each
| ooped hapti%nréqr@r?e?ﬁ‘ps\%a"iftéxa&'ggiod'}?g?f’v@ﬂﬁ%?‘e&%gmﬂlggﬁégg'gb}nﬁrégﬁgm aces 48
in lens capsule 24 or surfaces 50 in posterior chanber 22. Looped haptic

el enents 38 springrportipng andflinkingopodioss gue desianeddo/entage afe NGR&Yrase: hat
when 1OL 32 is inplanted in a patient's eye 10 and held in place through
conpr essi ve éfu patiestiecey@d by i nner surfaces 48 or 50, |ooped

Each looped haptic element’s broad connecting portion is designed to
achieve optimal optic stability by avoiding tilt and axial displacement. Within
these broad connecting portions, each looped haptic element is designed to
bend in a plane generally perpendicular to the optical axis of an eye rather
than in a plane generally parallel to the optical axis of an eye. By providing
looped haptic elements with this type of flexibility characteristic, the present

IOL tends to have maximized stability within an eye. The flexibility



haptic el ements 38 flex to accormodate the particul ar size of eye 10.
Looped haptic el ehents 38 are designed to be resistent to flfgicqz‘grozﬁg
tilting in a plane generally parallel to that of optical axis - f eye

10. By d%’%}mf‘% this type of flexibility characteristic iprendegpezhaptic
el enent s , 32 may be manufactured in one or a few standard sizes and

be a suitable fit faqr t sizes, of ients eyes 10.. The flexibility
char act er i sFﬁ@r%te\'@@p‘gﬁﬁﬁz?ﬂtbﬂ@%é‘?m%p%elgpl%ﬁﬁirﬁ%ﬁﬁv?go Qe Qptic

di spl acenent of optic portion 34 in a direction along optical axis OA-OA of
eye 10. Bropdriimelininates poaccaptabladiling posyietdisaiadementafdheomie at t ach
the | ooped haptic elenments 38 to optic portion 34 of IOL 32. The broad

connecti ng pefidrPaRngthaioptidasads dhenccdmphisen@ fofcédafearertéd aigditst and to
m nimze axial displacenent or tilting of ICOL 32. Broad connecting portions

40 |i kew se v .S i ching of eye 10 structures such as
the rhexis ggé&9%%&'?%%@@3%%8%8?@52@%nnemi ng portion 40 preferably
measures to equal 15 to 35 percent of the circunference of the optic
portion 34. Radi AccerdiaglyaitiHan gbiact & thepresent byesdiondptrrevisieerent s 38
have interior surfaces 54 and exterior surfaces 56. Interior surfaces 54

and ext eri ointeydudardensds far iskdn mptiakictéyesn outward curve to increase the
stability of 10OL 32 when inplanted in eye 10. Quter ends 58 of radial

orientation porti f I, QU ¢ : \/Ha f#é ﬁsté%t of
radi al orientati @2‘%3%%%‘? ‘ﬁﬁ“gﬁ%%%‘;%gw&éﬁgﬁébg% g%'%)lg?[é

her eof . THIoTaiRe BAPHERELevS BT SPXBIRE caradoiRlss yHbiGh BaBETES SARIY s
possible to mnimze the IOL's 32 contact with the | ens capsule's 24
equat ori al thereohati on zone 60 thereby decreasing cellular growh and
posterior capsular opacification of 10 32. The wdth of outer ends 58 is

al so designed t oAptisaraltjédt SfiRe prédint divdritntib its lprevige Mtraccuae idnsrti C
el enents 38 to allow for "flexing of spring portions 44 in a plane

per pendi cul ar. to .Qpt | [S = OA:of i r4: i 4 e an
interior sufq‘ré@% 'éfﬁg%glca esX'E@r?tf h(?ﬁ"@h' %@gjogfx ﬁggrl%ag%@%b ?gﬁ%hdé49f are

desi gned to absorb conpressive forces exerted by the eye 10 and nmintain
| OL al i gnmepertignsiafihe lansesaleng &@aptltyﬁﬁ&'ﬁf Pt8¥3%s 44 when conpressed
upon absorption of conpressive forces deformwhereby interior surfaces 62
may abut outer eAdstisf.obféctof thépresemaedeniiodds te pfévide éntraacuiar lessese

forces, each spring portion 44 may deflect outwardly in a direction away
fromits adg ts ' f i id id i war d
opt i ¢ por 1 oh B R R o e B e
tilting in | ane parallel to the optical axix OA QA of eye 10. Linking
portions 46 et t adj acent spring portions 44 to forma | ooped haptic

el ement 38. Linking portions 46 are slightly bowed at == |
Stiﬁ 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.



preferably | ess than 20 de'grees but nore preferably at |ess than 10 degrees
but greater than 1 degree outwardly away from optic portion ﬁ.o.cyp% one or
9 WO 001 66042 2 3 O CT 2003 PCTI US0O0/ 07767 nore spring portlons bei ng

defl ected outwardly in a direction away fromits adjacent | ion 44
and dom%‘?ﬁwgﬁﬁ a direction of optic portion 34 when pl ai@#’ﬁ%’&@%é
conpressive f t he LNKi rtions 46 is reduced. At a

m dpoi nt |n8ﬁcfé§fﬁésﬁ%lﬂ%¢$§0b§@% ﬁgﬁﬁgg\g” ns 66 forned in | ooped haptic
elements 38 to allow for and ensure proper contact with a plunger portion

of an I QL insert EIGURIdSS meschemaiic representatipniofttheiimteristuof abemaniepad 62,
and interior surfaces 70 of linking portion 46 enhances fixation of 10OL 32

within | ensimﬁ%% ﬁéltufﬂiIQR?t eri or chanber 22. Conpressive forces of

di ffering nmagnitudes w n t'he range of approximately 2 to 8 niN exerted
agai nst | ooped h I enments 38 effecting appr oxi ely 2.0 i, N
overal | length cg%bﬁbdﬁ agplancyevy of 3§Jg-ﬂ- ‘é@“ﬁ(ﬁ&t&%ﬁﬁhﬂlﬁhﬁ% Eﬁ’% eye
sizes or conpressive forces by the eye 10) results in | ess than

appr oxi mat eelemerts madéin ancordapceivéthatiieyplesest irvamtiappr oxi mat el y 0. 5mm and
nost preferably |less than approximately 0.3 nm axi al displacenment or

tilting of opti CFIQURB i$4 siHeNkweF tHer|lOR¥F Figdre@ i n an eye 10. Under
| i ke conpressive forces, 1O.s known in the art Ttesult in approximtely 2.0

cye. whi ch nhy dEREpRedt A Rt R, B PRUCFwRR Shafheribrsfel of 5

achi eves significantly m nimzed axial displacenent or tilting 10 2 3 CCT
20p3 WO 00! edgapopamp@sierior sarfacs obiie epirti on 34 to protect the eye 10
from damage when conpressive forces are applied to eye 10. The flexibility

characteristic oFiGURERSH ihamite vieveobtiesiA8obFidute Britashdgsariédyes arbove is
achi eved t hrough the uni que design thereof. The exterior surface 72 of

| i nki ng porgJ . e, surface 64 of spring portions 44 may be
f or med Wthﬂgﬁ%ﬁ?oﬁ%ﬁﬂﬁﬂglcggﬁgﬁ% depicted in Figure 6 for a snoother fit

Wi th inner surfa 50, .0r, nore. defined_. sharper edges 76, depicted in
Figure 5 to provﬁﬁuéﬁo&'? A&ide yiew 85%'%??6!%9 ﬂ#’é{?"g?&e:{rﬁﬂj%cﬁﬂ h.
Anot her feature which may be incorporated into the subject lens is a
the two looped haptic elements; and
FIGURE 7 is a side view of a looped haptic element of Figure 2 taken

along line 7-7 with a stiffening element therein.

DETAILED DESCRIPTION OF THE INVENTION

Figure 1 illustrates a simplified diagram of an eye 10 showing landmark
structures relevant to the implantation of an intraocular lens of the present
invention. Eye 10 includes an optically clear cornea 12 and an iris 14. A
natural crystalline lens 16 and é retina 18 are located behind the iris 14 of eye
10, Eye 10 also includes anterior chamber 20 located in front of iris 14 and

posterior chamber 22 located between iris 14 and natural lens 16. 10Ls of



shar per peripheral edge 36 on posterior surface 35 of optic portion 34 as

. depicted in Figure 4 to provide a barrier to prevent cellular mgration and
growth. The subject 10L 32 is preferably produced having am ®gjcrc @?rti on
34 approximately 4.5 to 9.0 mm but preferably approximtely 5.0 go 6.5 mMm
and nost woabgs@kl y 5.5 mMmin diameter and approxi matel y 0. BCTSO@O7Z60 nm
but preferably approximately 0.6 to 0.8 nm and nost preferably 0.7 nmin

t hi ckness a %ﬁaﬁ' i ' i pagrpase or
decr-ease i nttlaggr% 'Qgﬁtﬁﬂ&'ﬁgﬁ“gR&#ﬁﬁgé@aﬁ%@%ﬂﬁe@g%@ﬁ? ?c&gorti on 34
so that the overall .|length.of | 32. 1, I NS neral | SIS t. As the
di aneter of ?f@rpﬁ?ﬁmgﬁf gg to ﬁ%@%ﬁ@?%@ aotgg?%ﬁqd 'I‘%tHg%quQﬁ Hgg@ﬁe%e%pti c
el enents 38 decrease. Likew se, as the dianeter of optic portion 34
decreases, tshiegically semoveddaphakiclappiisation)t EyeclGoalsadnclades anopdissl 1n 11
WO 00/ 66042 2 3 OCT 2003 PCTNSO0/ 07767 general, |ooped haptic el enents 38

are formed i HatTeERl haifaidinetHat Pabséda through BebpticatRphistiomt el y
9.0 to 12.0 mm and nost preferably approxinmately 10.5 mmin overall |ength.

Such overall .l ength i ; i i i . of one
hal f of br oé’é a@&%ﬁ%%t?rﬁﬁgépgb%%g’rﬁﬁﬁaﬂ%ﬁﬁﬁéﬁgﬁgﬁﬁﬁCeﬁ{“@?‘ %ﬁg?j&'ped
haptic element 38 to a point in the center of the other half of the same
broad conne@Aiythehuman ape 19Hs gangrallopernsegicyiardp | rortipa el soeness 12,
measuring the distance between the outer tips 80 of spring portions 44 is

appr oxi mat elrpatdrabidrs 96 @Gndmetinat18r ef erabl y approxi mately 5.0 to 6.5 nm and
nost preferably 5.5 mm Looped haptic el enents 38 have the sane thickness

t houghout their esipr Isf@% [ g T r 9| il it g t
preferably appr oxmr}gtlgl'y 0. %Pgeg.ﬁg'ﬂr\r,%ngﬁﬁ' %E%Fﬁ%éftgﬁgabll@F%ﬁ%%ar%{)% y

0.55 Spri Qr ti 44 i i f 8t
exteri or sart BEEBRIAY TeTrianne Honerd iz Gy a2 b ArekhRIE ey 5 m
but preferably approximately 0.6 to 1.2 nm and nost preferabl

! apl y .
appr oxi mat elpyeferablyrin leascapsdeiZhoappsierioschamher 22 odealigntsaphakia y 1.6
to 4.5 mm but preferably approximately 2.0 to 4.0 nmm and nost preferably

appr oxi mat elgye3t® TOL 82 heRUMopRapBHicIy34 Mith dheuter pefiphefal ledgeds.
connecting portion 40 to the center of outer end 58. The desired

R e T T e e
Fgure 7. SoPPRSARIQoBraeRl SRA BB Bedi PRUNBA Biaop cgppgetng bofio” ' "

40, two radial orientation portions 42, two spring portions 44 and a linking

portion 46. Broad connecting portions 40 are preferably integrally formed

with and permanently connected to outer peripheral edge 36 of optic portion

34. Alternatively however, looped haptic elements 38 may be attached to

‘optic portion 34 by staking, chemical polymerization or other methods known

to those skilled in the art.

In accordance with the present invention, each looped haptic element

38 is designed to preferably engage inner surfaces 48 in lens capsule 24 or

surfaces 50 in posterior chamber 22. Looped haptic elements 38 are



12 . 2 3 OCT 2003 WO 00/ 66042 PCT/ US00/ 07767 haptic el enents 38 to function
in a manner simlar to that of an I-beamin construction to pR2evept 09 al

" di splacenent or tilting along optical axis OA-OA when conpressive force is
appl i ed t VP8HPE2 haptic el ements 38. Stiffening el ements 8FCESWPQYIEd of
a less flexible material than that of 10OL 32. Suitable materials for
stiffening edesignes skPthatevhemelQluB2ds implantedi inia patient’ speyey l iasekheld in

pol yol ef i ns, hi gh-density pol yet hyl enes, polyesters, nylons, nmetals or any

bi oconpat i bl ﬁgé}%})@"rqs h ebhripréstiveiRirees bkbftenbpdnididiaonsi48 bF80, Bbbbbieni ng

el enments 82 d 1n'conjunction wth | doped haptic el enents as
descri bed above,or. in cas where a thinner,|ooped haptic desi is desired
White stil | DeRieeisBefestad R aefrtmoRAl the oRTPuRt Biaecof €8 4, {abi o
materials for the production of the subject 10 32 include but are not
limted to fbbdpbtdapticadementss3®pee dasignedite besasistent teiflexingnengbitinger s,
hydr ocar bon and fl uorocarbon pol yners, hydrogels, soft acrylic polyners,

pol yesters, ﬁpé%{ﬁéﬂé’géne@l&)ﬁ#rﬁ!élwﬂnatﬁ‘df!dpﬁ@éﬂ%@@ONIGNow'ayé 1oy dBpphi li c

nmononmer units, fluorine-containing polysiloxane el astoners and conbi nati ons

t hereof. The erdal «f | I resent
i nvention i sdggﬁbmdog@? %dgfféf 6&1‘1@%@%@%@%@@@@8@ Egéﬁﬁ@@ghﬁéﬁi?gand
6- hydr oxyhexyl nethacrylate (HOHEXMA), i.e., pol y(HEMA: co XMA) .,

Pol y ( HENA- cochm@mny hesman@fq&t@ﬁérm@@emsequtar@ar@ ﬁ@eﬁgg%@ﬁtetqwe Yol
32 due to its equilibriumwater content of approximtely 18 percent by

wei ght, and fif for mestrsieds ubpatients’ eyesaiihr Dhe flexiblijy ¢haradtensticaf IaGped 2 3
OCT 2003 WO 001 66042 PCT/ US00107767 is greater than that of the aqueous
hunor of the | e IR dINGrhBRES difticPpstehrBbirea
feature in tﬂgxg? glcﬁﬁ?'i"tgn]sagés?éz@hta%eiargr{')ﬂ?{gﬂhi(geh opt1 ca‘lﬁlcg%v\er wth a

m ni mum of ogtic.thickness. S/ terial with a high refractive

i ndex, vi suaa'rﬁetllﬁrf 9%@&?@ICEE%¥'§Z¢$E%B/&8§%¥8r1IOeCt ed using a thinner |OL.

Pol y( HEMA- co- HOHEXMA) is also a desirable material in the production of

| OLs 32 due to it Broadeannectingperiens 40 afieened Baplis elements 38pttach they
consi der abl e physi cal mani pul ati on. Pol y( HEMA- co- HOHEXMA) al so. has

desirabl e nmejgypedHAHRY dleftonts!B8aboptit portidn 34168101 B2s Trenbfead ured from a
mat eri al possessi ng good nmenory properties such as those of

| y( HEMA- co; [ I i th
Gl osivel y, cog it polfefi Aol dleeiidta e RARGInki2a3 ey SRR, "
desirabl e due t tential d de] | ' ithin t
Poly ( HEVR: CoMRA RN SRR e i bins ot 1L 491 Frog FATREENS BOMARSHR gn

the teachings of the present invention are preferably applied to soft or
f ol dabl e | OLbkéwiseguievéntthe shagping arcatehipg of eye|1€ staicivies sughas e may
al so be applied to harder, less flexible lenses forned of a relatively

rigid materi ﬂ-lc?xﬁ%i? oRSoftit JATEERh BrbA@ ebhh@dting(Fiibh 40apreferablyermcakares

haptics forned either of the sane or a different material. Optic portion 34

of 1OL 32 capn be PYRY r 0 i +40
di opters or %%téajﬁﬁﬁfé %%\R&%g’%zﬂge {:f@}n%r%@ea%%@g%m @Bh%ly di opters.
Qptic portion 34 nay be biconvex, plang convex | ano- concaye,. bi concave or
concave- convex ( nRadial esientaliopepertiags 42 of legpasbh 9‘321%""&% have
pcTl ~soal 0o~~6~

interior surfaces 54 and exterior surfaces 56. Interior surfaces 54 and exterior

surfaces 56 are formed with an outward curve to increase the stability of IOL
32 when implanted in eye 10. Outer ends 58 of radial orientation portions 42

are of a significantly smaller width than that of radial orientation portions 42 at



upon the power required to achi eve the appropriate central and peri pheral
~thickness for efficient handling. Optic portion 34 of the subject IO 32
may optionally be formed with a glare reduction zone 84 of ag @grnRge! v
0.25to0 O t nore preferably approximately 0.3 to O. ' st
pr ef er abl ;‘/J(gg(gmr?%i n w dth adjacent outer peripheral edge 32Cm5%?e6’§2i ng
gl are when outer, peri pheral gedge of, |QL 32 is _struck i ght. entering
eyelO duri ngbrlﬂathQ'? mgmo&@or&ﬁ@ O frinygyz sydace aga fhergp '2{-@@. dare
reduction zone 84 is typically fabricated of the same material as optic
portion 34, mufaceaaraaeo&paquendswos dasigneddotber aedmiall as possilelettoonal
manner to bl ock or diffuse light in plane with optical axis OA-OA. Subject

QL 32 is pregf frﬁi&mm&%@d&n%ttwltﬁfHele.nﬁrc‘é%%ie@Z@ieSﬁ%tJrg ma material
Uus P 5,217,491 and 5,3

of choice as dgscrlbed in US Patent Nos. , , 506 each

i ncorporated hereip in_ it tirety by reference. | 32.may, then be

mehi hed 1 r atiigatien 2onéBoiRetebit dectéadifo dRilER rowin At POSRT rachi ned,

| OL 32 may be polished, cleaned, sterilized and packaged by a conventi onal

met hod knowrcapsularaspaaificatioodfilQLt3% Thetwidduof euterienidsHB issalag edsigned/e 10
by creating an incision in cornea 12, inserting 10OL 32 in posterior chanber

22 and cl osiththd Smallsethaindtfat &f thertAtkness vf IdoPedFaptyelbmentedsits vy 10 by
creating an incision in cornea 12 and | ens capsul e 24, renoving natural

l ens 16) in ' I (" G ' L.0G] SIAORA 15
Wo 00/ 66042 T8F @é% O%Bﬁaﬂéh”llﬁgﬁ%"'%ﬂg%ﬁ'ﬁgéﬁﬁﬁ‘d&@%%s‘%ﬁr@ ARl R e
provides for a refractive lens suitable for use in I ens capsule 24 or
posteri or cifye1®2. | oL 32 has | ooped haptic elements 38 with flexibility
characteristics that mnimze axial displacement or tilting along optical
axi s OA-OA of eyeSpfing portiving 44 leanenén igeriecsunface 62 mnadfan Ektedidr sdrfaterti on
of vision and danmage to delicate tissues within eye 10. ICOL 32, having the

flexibility eﬁ)%éﬁé@bﬁﬁdﬁ@@ﬁ%&%??ﬁe@% 8bBoibScithpRes3fAr OGS BXSIES BRYS e

one or a few len es suita eyes 10 of nobst sizes. By providing a

"universal" Jens sych as t.hat the present.inventiaon ipgical risks to
patients duéh?(?yﬁni# 6’5@”?}"&"}@}‘ Pﬁﬂ@?ﬁg\”@}‘m |ﬁP§j°§8§P"eg%%hg8PPﬂi. cal risks
m ni m zed include pupil ovalization, corneal endothelium damage and poor
fixation. Lipestipra44whar eemprassed upssehserplioigteompressive faifgs sefarant o
fit eyes of many sizes is elimnated, thus reducing production and

inventory codierebydmteriot surfadesy 6vimidy. atiitutert emd§8s Aisal whemelafed from
subject IOL 32 inthat tine is saved by elimnating the need to determ ne

each pat i et sePuriidift RMhraosle 19RBECAPEMd BofRIA i eddnde

i nventories or varying si enses. ere I's shown
herein certain specific,enpodi nents of, th resent inventign, jt will be
nani f est towmggﬁ%m ?ﬂé’&gﬁﬁ)ﬂ ?W@YJquﬂtﬁﬁd?ngﬁﬂ?éagnﬂ[Rﬂ ?'?:égi may be nmade
wi thout departing fromthe spirit and scope of the underlying inventive
concept anddomamwardly isandiréctiondowardioptid pogtiama4 paebiseth auch wraes Bedei n
shown and described except insofar as indicated by the scope of the
appended cl g8kt uddesirable31EXing 4P3ilfig in a plane parallel to the optical axix OA-

OA of eye 10.

Linking portions 46 connect adjacent spring portions 44 to form a
looped haptic element 38. Linking portions 46 are slightly bowed at
preferably less than 20 degrees but more preferably at less than 10 degrees

but greater than 1 degree outwardly away from optic portion 34. Upon one or



CLAIMS 1. An intraocular I'ens to be inplanted within an eye generally

_ perpendicular to the eye's optical axis conprising: an outer peripheral
edge defining an optic portion, and two or nore bal anced IOOé)gchI}a 'éc

el enment s B@@&g&gtly connected to the outer peripheral 'edgeP %r@ A

conpr essi SPE& sufficient to effect a 1.0 mmin di amet er *eOMPY fon of

said lens results |n less th proxjmately 1.0 nm of axial 10 .

di spl acenent™gfe ERAiNG BB&P@S&@{] Pg&g Megﬁé“’@f@%'%ﬁﬂ“@&m@?wy from dls

intraocular lens to be inplanted within an eye generally perpendicular to

the eye's omdjacsntspringquortion ddrand dowoweazdlyiea dinection efigsticipdritionrdst an

optic portion, and is two or nore bal anced | ooped haptic el enents

per manent | y Goa nﬂjl’b ; Fdae SHAS ﬁp{g@ ioRsYH RN essi ve

force sufficient Slt%gggf%@(ﬁrrég I. Ogﬂ\%e?g*%%éﬁr@%r corypre ngréw@fg sald | ens

results in | eas %tgﬂan approximately 0.5 nm of axial displacenent of said

opti-c portitfﬁ ue g the eye's optical axis. 20 3. An intraocular lens to be

implanted within an eye general |y perpendicular to the eye's optical axis

conprising: an outer midpaiphiarlinking porttbetsi 46 are deprassiang66 forored snd two or

nore bal anced | ooped haptic el enents pernmanently connected to 2s the outer

peri pheral ¢sisfod Masticaentertts B8 ©salione fdraimrensiirel propet chatet vtataa 1.0 mMm
in diameter conpression of said lens results in |ess than approximtely 0.3

mm of axi al di.spl " s ic portion along the eye's optical
axis. 30 4. pﬂ@%%@?@m%& I@Er@sg@éél aim1l1l, 2 or 3 wherein the | ooped
haptic el enents and the optic portion are both formed of a fol dabl e or
conpr essi bl e nmat engstration PRdefinaddey: intarion Bitacss 84 angh 62, andjptesiofher ei n
said lens is formed froma material selected fromthe group consisting of
si |l i cone pokuyrfeces 70pdiinkiagiportiand6 efhandesTixatiod dfdCl 8 mdthiy lems pol yner s,
hydrogel s, soft acrylic polyners, polyester, polyam des, polyurethane,

silicone pobgag;;gg@éﬂbéygﬁ&pméﬂngemgpner units, fluorine containing
pol ysi | oxane ‘el astomers and conbi nations thereof. s 6. The intraocul ar |ens

of claim1l, 2 or i N i R fr QM r | terial. 7.
The intraocul ar Pgﬁ\?ﬂg?g'ﬁfﬁﬁfﬁe%A@ﬁ?*@&ﬁ@iﬁ%%%ﬁﬁg rgrgﬁq BEBWEd froma
hydrogel material which is 18 percent by weight water. 10 8. The

i nt r aocul ar appigxiraately diteBimibexerted gaainst lpopsdohaplic elesnents ddeffecting

pol y( HEMA- co- HOHEXMA) or PEMA. 9. The intraocular lens of claiml1, 2 or 3
wher ei n sai dnlapproximataly 20 nimdmoxerall lemgth cainphassiog of |Okf32asuch@asi ndex

above 1. 33.
that caused by differing eye sizes or compressive forces by the eye 10,
résults 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 or tilting of optic portion 34 along optical axis OA-OA in an
eye 10. Under like compressive forces, IOLs known in the art result in
approximately 2.0 mm axial displacement of the optic portion along the optical

axis in the eye, which may damage delicate tissues therein. The unique

. design of IOL 32 achieves significantly minimized axial displacement or tilting

10



10.. The i ntraocul ar | ens of claiml, 2 or 3 wherein said lens is forned
~ froman acrytic material. 20 11. The intraocular lens of claiml1, 2 or 3
wherein said lens is formed froma silicone material. 12. Thé3d ﬁCTaﬂmﬂul ar

| ens of olyaighlsdos22 Or 3 wherein said | ooped haptic el enent spatRseigBEsi oned
to have a greater thickness in a plane generally perpendlcurar to the 2s

eye's optic r rallel to the eye'.s optical
axis. 13. T? o%ﬁlkﬁa&gﬁtgﬁgwﬁog?@ %ﬂ?g%}&%@ﬁénﬁ @aﬁﬁéwé‘?mc%mgf%?séver eduction
zone is forned adjacent, to the outer peripheral edge of the optic portion.
30 14. The ifaRcesATBIapPliedts eyfe tPaim 1, 2 or 3 wherein said | ooped haptic
el ements include a stiffening el enent haV| ng a greater resistance to

bending in a pl affhefexibiity harickeristic dfdogpedhapiic efmeRts WbﬁldLhS? a‘sn a
pl ane general ly perpendicular to the eye's optical axis. 19

15. The int 0, hapt

el enent i nc g'gb%g sk’spéé‘ﬁ%ﬁéle&l ?&éh‘%&%h %Wﬁ%fﬁe% %ﬁ@f?@pe@lﬁ 8‘2‘?@8% rom
t he group cons i pol yol ef i n, high-density pol yester,

nyl on and rrﬁygﬁ j%g ‘(’ﬁ m&ﬂaéﬁﬂtﬂ”b‘m RRAUha @xtRiorpsuTTacs 64 phapsinaportions of
claiml, 2 or 3 conprising: formng a disk of a suitable material, and
machi ni ng sd#dnayibe forraedswithl eithekrounded edges 74 depicted in Figure 6 for a
.A5.As.A. A f.A yL. Asy9. AL. A, . ALL. AA% Ah_. A{ & . Ah. A399. A399. A. _. Ahy. A". Ar06

Ebl E. 9: smoother fit with inner surfaces 48 or 50, or mo ede ined, sharpe
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I5lzit i h" ##ﬁéa?% % hekd ¥dgead 6 ahl pasth ier] uatas 3@]0@@]:@@%@&]0@864:3&061] caj ca]
caj ca

cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! * $$SFIBEAA

O *TAZX / caJ ca] ca
L9000 it ooy 6 B Al e a1
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ca]ca'}777848 888&9r 99: L:
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B>BI BVBBB2 Gy RR EE BRI & 6GRRLIR F ale B9 k6 Ak adly 8. 6 8 63 i aAlica) cal

ca] ca] ca] ca] ca] ca] ca]’ca] cal] ca] caU] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! HYHHHH

e e e 0 SV s )
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f OF f @gg- hithivkbess gt pefipheial @dpe38.al.oaped haplic alerapnis] 3Rincedase] ora] ca] ca) ca

calcal ca caf AT ea] D (e Lap e Cade AT LEpe fiaphyeriag eperarigien) oo

& 10%<& 0%<& 10% f #10%<& 0%& () - - 10%: Ot 10%
& ()- O?fblf%( that R % lepg gdﬁ@ﬁ-@ 'Wé@lf%@é’]ergﬂﬂ%%!g tﬁ%ow& ()-@

10%<&' () - QLO%& () - E 9:i K-1"710%& () -: 4F10%& ])_ 2 100k& ()-
diameter of optic portion 34 increases, the overall length of looped haptic

elements 38 decrease. Likewise, as the diameter of optic portion 34

decreases, the overall length of looped haptic elements 38 increase. In
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"0 10%<& ()- . 10%& ()-+ 10%& ()-) @0%& ()-
 <=>?f dEl " 710%<& SF10%&' ()- @S109%& () -
1 s3" 109 ()-10<10<10<%10%<& ()-ss: 10%<& () - @[ dEJEl " 710%<& @300 0003

S 1 S ) ( )S igLilg%fog/«)& ( )S ® V 1o0e % ) - fogl/&l?)/&sloty& CTUSO6%: () -
fg(l;gE?)E | YZigg%&%gé é%gg%d aptlg eiergegf%p%afe %rme@ to be approximately 8.5 to
bCl " 710%<F" 10% 0& () - F10% 0& () - $10% 0& (3 - go 10 108 : : 109&' () - 3- 10%535 ()-
m  CdEbd " 713%mm, qm%re&rew:ﬁppmme o 12d0smms:any-mostaueserably ) - F
10% 2& ()-L10% 0& () - GP7adEbC " 710%5: 10% 0&' ()- 3 10% o0& ()- Y1@
10% o0& ()- appidradtely 10.5 fm @VooérdlDlength: SUHodvdral length is obtained
measuring from a point in the cener of one half of broad connecting portion
40 around through the center of looped haptic element 38 to a point in the
center of the other half of the same broad connecting portion 40. The width
of looped haptic elements 38 measuring the distance between the outer tips
80 of spring portions 44 is approximately 4.5 to 9.0 mm, but preferably
approximately 5.0 to 6.5 mm and most preferably 5.5 mm. Looped haptic
elements 38 have the same thickness thoughout their entire length which is
approximately 0.2 to 0.9 mm, but preferably approximately 0.3 to 0.7 mm and
most preferably approximately 0.55 mm. Spring portions 44 measuring the
distance from outer end 58 to exterior surface 64 at linking portion 46 are |
approximately 0.4 to 1.5 mm, but preferably approximately 0.6 to 1.2 mm and
most preferably approximately 0.8 mm. Radial orientation portigns 42 are
approximately 1.6 to 4.5 mm, but preferably approximately 2.0 to 4.0 mm and
most preferably approximately 3.0 mm in length measuring from the center of
broad connecting portion 40 to the center of outer end 58.
The desired flexibility characteristic of looped haptic elements 38 of
IOL 32 may likewise be achieved or enhanced by incorporating a stifféning

element 82, in the shape of a ribbon, in looped haptic elements 38, as

illustrated in Figure 7. Stiffening elements 82 may be positioned in looped

12
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. 10'0 1070 10"0l :110% 0& ()-5~] dE~_@" 710%@10%u& () -y 10%Ug £} -3
10% u& ()-y 10% u& ()-y 10% u& ()-y ' 10% u& ()- 4yFH JdE: / 1830 3
10- us3: 10¢pg/dordehazS. 10% u&' () - Sy, 10% u& ()- f9*f 10% u& ()- pCrybode1r&s () -
f9d0% u& ()- JKXdsTxY:/ 10-u, @O%& ()-, 10%& ()- ,:10%& ()-

siooa () 10PIS e%}%&%%&& I Rt i i Pn.
109’ (Q-Z__ L )gtgultéuooé%yégt axigh ngg(:y Eo&ty%igg%égéo %& égl_axjfg ABA s

109& ()-s3"109%& ()- @y10%& ()- 10 10 10& 10%&' ()--G< ¢ dEbC 10- u109%& ()
y10%&' ()- &@VRE&M dompressive force is applied to looped haptic elements 38.

Stiffening elements 82 are formed of a less flexible material than that
of IOL 32. Suitable materials for stiffening elements 82 include but are not
limited to polyimides, polyolefins, high-density polyethylenes, polyesters,
nylons, metals or any biocompatible material with suitable stiffening
characteristics. Stiffening elements 82 may be used in conjunction with
looped haptic elements 38 as described above or in cases where a thinner
looped haptic design is desired while still achieving the desired flexibility
characteristics.

Suitable materials for the production of the subject IOL 32 include but
are not limited to foldable or compressible materials, such as silicone
polymers, hydrocarbon and fluorocarbon polymers, hydrogels, soft acrylic
polymers, polyesters, polyamides, polyurethane, silicone polymers with
hydropﬁiliq monomer uhits, fluorine-containing polysiloxane elastomers and
combinations thereof. The preferred material for the production of IOL 32 of
the present invention is a hydrogel made from 2-hydroxyethyl methacrylate
(HEMA) and 6-hydroxyhéxy| methacrylate (HOHEXMA), 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 content of approximately

18 percent by weight, and high refractive index of approximately 1.474, which
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1 g10% ()-10%& (): y10%& ()-9 109%& ()- 10%& ()-!!"h"#####dYNC 10-u 10 10
10& 109%&' ()-f/! 10%& ()--Z109%& ()- *:109%& ()- (109& ()- ####$ BSHEYNGQY0- U

L YL0%T& ()- #, 1090& () - S109%& ()-"L1

%2%&&@0%@4 &I, |()_100/J&' ()- f,10%& ()- @O%WE& ()-@ 10%@3&8@7767
1095 (- @t 1oatesies tahal otine $40esus hameatof fhe syosbeat:33.- et -+ dEvnC
10-u  S10%& ()- S 10%& ()- 10%& ()- #10%& ()- 10%& ()-9$, 10%<& () -
*4+~++, n, , dEYDfFadiiraindeR i & desirapledfeatine) in the production of I0Ls 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. Poly(HEMA-co-HOHEXMA) is also a desirable material in the
production of IOLs 32 due to its mechanical strength, which is suitable to
withstand considerable physical manipulation. Poly(HEMA-co-HOHEXMA)
also has desirable memory properties suitable for IOL use. |OLs
manufactured from a material possessing good memory properties such as
those of poly(HEMA-co-HOHEXMA) unfold in a controlled manner in an eye,
rather than explosively, to its predetermined shape. Explosive unfolding of
10Ls is undesirable due to potential damage to delicate tissues within the eye.
Poly(HEMA-co-HOHEXMA) also has dimensional stability in the eye.
Although the teachings of the present invention are preferably applied
to soft or foldable |0Ls 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 polymethylmethacrylate (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 0 to
approximately —30 diopters. Optic portion 34 may be biconvex, plano-

convex, plano-concave, biconcave or concave-convex (meniscus), depending
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glare reduction zone 84 of approximately 0.25 to 0.75 mm but more
preferably approximately 0.3 to 0.6 mm and most preferably 0.5 mm in width
adjacent outer peripheral edge 36 for reducing glare when outer peripheral
edge 36 of IOL 32 is struck by light entering eye10 during high light or at
other times when pupil 86 is dilated. Glare reduction zone 84 is typically
fabricated of the same material as optic portion 34, but may be obaque,
colored or patterned in a conventional manner to block or diffuse light in plane
with optical axis OA-OA.

Subject IOL 32 is 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. 10L 32 may
then be machined from the material discs in é conventional manner. Once |
machined, I0L 32 may be polished, cleaned, sterilized and packaged by a
conventional method known to those skilled in the art.

Subject IOL 32 is used in eye 10 by creating an incision in cornea 12,
inserting 10OL 32 in posterior chamber 22 and closing the incision.
Alternatively, IOL 32 may be used in eye 10 by creating an incision in cornea

12 and lens capsule 24, removing natural lens 186, inserting IOL 32 in lens

capsule 24 and closing the incision.
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IOL 32, distortion of vision and damage to delicate tissues within eye 10. 10L

32, having the flexibility characteristics described herein is also advantageous

because one or a few lens sizes suitably fit eyes 10 of most sizes. By

providing a “universal” lens such as that of the present invention, clinical risks

to patients due to improperly sized lenses are minimized. Such clinical risks

minimized include pupil ovalization, corneal endothelium damage and poor

fixation. Likewise, manufacturers’ need to produce IOLs of many sizes to fit

eyes of many sizes is eliminated, thus reducing production and inventory

costs associated therewith. Ophthalmologists also benefit from subject IOL

32 in that time is saved by eliminating the need to determine each patient's |

eye size and costs associated with maintain_ing large inventories 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 departing from the spirit

and scope of the underlying inventive concept and that the same is not limited

to the particular forms herein shown and described except insofar as

indicated by the scope of the appended claims.
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f &109%&' (5) - &3 @ BDURIté) peripheral edge defining an optic portion, and
two or more balanced 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 1.0 mm of axial
10 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 comprising:
an outer peripheral edge defining an optic portion, and
15 two or more balanced 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.
20
3. An intraocular lens 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 or more balanced looped haptic elements permanently connected to
25 the outer peripheral edge,
whereby a compressive force sufficient to effect a 1.0 mm in diameter
compression of said lens resuilts in less than approximately 0.3 mm of axial
displacement of said optic portion along the eye's optical axis.

30 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
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5 6. The intraocular lens of claim 1, 2 or 3 wherein said lens is formed from a
hydrogel material.

7. The intraocular lens of claim 1, 2 or 3 wherein said lens is formed from a
hydrogel material which is 18 percent by weight water.

10
8. The intraocular lens of claim 1, 2 or 3 wherein said lens is formed from
poly(HEMA-co-HOHEXMA) or PEMA.

9. The intraocular lens of claim 1, 2 or 3 wherein said lens is formed from a
15 material having a refractive index above 1.33.

10. The intraoc;.llar lens of claim 1, 2 or 3 wherein said lens is formed from an
acrylic material.

20 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 of 3 wherein said looped haptic elements are
dimensioned to have a greater thickness in a plane generally perpendicular to the
25 eye's optical axis than in a plane generally parallel to the eye's optical axis.

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.

30 14. The intraocular lens of claim 1, 2 or 3 wherein said looped haptic elements
include 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.



k?KkkdE_@ 10" "s10% & ()-3 10% & ()-Ff10% & ()- 10% & ()- 10% & ()-

. L10% & ()-kkl ZI | MUMdE_@ 10" 331F"10% & ()- - 10% & ()- @!10% & ()- 3*
"10% & ()- ' 10% & () - %&! 10% & () - 3UnmmmnnnnnxnbC 10" " 10%& ¢$-0CTL@0310° 10°

:10% & ()- 37Y"10% & ()-&6!10% & ()- 210% & ()- noNooop?paBmbC 10|

Y1092& ()-1 10%& ()- ni10%& ()- 10%& @}-, 10%& ()-'f10%z& ()- Normal"

Foadi ng 63PoTeEEskKictang of i, 2o hereiiiAG ISt TRARRED, °%1
Pgr ?g r app#wmﬁogtiﬁnig%ﬁlé’rﬁsw E’Eamwmlate‘rwl @)’?lb%t@dx_rgﬁgﬂbwswvw &m
a -g ! * 8: <<U~ ~ L TPUV?XY+|[ ~ abn

fg,iTj kUmBPRSigHNg Q_PQB@H% np]yraPSer@CBtghskg@fmly?si@m aRgymetal.

RomanAri al Courier New'h Root EntryWrdDocunent 29

" #B9R () *+,-./0123456789: ;

<=>7 @GABCBREAGHAEYARsIRBZbMAKNL[Ng] the intractailghliens lofctaimr & t2ond gofnprising:

forming a disk of a suitable material, and
machining said lens from said disk.



