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I"NTRAOCULAR LENSES FI ELD OF THE | NVENTI ON The present inven%ig]r& rﬁ]mat es to
i ntraocular lenses (10OLs) and a nethod for making and usin o8 More
parti cuma 006604the present invention relates to | OLs desi gﬁg{{mwf.ﬂ?ﬁaﬁ ly for
refractive correction in aphakic eyes. 10O.s nmade in accordance with the
present invention are used in aphakic eyes to replace a surgically renoved
di seased natural lens, such as in the case of cataracts. BAC%@H@W‘“M'H"IMFE
I NVENTI ON | OL i npl ants have -bee ' i aphakic e

repl acenents for diseased natur[g*%?‘?sétlgFﬁgE eSnE'rs’ses that ha

surgically renoved fromthe eyes. Many different | QL designs have'®éen
devel oped over past years and proven successful for use in aphakic

The successful |1 OL designs to date prinmarily include an opti Cmmmﬂlﬂﬁ‘ﬂmm‘

supports therefor, called haptics, connected to and surroundi

part of theFmD@pm}qE(mVE‘ﬁdempti c portions of an I COL are desi geewd2*t o
support the optic portion of the IOL in the |Iens capsule, anterior chanber

or posterior ch%%‘sgﬁpin%%cﬁ repg?éfﬁ@r%mlﬁTe%smEQéﬁd a

PCTI US00107698 y 'success ave been roma variety
of bioconpatible materials, ranging fromno rigid materials such as

pol ynet hyl meethed jommakinaAng L@H‘%gﬁ %@r,nem)&@r?ngﬂ‘%l%ﬁynﬁle%w%qeﬁcapabl e of
bei ng fol ded or conpressed such as silicones, certain acrylics, and
hydrogel s. Harintionpeldtes s |0Ls desigr@dcsprirmaciybies nefrastivecosmsdioatialaphakiem t he
optic portion and |l ater connected thereto through processes such as heat,

physi cal ! k001814 fiaaé e BLeslaahesdiitind Biisere fientorbro usedm | o Ted as

an integral "part o e optic portion in what is comonly referred to as

"single piece’! |Os. Softer. npre flexi I . i i rity
in nore recé‘ﬁhak@e’;ﬁ)éescsﬁﬁ’erelpé)%%ﬂisw%ﬁg@&f %}ﬁ%%é'%%ég‘r’ gnggﬁgg?lépgr gg@?bgol | ed
or otherw se deformed. Such softer 10OLs may be deforned prior to insertion
t her eof t hr autite caseé otcaiasactsn t he cornea of an eye. Follow ng insertion of
the IOL in an eye, the I1OL returns to its original pre-deformed shape due
to the nenory characteristics of the soft material. Softer, nore flexible

| OLs as just described may be inplanted into an eye through an incision

that is wc%ﬁg’ea@yh@@ésgﬁ@m%ﬁﬁom than that necessary for nore
1.¢e., . 0 O. m A

rigid | OLs) arger incision is necessary for nore
rigid | OLs because the | ens nmust be inserted thraou n.ncision in the
cornea slightly I'@l‘-g‘@?pl?Wéﬁ"@f?eéﬁ?%tlﬂé?a?o'bye?rﬁéniaﬁﬁ%%%}{eg éf%_ optic
portion. Accordingly, nore rigid IOLs have beconme |ess popular in t,h(?
mar ket si nceeplacgeents torsdisessedinaturakerystaling lemsgs that have been surgically
removed from the eyes. Many different IOL designs have been developed
over past years and proven successful for use in aphakic eyes. The
successful IOL 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 posterior chamber

of an eye.



2 3 OCT 20p3 WD 00/ 66041 PCT/ USO0/ 07698 be associated with an increased
i‘nci dence of postoperative conplications, such as induced astigmatism
After | OL inplantation, both softer and nore rigid | O.s are2guppe to
conpressive faorces exerted on the outer edges thereof, which typically
occur wh¥® 9%94di vi dual squints or rubs the eye. These co%T’Bg‘gq’Vg”f or ces
May result in decentration of the ICOL and distortion of the visual inmage.
Conpr essi ve for deemexesciadly ssiecassiidOLsl kayvea been madsafise a warietyref to tilt or
have axi al displacenment of the ICL along the optical axis of an eye.

Moverent  ofbigdbrhhtitibanaterizes, aphgiaglfrom nsorefrigd nemeriBdsucheagrot enti al to
cause the 10O to contact and danage delicate eye tissues. Also, |O.s of

current degj f fA\6l e rigid eri al s,
fond to dofebnet¥ Bt HecvBiT PP 588k 3ol e thieReRalein e i
conpressed. | OL manufacturers provide a wi de range of | OL sizes to nore
preci sel y being olded or eqetrrpased sushnns shicoeps, eertain asrylies, andbydiogs!s wi de
range of IOL sizes is an attenpt to mnimze the potential for axial

di spl acenemaptic gdrtiohlof the QLS hevebeendbrnaed separaaslydien tiigeptise of the
noted shortcom ngs of current 10OL designs, there is a need for |1QOLs

designed t 1 Q) I i i t I i i on
al ong the S8tk FhdTater confipcfét Rore BoBGRHRGLees litn 4 PR DhRRE)
agai nst the quter edges thereof. By |essening an | OL's _novepent along the
opti cal axﬁ%a?%'fg aﬁdZ‘%féEherfB'P@FQ%’?C{'%g-nWP%@?V?@'%P?%(Q'&P%‘}aﬂe achi eved
and the risk of tissue danage may be reduced. 3 2 3 OCT 2003 WO 001 66041
PCT/ US00/ Oit@egrabipaditheroptidep eriivic kirwoist isncammuoabcrefarred émas(“sibg)le-nade i n
accordance with the present invention has an optic portion with an outer
peri pher al pwe@(lg two | ooped haptic elenents for supporting the optic
portion in a patient's eye. The subject | OL is bal anced having one | ooped

hapti c el ement red . i . ed haptic
el enent forned f&ﬁ: "@’Eﬁﬁ@%ﬁ’?%@é&ﬁ?wﬁaﬁ’%t'ﬁfd@%ﬂgﬁ Wﬁé r%’g%@ed hapti c
el ements has two broad connecting portions, two radial orientation
portions, YeRrssgue fethrif abihstodbeicempreasedgfqided. roled onptaNMIE t he two
spring portions. The two broad connecting portions of each | ooped haptic

el ement ar defovmeelct 8dch gofte |0Ls mayis defoemald pritgdo dfsdrtien thpgreof por ti on.
Each | ooped haptic element forns a | arge fenestration to enhance capsul ar
fixation o L1 0 T ptg g‘?ﬁge?t i okt I ons
and |inki ngﬁgg t%ﬁn@cggr&éﬁﬁgtsqegﬁgé?gpgﬁfﬁé %ﬂlq%nlﬁ r Surt?rz(B:EtHﬁlda’L [l)'ilti ent's
eye. Each | ooped, haptjc gl enent's .broad cqonpecti ortiops,are designed to
achi eve op?f‘r%le' the f@'—g{aﬁ{{r\gﬁ? Is 8995\?§Pm'ﬁap°{m %?‘aneaé‘i’%i]o mes'ﬁ\e&%rﬁént .
Wthin these broad connecting portions, each |ooped haptic elenment is

desi gned t ehamasternistics C?fltaﬁéfgfefﬁéﬁeélﬁ'-ysﬁ@i"bém@ﬁecfiﬁ)@b'et'@l-ﬂ@JQQti cal axis of
an eye rather than in a plane generally parallel to the optical axis of an
eye. By prdeschitet henpbe implinted iteanrdye thrdugh Andndisipa that slmuctpi 1ity
characteristic, the present 10L tends to have maxi m zed stability within an

eye. The f mlk gy Jed
characteri éﬁ%‘:‘ggfl'%‘h%%stgbjg'gép%%aggﬁﬁg{:?%é%?gﬁﬁﬁg { lgﬁgﬁl'\%q't%g’ ‘tl'f?e optic
portion elin.nates ynacceptable tilting or. axial di cenent of the optic
portion al ifhmg mé"'ogst Féé%‘?'p'gflséor\/\ﬁé}?cgﬁ JQEF“\FEefr&@géE%E&C%%%‘? h—fﬂ agai nst
the | ooped haptic elenents of the I1CQL. . :

lens must be inserted through an incision in the cornea slightly larger than the

diameter of the infiexible IOL optic portion. Accordingly, more rigid |OLs have

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



Accordingly, it i's an‘obj ect of the present invention to provi de
intraocul ar' | enses for use in aphakic eyes. Another object of the present
invention is to provide intraocular |Ienses for use in aphaki2d eges20§ t h
flexibil]j racteristics which maxim ze stability ther . Anot her
obj ect W‘%ﬁ“@p‘ﬁr esent invention is to provide intraocul ar ?’%&ﬂésgg&‘sgf use in
aphaki c eyes, which mnimze tilt or axial displacenment of the optic
porti ons -oPe AR8OTiatRbWith aThipcreasespincidanceeiPastonaativy samphigations. obj ect.
of the present invention is to provide intraocular |enses for use in
aphaki ¢ eysisch adirducednastigmatismmege to tissues in the interior of the eyes.
Still another object of the present invention is to provide intraocular
| enses, which a i t J b i VLS. o 1 and
ot her objecti veéﬁga?%mgnminééggﬁ’?&f‘ hsreﬁgrr?ggn‘{‘ @n%ﬂgp %‘%,é\r%os#ejo %QNhi ch are
specifically described and others that are not, wl econe apparent from
The. dot af | ARSI Tares CxPHARLMARHET SASS Inteot SMTGRIGHBEIEUr | ke
features are designated by like nunerals. 5 2 3 0 CT 20p3 WO 00/ 66041
PCTNS00/ 0A8B&n BRI iB&iViRkBTRIqRT tSorCEDbT Hie BROWTHESe RoByiREsdive Joresahaymat i ¢
representation of the interior of a human eye including a natural Iens;
FI GURE 2 i psalltith BBcBhULGH ofthé (DL WnidHistorigh bethdndsidmzgeped haptic
el enents made in accordance with the present invention; FIFGURE 3 is a side
view of t A of Fiqure 2: FIGJRE 44, i view of the | QL. of Figure 2
W th ohar pepTRbeTsive o8 sectey Phap ot cr Be B q bElE v RBs SN R Ske
is a side viewof the |CL of Figure 2 with sharper edges on the two | ooped
haptic el diavg axiaitisplecesnent of thedOLaleno dhe prtical@xinef #n giee 2 with:
rounder edges on the two | ooped haptic elenents; and FIGURE 7 is a side
view of a MovemenbaphndOt] alvegtthefopticglaxs 2f bakee lrdothg poteatidr {6 With a
stiffening elenent therein. DETAILED DESCRI PTION OF THE | NVENTI ON Figure 1
||} ustr at e ReshBROL fohdortaBoaAd damat B¥foald ehRTINGS ! ANUTADK ST uct ur es
relevant to the inplantation of an intraocul ar "l ens of the present
invention. Eye 10 includes, an.opti l.y clear cornea 12 and an ifis, 14. A
nat ur al cr%%/eé]tI&%@q%ﬁ&égeﬁwﬁycfﬁ?'ﬁé?rﬁ%f ar F&PJﬁtfl%d ?Hﬁlst di ris' 14
of eye 10. Eye 10 al so includes anterior chanber 20 |ocated in front of
iris 14 arta deflectalong theonptical 22isl Fean eye vdandae haptiss a1e gampressedl | ens
16. 1COLs of

IOL manufacturers provide a wide range of |IOL sizes to more precisely fit

IOLs 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 1OL
along the optical axis of an eye.

Because of the noted shortcomings of current IOL designs, there is a
need for |OLs designed to minimize tilt or axial displacement of the IOL optic
portion along the optical axis of the eye when compressive forces are éxerted
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 and

the risk of tissue damage may be reduced.



6 WD 00/ 66041 2 3 OCT 2pp3 PCT/USO0/ 07698 the present invention are
-preferably inplanted into | ens capsule 24 or posterior cha r %2 to
refract light after a diseased natural |ens 16 has been sur (%fllmenoved
(aphaki sv@pgbéoapt i on). Eye 10 al so includes an optical ax'?g.rabs-o%\zgggat is
an imaginary line that passes through the optical center of anterior
surface 28 and posterior surface 30 of fens 16. Optical axis OA QA in the
human eye 10 is generally perpendicular to a portion of cornea 12, natural

Lens 16 and retina 18. The | Q. of the present invention, as best
i |l ustrat ed PHMMHRYQFTHRINYENEQNent i fi ed by reference numeral 32. 10U
32 is designed for inplantation preferably in |ens capsule 24 or posterior

chanber 22 of a paniiraMdeIambnkiém)Lgyﬁad@in é&oraanbé%viﬁﬂhg rr%gﬁﬁp”i on 34

wi th an outer peripheral edge 3 referably integrally 0

Ol enont s 3o, e s B deRCREBA WA biTh el H8HBRBRI Roncie e Flhmes

orientati oné_‘pﬁor.ti ns 42, two sprj n%portj ons 44 and a linking portion 46.
Broad conned@PYg eg%’f“?f‘ for s PRPEING tBe APAiEIRPTiion iya platientseyed Wheh and
permanent|ly connected to outer peripheral edge 36 of optic portion 34.

Al t er nat i velsubfenié@kbris batanwed Hevirig onelcupeit isaftt Sfeynhdie féinéd batbde optic

portion 34 by staking, chem cal polynerization or other methods known to

hose k11 SAGEIthE obtarkacaReianbe Hoblle LB EREREd B8 iae 2"

| ooped haptic el ement 38 1s desighe ces 48
in lens capsul or _surfaces . bh0 in terior chanber 22. Looped haptic

el ement s 383§9§ cﬁhe 2p c&ﬁ@é%%@%&%@@ﬁiei@wm%ﬁwbrﬁi gned so
that when |OL 32 is inplanted in a patient's eye 10 and held in place

t hrough confPBREFNg peitioas, tveradial asientatinn partiohacteo dpring pbftiorsoamed
haptic el ements 38 flex to accommodate the particular size of eye 10.

Looped hapt limking goetiérs cBnectingiteitaaashring RAti6RS) %@&Wot&oﬁb%ggﬁagﬁg
axl s - f eye

tilting in a plane generally parallel to that of optical : _
10 B, des, Bolscackipensl Hobix il SRAEAERL) B8 AAP pbARRER 1
char act er | o4g° 6T e paPRERYT EatbisbRed apte lmanhiomea logal
di spl acenent of optic portion 34 in a

fenestragon to enhance capsular fixation once within an eye. The looped

haptic elements’ spring portions and linking portions are designed to engage

an inner surface of a patient's eye.

Each looped haptic element's broad connecting portions are designed

to achieve gptimal optic stability by avoiding tiit and axial displacement.

Within these broéd 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 |OL tends to have maximized stability within an eye. The flexibility



dir'ection along optical axis OA-QOA of eye 10. Broad connecting portions 40
of | ooped haptic elenents 38 attach the | ooped haptic elenents 38 to optic
portion 34 of 10OL 32. The broad connecting portions 40 are degige o0 be

- br oad ‘;v i n%é gase. rigidity and to m nimze axial displacenment or ting
of 1 OVSPVEMIad connecting portions 40 |ikew se preventPGHESWAIERS ng or
catching of eye 10 structures such as the rhexis 52 on optic 34. Each broad
connect i ng gbafacierists ¢fitbe subinc) Iornes hayic eJempmis relative tethepeptient of t he
circunference of the optic portion 34. Radial orientation portions 42 of

| ooped hapt pertireskiminat@Suhasseptablertiiting stistiacsispéeAitht F s bpfic sur f aces
56. Interior surfaces 54 and exterior surfaces 56 are fornmed with an

Qut or ends B8 PRABAE BHE, SHFWHen cbritiresShs s itel SRorfll fdubiy ° ™

smaller width than that of radial_ orientation portions 42 at 8 WO

001 66041 2 Hedeppeddnticrlesentnobhe IBtoad connecting portions 40 to
mnimze the surface area thereof. The surface area of outer ends 58 is
desi gned to be ascsomrlihglgsit isas objezt bbthe pricxentinvBatidbto préddeont act with
the |l ens capsule's 24 equatorial germ nation zone 60 thereby decreasing

cel lular gr S Eo! cification of IOL 32. The width
of outer en@\gﬁa?gaﬁglal sﬁggi@'s(ﬁggﬁpéﬁge&?’gﬁhl | er than that of the thickness
of | ooped haptic,elenents 38 .to allow for flexing of spring portions 44 in
a pl ane per pendi éﬂpﬁfertoh%%tqf&%? PLSSeOt iy eRkop s Q/Em}@éggﬁﬁw?ﬁfd?ﬂﬁ@ﬁs 44
have an interior surface 62 and an exterior surface 64. Spring portions 44
are desi gneforusedn aphakiceyasawith flexibiityelsaractaristids mshicth enayimizkOstability
maintain OL alignment within fens capsule 24. Spring portions 44 when
conpressed fuaesbfabsor pti on of conpressive forces deform whereby interior
surfaces 62 may abut outer ends 58. Al so, when placed under sufficient

conpressive forc - SPr i . eflect outwardly in a

di rection away fgﬁﬂﬁ*\%?g’lgéezﬁ?&wﬁ? Bg%sﬁ“':"ﬁ@“’éﬁ?“gm%%4&'°é(ﬁi? Hﬁ(ﬁrﬂﬁé\'%?‘?@?\s a
direction toward optic portion 34 to absorb such forces and avoid =
undesi r abl €OF H&RiihgPhAKICYes: WhHishminimizeit paaxal displasementsfithe aiptiexi x oA
OA of eye 10. Linking portions 46 connect adjacent spring portions 44 to
form a | ooppitibap bf theeleasesaldyy the opticabapisrafitheeyds. are slightly bowed at .
preferably | ess than 20 degrees but nore preferably at |ess than 10 degrees

001 68041 2 3 CoTSU0S" RElp A EDBiiOhisERYAVEnGSh Itaiobid¥ ntrhllar ferBes M
for use in aphakic eyes, which minimize damage to tissues in 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.



depr essi ons 66. 'Upon one or nore spring portions 44 being defl ected
coutwardly i'n a direction away fromits adjacent spring portion 44 and
downwardly in a direction of optic portion 34 when placed uBdedCTQpggr essi ve

forces, qRPbARBLON(S) 66 of finking portion(s) 46 |ooses i el g
] and

beconmes nore linear. Fenestration 68 defined by interior s

62, and intefj 7 j, nki riion 46 enhances fixation of |IQOL
32 within Ieé?%%%@ﬁﬁTmﬁwﬁb%@M@ 22. Conpressive forces of
differing magnitudes within the range of approxinmately 2 to 8 nN exerted
agai nst | ooped hapiGURE tiemsshedadicireptasegtatiorapiihexintextariof 22hUmameiya
overall length conpression of 1OL 32, such as that caused by differing eye

sizes or comﬁemamg\/gnfagj;ggﬁgngy the eye 10) results in |less than
approximately 1.0 'mm but nore preferably | ess than approximately 0.5nm and

nost preferably | . a Xi.mat e 3 mm axi al. di spl acenment or
tilting of optic @@{%E?@@Dg[ag}]&ewp?ﬂ %hfb’aw@ F)OPHC ENdWalogned haptiger

| i ke conpressive forces, IOLs known in the art result in approximtely 2.0
mm axi al di speaestemadefinaceordanas wih the presemtdnvandiompt i cal axis in the
eye, which may damage delicate tissues therein. The uni que design of ICOL 32
achi eves signi fi IGURES Biasidediew ¢fithéiloblcitagemrt 20r tilting of optic
portion 34 to protect the eye 10 from danage when conpressive forces are

applied to eye 9 P 200 Th

oxi bili vy ohar decer R B GrORNRd o e 16T of Fiaere's B g BE pddera
descri bed aboyve is achi fﬁvred tr#'oug% hhe %m.i gue design thereof. The exterior
surface 72 &9968Q0 APOSkNArsHriageHidne RRliikt eri or surface 64 of spring
portions 44 may be formed with either rounded edges 74 depicted in Figure 6
for a snmoot her fiRIGMRE 5 isgesidewiéwod $het Obof Figurer2 mitheshdrpenedgessbiar per
edges 76 depicted in Figure 5 to provide a barrier to prevent cellular

mgration anke 8veVdped Rabthesiehadityy € which may be incorporated into the
subject lens is a sharper peripher al edge 36 on posterior surface 35 of

optic portion 34 i ! i 4, 4,0 L a.barrier t revent
cellular mgrati oﬁﬁé%gﬁ%\%ﬁdﬂagﬁ%ﬂ?&g}%@L P%E?%&Q%WBBJPHF@ rl?/?%%o‘aﬁced
havi ng an opti rtion 34 approximately 4.5 to 9.0 mm but preferably
appr oxi mat elri)'?,’/a gﬂ‘%&%@ﬂ?ﬁﬁﬁ%ﬁﬂ’%&”& eferably 5.5 mmin diameter and
approximately 0.5 mmto 1.0 mm but preferably approximately 0.6 to 0.8 mm
and nost pref er aBIGURE 7risnai side view okadseped haptic plemaht etigiguis2 takeped
haptic el ements 38 i ncrease or decrease in overall |ength dependi ng upon

the di anet egjg mi@'mmﬁtaiﬁﬂfe?vﬂn@e:énh@dtth%iﬁ.vera'I length of 10L 32
[ As

remai ns generally consistent. he dianmeter of optic portion 34
i ncreases, the overall length of | ooped haptic el enents 38 decrease.
Li kewi se, as the dianeter of optic portion 34 decreases, the overall length

of | ooped h%pti c elenents 38 increase. In
ETAILED 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 comnea 12 and an iris 14. A
natural crystalline lens 16 and a retina 18 are located behind the iris'14 of eye
10. Eye 10 also includes anterior chamber 20 located in front of iris 14 and

posterior chamber 22 located between iris 14 and natural lens 16. |OLs of



general , |ooped haptic elements 38 are formed to be approximately 8.5 to
«13.5 mm but preferably approximately 9.0 to 12.0 nm and mérppreferably 11
WD 00/ 66041 2 3 OCT ~ PCTI CTS00/ 07698 approxi mately 10.5 Cv 03 |

| engt h. wsdeesoaser al | | ength i s obtai ned nmeasuring from t heecgodoaroredg br oad
connecting portion 40 around through the center of | ooped haptic el enent 38
to the cenjer of ! i rii o 4 dt h of | ooped
haptic el e#p%n?%sgggip&%gﬂbp%gt 8&8?[53&%@3&%%? v{é{eonllép %é‘cag%{] f;erﬁ |g][;)s 80 of
spring portions 44 is approximately 4.5 to 9,0 mm but preferably

appr oxi mat BP$teqopchambes 22nto-edr aﬁbﬁghtpﬁfé@reﬁ disiepsed maiwral lensptihad peer

el enents 38 have the sane thickness thoughout their entire length which is
appr oxi mat slingidally reendvedl (aphakig applfatioahl VE e pO @tsorimickldestarBopticd). 7 nm and
nost preferably approximately 0.55 nm Spring portions 44 neasuring the

di st f t : ii | Rkd ' 46
appr oxi mat 25 PP h R 2 aGHaR 108 1t s Mo R o eGP e, B
t f bly . i ly,0.8 ial j.entat. ti 42
Appr oxi mat &1 §EriaY BUTACS SRR BDSISTEY SUABES SAHPH RS ek AIPHGEIPRTOA0 mm and
nost preferably approximately 3.0 mmin |l ength neasuring fromthe center of

broad conn@étinthegumaneyedlQ is génreraliyperpaidicuiaeto g offberngast2,ed
flexibility characteristic of | ooped haptic elenments 38 of |OL 32 may

| i kewi se bgataedliieNed6UnErdtMzced. by i ncorporating a stiffening el enent 82,
in the shape of a ribbon, in |ooped haptic elenments 38, as illustrated in

cl oot 36 1o NIRRT TP B s fvarftry 35 e ESyalbd ARBEAERNT o

construction to fpr event axial displacenent or tilting al ong optical axis

OA- OA whenisddantifiessby eeferpree nmMesal 3249k 345 sagigngst fo ivplandatien 38, 12

2 3 OCT 2~3 WD 00/ 66041 PCT/ US00/ 07698 Stiffening el ements 82 are fornmed of
a | ess f| eprefdrablypindenalcapsate 24hatr postdridr cdamiseri 2210f 2 patieat's apbakior
stiffening el enents 82 include but are not limted to polyi mdes,

pol yol ef i "Sye nghmegi%éétﬂ?bbﬁ&%m& With 4RSURESperipHetBPedg@Bel S or any

bi oconpat e materia suit e stiffening characteristics. Stiffeni ng'

cLenent o Dol a5l Ror i B Hh o Bod S 385 BB BN REE 2
white st lJ)p;?ocsheidel\(/)ioggdthr;%tigeesiieg'\%%t; |3(83X|e§<|:i|1 ihtazin%htwoagrto%rdi gcgtln%sé'ting

portions 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



Sui t abl e materlals for the production of the subject 1O 32 include but are
vnot limted to fol dable or conpressible materials, such as SI | i cone
pol ymers, hydrocarbon and fl uorocarbon pol yners, hydrogel s,2EBCT B ylic

pol ymer gyq fideygast ers, pol yam des, pol yurethane, silicone p@»lrmammt h
hydrophlllc nmononer units, fluorine-containing polysiloxane el astoners and

conbi nati ons, t here r,ed nat for rod IO_ 32
~of the presé’ﬁPQWﬁﬁgﬁ?f‘%%W@ (ﬁlygﬁdaémp%&d 'Inr%RP ?&U@tﬁhe

met hacryl ate (HEMA) and 6- hydroxyhexyl methacryl ate HOHEXMA) , i . e.

pol y( HEMA- c pladaHExaugh crmpresENATereeBEHERRADYI iBnehsufacesed s @d SAaiaapieal for
the manufacture of 10OL 32 due to its equilibriumwater content of

appr oxi mat elhgpli digiments 38 Yiewad alctomanstdie tie pafticatdrisige bhepx 10f
approximately 1.474, which is greater than that of the aqueous hunor of the

R R L T

t hi ckness. By using a material wth 0oi 66oal 2 3 OCT 21p

PCT/ LI S00/ 0T eplang rgan@raia/cr@araaelu tﬁdéﬁf ofwmal a&émpﬂ@ﬁeyaem:. By may be
corrected using a thinner 10.. Pol y(HEMA-co- HOHEXMA) is al so a desirable
mat eri al lndbbfgr@ﬂi%ﬁustty;@mobﬂeiiﬁlj& Stardoteristic Ints (sopstbhaptid elehientgtds, whi ch
is suitable to withstand consi derabl e physi cal mani pul ati on.

Pol y (HEMA- cpry t@ﬂ%\) bEn RRSUARPIN G Br AR 'SYari RAFdLand Bl AL Rahig" | O

use. |QLs manuf acture m-a naterial possessing goo menory properties

Sye. rat hor T IREMBRLHEES PLPGLoRS pY<e K0oaBBAEHANY CEAmRN R Peped

unfol di ng of | O_s i s undesirabl e due t otential danmage to delicate
ti ssues wi t hapticelerogots 38 aisoHRIMMize axm%(ml)acamt hheptic porticroddlin a
stability in the eye.- Although the teachings of the present invention are

preferably anebt;@ﬁial&@@EﬁcarhxfsooAa@h%fle@les1d orned of a fol dable or
conpressi ble materi al e sanme may al so be applied to harder, |ess

fl ble | f I

pol yrret hyl et hac ) PARSTBRRIGS RaoHE 40 &l BpPed Haplib el B atagthe, ¢ e
diff t t I t t iti

power od | entpaRASHRRP GBS RIASK ARdD AP ?éminé?ﬁ‘a%m?éLa%a?ﬁ@ﬁ@a o powered

lens fromO to approximately -30 diopters. Optic portion 34 may be

bi convex, ptanpectiny partignsatlarsotesigred o be heead taincozasearigidity anelto
(meni scus), dependi ng upon the power required to achieve the appropriate

central and SB?E%@AI dispIskEvRsAt befitti gmeemz. @%ﬁbidwmeéﬂngp\éﬂi&% £6041
230Cr 2~ PCT/ USO0/ 07698 Optic portion 3 the subject 10 3 :

optionally er\}cv%re”greven{ {Eeasnagglng or catching of eye 10 structures such as the

" rhexis 52 on optic 34. Each broad connecting portion 40 preferably measures
to equal 10 to 20 percent of the circumference of the optic portion 34.

Radial orientation portions 42 of looped haptic elements 38 have
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 |OL
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



gl are reduction zone 84 of approximately 0.25 to 0.75 nm but nore
. preferably ‘approximately 0.3 to 0.6 mm and nost preferably 0.5 mmin w dth

adj acent outer peripheral edge 36 for reducing glare when oq;laggc _e?gz#)heral
9o/07

edge 36 2 is struck by light entering eyelO duringc or at
ot her t.“ﬁ;e‘%d’é)a‘?‘é‘ﬁ pupil 86 is dilated. dare reduction zone 84 iIs typically

fabricated of the sane material as opti¢ portion 34) but may be opaque,
col ored or bpead epnRerting ROIBRT &% toomiiMEerhe Suiaceiaser theredfs ige 1 ght in
plane with optical axis OA-OA. Subject 10OL 32 is preferably nmanufactured by

first prodgaifaee @res of buttnendsed®ls désighedtobe asamaleas pobsitle to U. S. Pat ent
Nos. 5,217,491 and 5, 326,506 each incorporated herein in its entirety by

reference. Q. fi f tar kSES in a
conventi onaﬂ'ﬂ%géé@Y%&g?ngéﬂgﬁgg{mﬁg?lég rf%a[{/k%tl)ée@gg'l %@Laetghagl eaned,
sterilized and, packaged a conventi onal hod known to thqse skilled in
the art. Sgg[eratioyZonse &itnfsrégyidﬁcé@%s”ﬂ)cgﬁﬁ%rr@' BGNIPPHEINST on i n cornea
12, inserting 1QL 32 in posterior chanber 22 and closing the incision.

Al t er nat i vehpsulaObpaéificatjorbef I8le82i Thewddthoflouter ends A8 iarlsandésigoedi n
cornea 12 and | ens capsule 24, renoving natural lens 16, inserting |ICOL 32

in lens Caﬁ?Hé%n%lé?gﬁargltWa?}d?ghé !?ﬁickﬁ@ésséﬂaepé@ﬁaﬁﬁc gferhB8RtsBS L alow

i nvention provides refractive lens suitable for use in | ens capsule
24 or posteripor.chapber 22. 1C0L . has | ooped h ic.15 .. I 2 3
%0 Cr 52" oD eEaa g Brdians 4 A BlA R PBrARLET (4 BPUEECPTS T D R hat
mnimze axial displacenent or tilting along optical axis OA-OA of eye 10
t hereby prefieyeilflg decentration of 1 0OL 32, distortion of vision and damage
to delicate tissues within eye 10. IOL 32, having the flexibility
characteri sti cs Spemgrpdrtionddeiave an itedorasiviace8Rand anemdeter suace a few
fens sizes suitably fit eyes 10 of nobst sizes. By providing a "universal"

lens such gg té;}??'gnﬁﬁ?&iﬁﬁs Qﬁ%”@eéi?ﬁ@d"id QBsorb 'do%;ﬁi@ksi%%.ﬁ:ets%%éfﬁys ddue

to i nproperly enses are mnrmzed. Such clinical risks mnimze

L ews e ereradbuire wahiabdlc Ao RSRLARYL S0y SR 26 880t 1 Ly o0 o

many sizes is elimnated, thus reducing production and inventory costs
associ at edpotiimnswi4 wheOonhpriessed giponsabsosdionesferaraprassiviesiopsesdefoan 32 in
that tinme is saved by elimnating the need to determ ne each patient's eye

size and c@hbbesFlsicH RIfAEEBRIdY gbutiolter etdacss NARY, Whers plaicedar yi ng
sized lenses. Wiile there is shown and descri bed herein certain specific

enbodi nent ' ' ' ' [ se skilled
in the artaf'ﬁérf é@ﬁ?@hﬁ?ﬁ%’&%%ﬁ%ﬁ@%g' érriécy\,\%#é"n eﬁg\nﬂt‘lﬁoﬁ%yd‘gepﬁg& t? ing from
the spirit and scope of the underlying ipventive concept ,and that the sane
is not |inPuerdly nrdisgeionarvay ff%?rﬂtg aﬁ@?‘@“ SBHBARC 6%?&* bed except
insofar as indicated by the scope of the appended clains. 16 2 3 OCT 2003
17 CLAI M5 dowhAwardiyrin@cdirestiondoward dpéicipopiam34td absonbnsugh fofeegandral |y
perpendi cular to the eye's optical axis conprising: an outer peripheral

edge defi nhpgidathdudifablefétihg znd! fling @ a RN ;bé\'bﬂélq@dhéctgnﬁﬁl BRIRIDA-
el enents pernmanently connected to the outer peripheral edge,
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 inwardly toward optic portion 34 to form



two connectting portions on each | ooped haptic el enent to pernanently

< connect | ooped haptic elenents to said outer peripheral edge, 10 a linking
portion formed between each connecting portion, and a bow &3 D&E<2083han 20

degr ees WOWRPE4lsai d optic portion formed by said |inking REWUM/0T6M8er eby a

conpressive force sufficient to effect a 1.0 mmin dianeter conpression of

sai d | ens r@spressiohs 86eSIpbh dneaiThere ﬁmirq]ﬁoﬂtidhsm BbirRxdafledtsd
di spl acenent of said optic portion along the eye's optical axis. 2. An

i ntraocul ar €L i rall rpendi cular to
the eye's q%‘%tﬁ@gcﬂ'g’h?sd't%ﬁ%f%%éﬂﬁ%ﬁﬁﬁgﬁgﬁﬁﬁﬁ@P@F"i’bgg ining an
optic portion, 20 two, or npre bal anced | ooped haptic el ements pernmanently
connect ed t@PwWmuawlly iy a sirectine PhPptie gertiands wiateplacedginsartdopmrresaiveach

| ooped haptic elenment to permanently connect | ooped haptic elenents to said
outer peri poetes), degeession(k) 68iofiinkingtportioh (@) dedobeésvwts bornahd betaatdd NY
portion, and 2s a bow of |ess than 20 degrees toward said optic portion
formed by Srﬁb% idddel ng portion, whereby a conpressive force sufficient to
effect a 1.0 nmin diameter conpression of said lens results in |less than
approximately 0.5 nm of., axjal disp]acenent of said optjc_portion along the
eye's optical aﬁ@e%@t@p%dggnqq%gLlnetgpor[ gwdages gﬁ qp’\ﬁipé%m?@j"“?’ﬂq’ﬁ n an eye
generally perpendicular to the eye's optical axis conprising: an outer .
peri pher al sufgeed &0 ofi lindkinghpogioncdpenhances fixatjoroof iRl 82bwithkindens | ooped
haptic el ements permanently connected to 23 OCT 2003 the outer peripheral

edge, two CpRERS248r pesidrivRehambra@?, | ooped haptic el ement to pernmanently
connect | ooped haptic elenents to said outer peripheral edge, a |linking

Goor ces tovard SEVHPEREE fured BfCiePaBRag Bller Pitnih s BsBiotn” "aner eby a

conpressive force sufficient to effect a 1.0 mmin dianmeter conpression of
sai d | ens rappiexinately|Z:tos8 i exappd Baairatdegper baptic elemgnts 3@gg‘ﬁp&l@@nent
of said optic portion along the eye's optical axis. to 4. The intraocul ar

| ens of cl @nmagprofinuatel 20emai im averall tengthl chappressieoharfd@ls32sbidhhas opt i ¢
portion are both fornmed of a fol dable or conpressible material. 5. The

i ntraocul arphtedtyy QY i ' ' j froma is
mat eri al seﬂ?éect ecﬂc‘ggr%)m t helﬁgr%gglzc%ngfg?rﬁﬁge s}?yésjﬁrleg%r?ﬁ 8%%! rre?bs’,

hydr ocar bon_and .fl,uorgcarbon_pol r hydr.ogel s, sof.t rylic, polyners,

ol vester . TegilisitS PRt AoRR AR T.0 Mt e Thite Rlreratiy IPsoRBoni | 1 o
nmononer units) fluorine containing polysiloxane el astonmers and conbi nati ons
t her eof . 2@pproximatelyO:2mouand mesipreferablyiless than appeoximataly 0.3 @ | ens is
formed froma hydrogel material. 7. The intraocular lens of claiml1, 2 or 3
wher ei n saigtid! displacerhentdrctitting of aptiy potias 34ralsid aptivdli Hlis OA-UA Reafent by
wei ght water. 2s 8. The intraocular lens of claiml, 2 or 3 wherein said

ens 1 (OB g SR ELRAN RS PR il sl o

of claim1l,

approximately 2.0 mm axial displacerﬁent 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
of optic portion 34 to protect the eye 10 from damage when compressive

forces are applied to eye 10.

10



30 material having a refractive index above 1.33. 10. The intraocular |ens
.of claim1, 2 or 3 wherein said lens is forned froman acrylic material.
2 3 OCT 2~3 19 11. The intraocular lens of claiml, 2 or 2 3jperepgy said
| ens isvg V\ﬂ% froma silicone material. 12. The intraocul ger/{i6dmréds cl ai m
1, 2 or ereln said | ooped haptlc el ements are s dinensioned to have a

greater t hi ckness i | ane enef ndi.cul ar t tical
axis than in a &n@e’@yﬁ aCtFa'IS ogféjqi}?pdt g elem §t3gaﬂﬁéi|€2.a§3. The
i ntraocul ar |l ens of clai ml 2 or 3 wherein a glare reduction zone is
formed adj deecnibecbabbeewaemepeditlpnwgalthedgéqw designdpereofpditte exterion 14.
The intraocular lens of claiml1, 2 or 3 wherein said | ooped haptic el enents

include a gi %E@?Qrtﬂ‘lﬁkﬁ{q?ﬁém%w@ﬁnétlgé%%&rorrs‘é?ﬂaéew&f é;@rlr%eﬁéméﬁs' n a

pl ane general 'y paral 0 an eye s optical axis than in a plane generally

per pendi cul ar to t C h ns of
claim 1, 4% Rﬁgﬁgﬂﬁgt"ﬂw ?ﬁ&’“ﬁ ﬁetoﬂgeqslfﬁeﬂ%pli%h%qjtrh?@%ge §tfP{" eni ng

el enent formed froma material select ed fromthe group consisting of

pol yi mi de, spolofluerdditiwith Iingn sueiases 8o §&nranoreng efmﬁcgrﬁhaﬁeerae dgen’Ge6. A
met hod of manufacturing the intraocular. lens of claim1, 2 or 3 conprising:

‘;F”E‘ ”gAg Gbgiétéﬂ irPF R Bltbprovider 4 darrieitd m@éntmemla:'r&h@ramrsaﬁdom sai d
IS

! zﬁpﬁ\:‘_la\ C\]sgtac]vctﬁ] AT%‘QFE%%%]% J’VP%J]A‘?QP@] 5‘3}555%]7 ﬁi rﬁl]tca ca ngf%%ca cg]_lzg] ::(

a] ca] ca] ca] ca] cTa] cal] ca] caU] ca] ca] ca!;

/] W ] cJt } feaipgr Pesipbg[al £9s) %@P@aﬂ‘&iﬁ’%%[] %Hfé&ﬂ %%PE apHe PORjULFE #Pca] ca] cal ¢
a]J ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca] ca] ca] calty{Maf soL@ c2{zupkfa\W ca] ca] ca
] ca] ca] ca] depictdd il Eglicaide]prayide] & bhmrigrda]preyerd]cedijitaa Whigaaticr andica] ca] ca] c
a] cal] caj caU] cajcal@&@ VvV

+H O 1L 4n " o s $2 $$% %984 val gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca
] ca] ca] ca] gﬁ] caJ ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca! ¥Ra&&&F' '
#(n "I *

AC AR The subiect|phia s preterbl CELEPELATG AP SHFEAIRT Hec oo
] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c gcaI AM / /900000
011111 approximately 4.5 to 9.0 mm, but preferably approximately 5.0 to 6. 5 mm and
202223733334_5nb5576666| w mhc”~X] U] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

] g S]QC aJ czi] frilst prefalaty 625 aatlin dianbialaral spdroximatehed Sagnratd SEEMAT, HURBN8889
>: % |

<< <3<'>< ——>
| cal cal ca ﬁ?%ﬁ‘] IRt Rlely (g Bl Ay %}‘P?ﬁfgﬂa‘fﬁé‘?wf R Gaoann
Bi BoB{ BBBB* eEFFA ql
oa] oa] oa] cm‘%ﬁamwrpisf@m%éé LR A G S PEER SPUSPRARR H el (ot e
H
| % m | JLJJdeeresisklin averaiienginispeadiogainemthng dpmede) ebprlig partiea) 3bsea) ca) c
a)J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]calca]ca]ca]ca]ca]ca]ca]cal
XO' Ce QuOOPHRtRRBRYRISe Ryt T INUBREmditk)generally consistent. As the
VKVWIWNN vql gb] X] ] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca]ca]ca]c

2 cal cal calegh cal ealegl cal gl salicakeatt %%M@%Yﬁmme B L[ O] []
oo ol ool T e e Al lehsabaheo o) ol

jjbjjj Okkk& wi Il mfn} nmmi xsni d_Z] ca] ca] ca] ca] ca] ca] ca ca] ca] ca] cal ca] ca] ca]
ca] ca] ca] c decedasale e aVerall dength] ofdpoped Apptit eldroanisald iase@savhimnnnn’ o{ oo!
p] p  pngqqgZrrrr& W I I mn nmmm} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]c

te18.8.13aB, #10% &
ol Sl it s gmtolseppreyins o 0%

G;];;goo/f/‘&( % 5 3&%’%& ég, é!')’? Méﬁé&)?} 0o 12.8%nd én&” most preferably
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10 '9L109%&' () - y43109%& ()- @L! 10% () - Y" 109%& ()-3U H+{\=nb@ 10%& ()- 10%& ()-
1109 ()- ¢ LI 10%0& ()-'!FLI10% ()-!Y'L10%: ()- +p Y dEnb@10%! ()-
y10%&' ()- | L 10%&' ()- 3-10%&' ()-10%&' ()-  10%&' ()- ngnb@ oY () - +,

i%ﬁ@%ﬁ&\}@%& 10&}8%50( )51(%?}&1?;/&4§ : 1013/& f) 1(1)%%08/& ()-11 E&/E’S{‘}’&’P”r
QHS%C{) - %?ﬁ?%)nia} 3*}’?@)@1% ry guarell dgngtiv Suebareesabbangti js ehtzinad () - F109%8
& ()-Ff 109v& ()- Y& 109%V& ()- F 109%V& ()- -|]dEmbC3( 10%& ()- 3S&
10%E () - 3&$Rea8MNd From SHOBBLel of bAdLEMEctihg portion 40 around through the
center of looped haptic element 38 to the center of adjacent 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.
l.ooped 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
portions 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 stiffening
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
haptic elements 38 to function'in a manner similar to that of an I-beam in

construction to prevent axial displacement or tilting along optical axis OA-OA

when compressive force is applied to looped haptic elements 38.

12



3SF 109 ()- cJt dENbC36" 10%VE: () - F3! 109 ()- Flz 109& ()-FS/ 109 ()-
- F-7z 1000 ()- *S109& ()-tvwxyM-_@ 10% o0& ()-,, @0% o& % %%0% 0& ()-!
"10% o' 0& ()- 10M 10M 10M 10%v& () - Macdefso_=!1z#10%& () - ! WBRBS () -

10' 0 10 0% 0& ()-* 10% o0& ()- | (10% o0& ()- GoLdE_=!
109B& ()‘90%8“158%/.%& ()- s(9)10%3& ()O (12)%3&( & () PCHERErdob -

109B&' () - @ dE_=! L&L0 109 0YB & ()-
L109%B& ()- c2{dE> ﬁﬁ?ﬁgé@@%ﬁ{ggﬁ(&}ﬂnﬁ gff%%égfke}“b}%”ﬁfﬁ }ééh%‘%g %35&') () -
(Z109B& ()- Ga~ @ y@0%& ()-S10%& ()-410%& ()-'s' 109& ()-S 10B 10B
10B: 109@&' (of-IQLB2. fuitapley Tatarials forstiffesing slemends @2 (nclude bugarg not
f:109%& ()- @10%&() 3 +HO!IdE~ @(10%& ()-$10%& ()- !'f10%& ()-

S109%& () - @At lyirhitPsi, biEfihs#higheden iathyl
| 11 10%&' ()- ,/ 18%/50 )l -21882 0 nszfgv%ag% f@%##%ﬁggszﬂfgﬁfgh& ()-

1 10% & () - %ﬁ@r(ggfng a1 90r LR o dompatible material with suitable stiffening

characteristics. Stiffening elements 82 may be used in conjuhction with
looped haptic elements 38 as described above or in cases where a thinner
looped haptic design is desired while still achieving the desired fiexibility
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
hydrophilic monomer units, 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-hydroxyhexyl 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
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
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10 10 109: 109%&' () -z$$% %WAKJIELC! Y&lo%&() |,10% & ()-1 10% & ()- |
C10% & ()-1Y :110% & ()-110% & () - &a&&&F" " dEbClY#lo%&() Fl10% & ()- YF
10% & ()- YGLO% & ()- Y- 10% & ()- YGLO% & ()- "#(n(((')])dEbatT 2003
F110% &© pe/66d4110% &'()-Y, 10 & ()- Y*10% & ()- FY( 10% &HQrustemeiés & () -
1))))))* **bC10% & ()-"10% & ()- 10\ 10\ 10\F:10% & ()-Y510% & ()- Y3@

o1 . i rercinftex, Wldk dolituent BHefed hay BedSrrbbied udhd e & O~

’ 0 2 9 09 1 10% &
g 100 & (et 101 PaiEMirasd 00BN isigsoe egsralimmatetial e
$' 110% & ()-|10%& ()- 0% & ()-/M //900000dE: / 10:

10: sY: 10% & prpductiarods lLs) 32 due@onts gehanidal strength, which is suitable to
10% & ()-,/'110% & ()-, MLO% & ()-00001l 111uV7/ 10: y10% & () -

{810;/? & I()lot?/rglg@(t%d l);oné&%a%lé bhysiéhl maRBifidn. - PBRAGEMA-HHOHERRES" 3AET/
also has desirable memory properties suitable for IOL use. 10Ls
manufactured from a material possessing good memory properties such as
those of poly(HEMA-co-HOHEXMA) unfold in a controlied manner in an eye,
rather than explosively, to its predetermined shape. Explosive unfolding of
IOLs is undesirable due to potential damage to delicate tissues within the eye.
Poly(HEMA-co-HOHEXMA) also has dimensional stability in the eye.

Although the teachings of the present invention are preferably applied
to soft or foldable IOLs formed of a foldable or compressible material, the
same rhay 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

upon the power required to achieve the appropriate central and peripheral

thickness for efﬁcient handling.
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Bi Bl BrrBn BOB{dJBch%%t %%térlggﬁp%eﬂ'gl gc} Oo/é’;é‘ ffgl) red}Jcmg 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 opaque,
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. IOL 32 may
then be machined from the material discs in a conventional manner. Once
machined, |I0OL 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 IOL 32 in posterior chamber 22 and closing the incision.
Alternatively, [OL 32 may be used in eye 10 by creating an incision in cornea
12 and lens capsule 24, removing natural lens 16, inserting IOL 32 in lens |
capsule 24 and closing the incision.

IOL 32 of the present invention provides for a refractive lens suitable

for use in lens capsule 24 or posterior chamber 22. 10OL 32 has looped haptic
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IOL 32, distortion of vision and damage to delicate tissues within eye 10. 10L
32, having the fiexibility 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 maintaining 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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10%& () - 911Amdrt(gocuttrliensiq be impPhafitdd within an eye generally perpendicular to the
eye's optical axis comprising:
5 an outer peripheral edge defining an optic portion, )
two, or more balanced looped haptic ele_ments permanently connected to
the outer peripheral edge,
two connectting portions on each looped haptic element to permanently
connect looped haptic elements to said outer peripheral edge,
10 a linking portion formed between each connecting portion, and
a bow of less than 20 degrees toward said optic portion formed by said
linking portion,
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
15 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,
20 two, or more balanced looped haptic elements permanently connected to
the outer peripheral edge,
two connectting portions on each looped haptic element to permanently
connect looped haptic elements to said outer peripheral edge,
a linking portion formed between each connecting portion, and
25 a bow of iess than 20 degrees toward said optic portion formed by said
linking portion, .
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.
30
3. An intraocular lens to be implanted within an eye generally perpendicuiar to the
eye's optical axis comprising:
an outer peripheral edge defining an optic portion,
two, or more balanced looped haptic elements permanently connected to
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a bow of less than 20 degrees toward said optic portion formed by said

linking portion,

whereby a compressive force sufficient to effect a 1.0 mm in diameter

compression of said lens results in less 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.

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.

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
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.
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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.

10
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.

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

20 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.



