WO 01/87188 PCT/ US01/ 14195 FOLDABLE I RI'S FI XATED | NTRACCULAR LENSES FI ELD
OF THE I NVENTI ON The present invention relates to intraocular |enses (IOLS)
and a novdodsties naki ng and using the sanme. Mre parti cubPa@riugor/ungs present
invention relates to anterior chanber iris fixated I OLs designed primarily
for refractive correction in phakic eyes where the eye's natural |ens
remains intact. BACKGROUND OF THE | NVENTI ON Vi sual acuity deficiencies
such as nyopi a (nearsi ghtedness), hyperopia (farsightedness), presbyopia
(age-rel ated farsightedness),__aphaki a (absence of the crystalline | ens of
the eye) and astigmatism (i rF@UABLECIABIHKATESh of the cornea of the eye)
are typically corrected throlNNhRARKCUISARIENSESacti ve | enses such as
spectacl es or contact |enses. Although these types of |lenses are effective
in correcting a wearer's eyesight, many wearers consider the |enses

i nconvenient. The |enses nust be |located, worn at certain tinmes, renoved

peri odi cal | yEpsoreyHRANVENTION M spl aced. The | enses nmay al so be
dangerous or cunbersone if the wearer participates in athletic activities

or suffers an i i r

PCT/ US01/ 14195 r@ﬁ‘%"ﬁ%%"?ﬂ'@ﬂ?é? Eg'gfeys tﬁﬂﬁ’i’%é’n@%r 'é’r#%%r ﬂ?&éi %gﬁ‘@er |OLs as a
method for making and using the same. More particularly, the present
invention relates to anterior chamber iris fixated |I0Ls designed primarily for

refractive correction in phakic eyes where the eye’s natural lens remains

intact.

BACKGROUND OF THE INVENTION

Visual acuity deficiencies such as myopia (nearsightedness),
hyperopia (farsightedness), presbyopia (age-related farsightedness),
aphakia (absence of the crystalline lens of the eye) and astigmatism
(irregular conformation of the cornea of the eye) are typically corrected
through the use of refractive lenses such as spectacles or contact lenses.
Although these types of lenses are effective in correcting a wearer’s
eyesight, many wearers consider the lenses inconvenient. The lenses must
be located, worn at certain times, removed periodically and may be lost or
misplaced. The lenses may also be dangerous or cumbersome if the
wearer participates in athletic activities or suffers an impact in an area near

the eyes.



permanent formof refractive correction has been gaining in popularity. IO
I npl ants have been used for years in the anterior or posterior chanber of
aphaki c ay@91/818% epl acenents for di seased natural crystal PCHESIIERSESs t hat
have been surgically renoved fromthe eyes. Many different 1 OL designs
have been devel oped over past years and proven successful for use in
aphaki c eyes. The successful |10OL 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
| OL are designed_to support the optic portion of the IQL in the lens
capsul e, ant eri of he hgated surgicglysimnianied aptefissohasibeitObg@sance i npl ant ed.
Commercially successful 10OLs have been made froma variety of

bi oconpat i bbernmarientifains of refrayitivg correctiom hes beghdjaining in pbpularityh 103

pol ynet hyl met hacryl ate (PMMA) to softer, nore flexible materials capable

of being f ohfiRgnehfRBEStessH ﬁ#%a?sﬁinsthéiéh@é]ﬁnorﬁfb’sle?id? chembdres. and
hydrogel s. Haptic portions of the | O.s have been formed separately from
the optic p | ater connected thereto through processes such as
heat , physi%étﬁél{s??gzgﬁsgand/or chem cal bondi ng. Haptics have al so been

Formed 2 odlrdl Al 8P ihaRlod el Bt R e R Be IS Y o v
more tlexi balst.?rg%cgﬂys/ rgr?\\éeeg ?rior;r??hei gycl,os(?pl\l;lggyr/ idtii%/erierrllt IrOechgéigxg %g\sle 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 once implanted.

Commercially successful IOLs have been made from a variety of
biocompatible materials, ranging from more rigid materials such as
polymethylmethacrylate (PMMA) to softer, more flexible materials capable
of being folded or compressed such as silicones, certain acrylics, and
hydrogels. Haptic portions of the IOLs have been formed separately from
the optic portion and later connected thereto through processes such as
heat, physical staking and/or chemical bonding. Haptics have also been

formed as an integral part of the optic portion in what is commonly referred

to as “single-piece” IOLs.



due to their ability to be conpressed, folded, rolled or otherw se
deforned. Such softer I COLs nay be deforned prior to insertion thereof

t hrough awo 0i/8mB&i on in the cornea of an eye. Foll ow ng i PERUBIIGRIGS t he
IOL in an eye, the IOL returns to its original pre-deforned 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 nuch snal)er, i. " 0,.3.2 mm_t.han t necessary for nore
Hatd Tots i . oot inary e ot Sndud gaifediE RopbiTiy MiECRaEiAgrst or mor e
rigid | OLs because  the | ens nust be inserted throggh an incision in the

cornea sl i giie ip theirghlity tp e ganapregsed,feldgdaraliedorsithemdse defossiesl e | OL

optic portion. Accordingly, nore rigid |IOLs have becone | ess popular in
t he mar ket Suchsofter|@irs maydiesdefosnéd paobieinséiondhereob thraagbhanat ed wi th an
I ncreased i ncidence of postoperative conplications, such as induced

ast i gmat i snincididrein thélcoried enameyen FolewihgsiaéédibnditheTor i hFiefel OLs
positioned wthin the angle of the anterior chanber of the eyé are subject

to conpresgicve§ QGRS 1908 driRfha Bré-B8fdHicR sHAR S 88 Fhempyy Ch typi cal ly
J%E uaﬁ CES the eye. elﬁ S

occur when an indivi squints or ru Such conpressive forces

seue. aanagiereGRREts oftnebclt Rl CEBlHE o laF 1L R B o1 sual
01/ 87188 PCATRDPETIAB5S WEIRT(ed MIAREYSBEMHEH B INCITeR hatis MEgh s and

axi al displacenent of the 10L along the optical axis of an eye. Haptic
movenent anemBleratleh2pd ta3.2 mm, than that necessary for more rigid IOLs, i.e.,

4.8 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 that of 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 be associated with an increased incidence of
postoperative complications, such as induced astigmatism.

After |OL implantation, both softer and more rigid 10Ls positioned
within the angle of the anterior chamber of the eye are subject to
compressive forces exerted on the outer edges thereof, which typically
occur when an individual squints or rubs the eye. Such compressive forces
on angle positioned |OLs in either aphakic or phakic eyes may result in
tissue damage, decentration of the IOL and/or distortion of the visual

image. Compressive forces exerted on an angle positioned IOL may also



contact in the angle of the anterior chanber of an eye has the potential to
cause damage to delicate structures within the eye such as the peripheral
corneal ovaot/smBs um the trabecul ar meshwork and/ or the i PCEUSMOME&SENt Of
an 1OL along the optical axis of an eye has the potential to cause the IO
to contact and damage the delicate corneal endothelial cell l|ayer of the
eye. Also, angle positioned | OLs of current designs, whether fornmed of

either softer or nore ri ter . tend to deflect along the optical
axis of an teBQéOﬁﬁHﬁem@'%%ﬁ&h% @I-i’@ﬁ{i?%ég @xiaf gyjsp UOht® s provi de
a w de range | OL sizes to nore precisely fit IOLs to each particular
patient's d&; aleng éhe pptioalaxigobamere. Hapge nadvansentandekroag haptigt t enpt to

mnimze the potential for haptic conpression and the associ ated axi al

di spl acenergonddct in ltlee bAYleopfithe anteritg chambepiof aaley@tias e potestysl to Because of
the noted shortcom ngs of current I1OL designs, there is a need for aphakic

and phakic @“Js@rdé?ﬁagé@d’f’éél"cdtélsﬁ'udl%%sgmmnttﬁe@y'e@déﬁté% th@%rlpfhe‘ﬁélm act and

novenent in the angle of the anterior chanmber and elim nate axi al

di spl ace”e@orﬂéalt%}ﬁjdt%luﬂﬂtﬂw%t etcgfﬂ? rﬁésﬂﬁ'@:rpﬁd%}tth His aﬁ?l'o%[r% the eye

when corrpre55| ve torces are exert agal he oute edges eof By

antorfor CrRAAWIOY aBpgRe ADHal it of Ga Fya rere PatatL i Sy Medc mmy be

achi eved and the risk of delicate tissue darr;lgg may be reduced. 4 WO
01/ 87188 Pd®e/agstact endgtamagsfirrdelivate pernerl/e! fmllalrpeéldaqufrthewﬁber iris

fixated intraocular lens (I1OL) nmade in
Also, angle positioned IOLs of current designs, whether formed of either

softer or more rigid materials, tend to deflect along the optical axis of an
eye when the haptics are compressed. |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 haptic compression and the associated axial displacement of
the IOL optic along the optical axis of an eye.

Because of the noted shortcomings of current IOL designs, there is
a need for aphakic and phakic anterior chamber 10Ls designed to eliminate
haptic contact and movement in the angle of the anterior chamber and
eliminate 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 eliminating an IOL’s haptic and optic movement within the
angle and anterior chamber respectively, more certain refractive correction

may be achieved and the risk of delicate tissue damage may be reduced.



accordance wth the present invention has an optic portion with an outer
peri pheral edge and two or nore but preferably two, three or four haptic
el enent s Wop1/8Upporti ng the optic portion in a patient's BENARIICI4095 phaki c
eye. Two, three or four haptic elenents are preferred in the present

I nvention to provide a balance between I1OL stability and m nim zed points
of fixation on the iris. Alens having two haptic elenents is bal anced or

stabilized by | ' nt formed on one edge of the optic
portion anﬁvwﬂﬁéﬁﬁgnﬁé\%ﬁw@fﬁw formed on an opposite edge of the
optic portion. A lens having three haptic elenments is bal anced or
stabilized by havianteriokshephasdinfixated inracamardens(liid madeife edge of the
optic portion and the third haptic elenment forned on an opposite edge of
the optic gooordanceowithlithe pregamt @ventipn thasismgoptiocortion with amoeterhapt i ¢

el ements equally spaced around the periphery of the optic portion. A lens

havi ng fOlﬁerﬂ#@rélcedﬁeeﬁﬁd'hﬁoioﬁnﬂﬁb@uﬁ@%f@Falﬁﬁ?ﬁé,'th?@opﬁbuhﬁé?ﬁ@ two spaced
haptic elenents forned on one edge of the optic portion and two spaced

Al Cer nat | verg e R ERpORIESRRE ddFu S HEa Bhibhts AMoie BRBRARR. % paced
ot of er abl'y B 1y aniie Vioyt hAPG R Ak SRR LIERBASD ol 1 ow the | L
to be easily folded for insertion thereof through a relatively snmall
i nci si on wiifventiamio prpvide Ehalaneghatweean dab stability ansl pindmized pARiSt or m of a
relatively narrow arch wwth 5 WO 01/87188 PCT/ US01/ 14195 a fixation clanp
pref er abl y cftfixation oartheririe.r Adeng hakingdwb Hapticeslements isibadanaeg or

stabilized by having one haptic element formed on one edge of the optic

portion and the second haptic element formed on an opposite edge of the

optic portion. A lens having three haptic elements is balanced or stabilized

by having two spaced haptic elements formed on one edge of the optic

portion and the third haptic element formed on an opposite edge of the

optic portion or alternatively by having each of the three haptic elements

equally spaced around the periphery of the optic portion. A lens having

four haptic elements is balanced or stabilized by having two spaced haptic

elements formed on one edge of the optic portion and two spaced haptic

elements formed on an opposite edge of the optic portion or alternatively by

having each of the four haptic elements equally spaced around the

periphery of the optic portion. Each of the haptic elements is preferably of

a relatively narrow arch-like form designed to allow the IOL to be easily

folded for insertion thereof through a relatively small incision within the eye.

Each haptic element is designed in the form of a relatively narrow arch with

5



the sanme on the anterior surface of the iris of an eye. Each of the haptic
el ements al so has an inner portion and an outer portion with the inner

portion Bedngsuehnected to the outer peripheral edge of theT@pev@dIgForti on.
Each haptic el ement includes two interlocking snooth, serrated or toothed

edges on thecout ' t r f i clanp. «The fixation
clanps are %Qg%ﬁ'% é%@%‘fﬁgﬁ{%tghﬁﬁ%n\ilﬁq’tdﬂ%a{(ﬁégwg%%ﬁs%gﬁzf%ﬁﬁ?g of an

eye by engagi ng the relatively non- ile outer peripheral edge of the iris
of San eyo. Pecthris Rpithe AteTar SuAREREAIe B G BiusERel PRIERARIF t o pr ovi de
i ntraocul ar | enses for use in.aphakic and phakic eyes. Another object of

t he presentelemants alse has ap inneswodion and ao outerrportien ydth therdnngre i n aphaki ¢
and phaki c eyes, which elimnate anterior chanber angle contact. Another
obj ect of tphartipndeing comveoted tottiesouter pedphetal edge obthel aptic pertises for use

i n aphaki c and phakic eyes, which mnimze axial displacenent of the optic

portions ofEé&ehhsﬁ@e_ren@érﬁnﬁcma@s%iméﬂloa(mgssmbotm%enﬁvafort%ﬁs&fr obj ect
of the present invention is to provide intraocular |enses that allow for

e eescd SaRReln WP AR 4RAY MR W bR oS
8{;3;’7&@ gwm%b%@%@ﬁae%e totsoecu%é fhe TOL \iNﬂhllnhtﬁeiar}\ grrici)rocrha%betrr}) an o> 6 VO
eye by engaging the relatively non-mobile outer peripheral edge of the iris
of an eye.
Accordingly, it is an object of the present invention to provide
intraocular lenses for use in aphakic and phakic eyes.
Another object of the present invention is to provide intraocular
lenses for use in aphakic and phakic eyes, which eliminate anterior
chamber angle contact.
Another object of the present invention is to provide intraocular
lenses for use in aphakic and phakic eyes, which minimize axial
displacement of the optic portions of the lenses along the optical axis of the
eyes.
Another object of the present invention is to provide intraocular
lenses that allow for increased ease of implantation thereof.
Another object of the present invention is to provide intraocular
lenses for use in aphakic and phakic eyes, which minimize damage to

tissues in the interior of the eyes.



Still another object of the present invention is to provide intraocul ar

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

ot her objwa1i/#B88 and advant ages of the present invention, PCBORE/B195Whi ch
are specifically described and others that are not, will becone apparent
fromthe detail ed description, drawings and clains that follow, wherein
| i ke features are designated by |like nunerals. BRI EF DESCRI PTI ON OF THE

DRAW NGS FI GURE 1. S schemati g, representati,on of the.interior of a phakic
puran eye. | nol udtbeaoHET ApIREt P THRSSE InGeitRh B o PrRYAS HITASKUIAT | n | ho
anterior chanber of the eye; FIGURE 2 is a plan view of an IOL with two
haptics madenses, wiieh egaresistant to degentiationwithimieneyes; FIGURE 3 is a side
cross sectional view of the IOL of Figure 2 taken along line 3-3; FIGURE 4

is a plan view ofhesecandbther dbjeptives 2ndradvahtdgesdfthapeesentinddntioh, i s a
plan view of an ICL with three haptics made in accordance with the present

i nvention; ddrfdBEwWhidare %Lijétﬁﬁdél"?%%séméd anRdbotherSthafarkht !l of Figure 5
taken along line 6-6; FIGURE 7 is a plan view of the ICL of Figure 5in a

accor dance ™ AEPoL SRR SRaked ety on, ety sbl et o™ ¢ ' "

follow, wherein like features are designated by like numerals.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 is a schematic representation of the interior of a phakic
human eye ihcluding a natural lens and a refractive IOL implanted in the
anterior chamber of the eye;

FIGURE 2 is a plan view of an IOL with two haptics made in
accordance with the present invention;

FIGURE 3 is a side cross sectional view of the IOL of Figure 2 taken
along line 3-3;

FIGURE 4 is a plan view of the IOL of Figure 2 in a folded state;

FIGURE 5 is a plan view of an |IOL with three haptics made in
accordance with the present invention;

FIGURE 6 is a side cross sectional view of the IOL of Figure 5 taken
along line 6-6;

FIGURE 7 is a plan view of the IOL of Figure 5 in a folded state;

FIGURE 8 is a plan view of an IOL with four haptics made in
accordance with the present invention;

7



FIGURE 9 is a side cross sectional view of the 1OL of Figure 8 taken along
line 8-8, FIGURE 10 is a plan view of the IOL of Figure 8 in a fol ded
state; M@URE188 is an enlarged plan view of the fixati oRrCTUSM4045 t he | OL
of FIGURE 2; FIGURE 12 is an enlarged side view of the fixation clanp of
FIGURE 11; FIGURE 13 is a perspective view of surgical forceps; and FlIGURE
14 is a perspective view of surgical retractors. DETAILED DESCRI PTI ON OF

THE | NVENTI ON Fi [l lustrates a sinplified di am qf an_ eye 10

showi ng | andmar'%&@?éé l?r%§'dreeqr8§%ﬁ?°tl°6'as MEew %ﬂgﬂ&&qﬁﬁgwﬁ %F?Keﬁ't raocul ar
| ens of the present invention. Eye 10 includes an optically clear cornea
12 and an i@lpBglin@ 8Bt h a relatively non-nobile peripheral edge 40. A
natural crystalline lens 16 and a retina 18 are |ocated behind iris 14 of
eye 10. Eye 10 afFISUREM isceplaantiewiodthe lOlobéFighirevBtih asfollet] stategcat ed i n
front of iris 14 and a posterior chanber 8 |ocated between iris 14 and

natural |ens 16.FUSURE1 B%n ,énlrérge:rzﬁpﬂahaﬁewatﬂ@ﬁﬁt@ﬁ%!émyweméilen, i's
preferably inplanted in anterior ~chanber 6 to correct refractive errors

whi | e heal t . lens 16 remains in place (phakic application).
However, I%Wﬁ%?\l\n se may be inplanted in anterior chanber 6 of aphakic

cyes uhere the REIRE 12 ar &nli5ed S88 vid BPHR oG 7158
FIGURE 11;

FIGURE 13 is a perspective view of surgical forceps; and

FIGURE 14 is a perspective view of surgical retractors.

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 with a relatively non-mobile peripheral edge 40. A natural crystalline
lens 16 and a retina 18 are located behind iris 14 of eye 10. Eye 10 also
includes anterior chamber 6 with angle 7 located in front of iris 14 and a
posterior chamber 8 located between iris 14 and natural lens 16. An IOL
26, such as that of the present invention, is preferably implanted in anterior
chamber 6 to correct refractive errors while healthy natural lens 16 remains
in place (phakic application). However, IOL 26 likewise may be implanted
in anterior chamber 6 of aphakic eyes where the natural lens 16 has been

removed.



Eye 10 al so includes an optical axis OA-OA that is an inmaginary |line that
passes through the optical center 20 of anterior surface 22 and posterior
surface 2MOo0f/8118s 16. Optical axis OA-QA in the human eyRCLOSIgI4¢®ner al |y
perpendi cular to a portion of cornea 12, natural lens 16 and retina 18.
The 1COL of the present invention, as best illustrated in Figures 2, 5 and
8 identified by reference nuneral I s designed for inplantation in

26,
anterior chanber of atient! s eye o 26 has an optjc portion 28
with an outgyeggﬁqﬁ%g@*&eﬁ%%@?a'&@fég‘a@#ﬁ%ﬁéﬂE‘qun@%'w’@dﬁ@h
peripheral edge 30 of optic portion 28 are two or nore but preferably two,
three or fopessasghreugh thenrigabeentet B0 of retaiighsudaee @Rmndspasteri@ach hapti ¢
el enent 32 is manufactured to have an inner portion 34 and an outer

portion 36. sunface 24 of lensmb. 3@ptitallaxis OA-Olieinethe huBtarneye p0ds er abl y
integrally formed with and permanently connected to outer peripheral edge

30 of opti cg@eérailpPerfenditulSr 104 pYRion STRARYES 12] RRBFalléhd 16BRdF4id haptic
el enents 32 nay be attached to optic portion 28 by staking, chem cal

pol ymeri zaty@n or other methods known to those skilled in the art. Each
haptic el enent 32 also includes at outer portion 36, a fixation clanp 38 in

outer peri pher ol 1EHIDL8! R PFENLIVR Ak 28 R TLREHBENS. YRS 2edor dance
with the present invention, 1OL 26 is held in proper position in anterior
chanber 6 t#hdadtentifies binrefemnsesuunsral 26, is slesigned:fer imglantatigniion cl anps
38 on relatively non-nobile outer peripheral edge 40 of iris 14. Iris
fixati on 9 anterior chamber 6 of a patient’s eye 10. IOL 26 has an optic portion 28

with an outer peripheral edge 30. Preferably integrally formed on

| peripheral edge 30 of optic portion 28 are two or more but preferably two,

three or four separate looped or arch-like haptic elements 32. Each haptic

element 32 is manufactured to have an inner portion 34 and an outer

portion 36. Inner portions 34 of haptic elements 32 are preferably

integrally formed with and permanently connected to outer peripheral edge

30 of optic portion 28. Alternatively however, inner portions 34 of haptic

elements 32 may be attached to optic portion 28 by staking, chemical

polymerization or other methods known to those skilled in the art. Each

haptic element 32 also includes at outer portion 36, a fixation clamp 38 in

the center or peak 46 thereof designed to engage relatively non-mobile

outer peripheral edge 40 of iris 14 in anterior chamber 6. In accordance

with the present invention, IOL 26 is held in proper position in anterior

chamber 6 through constant compressive forces exerted by fixation clamps

38 on relatively non-mobile outer peripheral edge 40 of iris 14. Iris fixation

9



WO 01/ 87188 PCT/ US01/ 14195 of 1OL 26 is desired to avoid haptic el enment 32
contact and danmage to delicate tissues within angle 7 of eye 10. The
requi red Wanusiehal characteristics of haptic el enents 32P€DUSOmI4MISai N
adequat e conpressive forces on iris 14, are achieved through the wunique
design thereof. 10L 26 has relatively narrow arch-1ike haptic elenents 32
formed with a central portion 44 adjacent to inner portion 34 permanently

connected to aquter.peripheral edge 30 of optic rtion 28. ntral portion
29 has o o S S5 P fedte Bueid BenticeRmart geiodivest 4 danagr B 5 6 and o
generally parallel to optical axis OA-OA, approxinmately equal but

pr ef er abl y delicate tisguasnaithinfangleafiof #8e 49, best illustrated in Figures 2, 5
and 8, generally perpendicular to optical axis OA-QA. Each half of haptic

el ement 32 is rebherequirddofubetionpl dhbratenisiicerof haptiedléemerts@2rtect i on  away
fromits other half due to each half being biased toward one another in an

arch-1ike d@airgsin a‘ﬂéduét@béﬂngfbééﬂféﬁo%b% irf 14 i H8iaChRBH tHrol@RtRES| N9
size in dinension in plane 46-46 extends fromcentral portion 44 to

fixation Cdrﬁg@% tﬁ%gi&ﬁiatﬁéf'éd?” I@Laﬁ@fiﬁgg?l'rbgf%lg%%rr]rto"gparicﬂt-lﬁgel g _smoot h,

serrated or ges 80 as | I gures 117and 12. Snoot h,
serrated or_, tooth edge of fixati.on anps 38, separate if, necessary
pon f ol i rjeRRLS 58 kY e cerital BhriyH ARt ARG Boeniad ol | one | oL
26 to be inplanted in an eye 10 through a relatively small incision, such
as | ess thadermanenthnceenagtestppuien per sdge 3hof aRlig peitioa28nown to
those skilled in the art. The outer portions 36 which support fixation
cl anps 38 ragntralartomiiyhdsea dimemsiony irbplasd 46e46,dest ilustratga iny convex
surface 72 on the

Figures 3, 6 and 9, generally parallel to optical axis OA-OA, approximately

equal but preferably less than that of plane 48-48, best illustrated in Figures

2, 5 and 8, generally perpendicular to optical axis OA-OA. Each half of

haptic element 32 is resistant to being deflected or flexed in a direction

away from its other half due to each half being biased toward one another

in an arch-like design. A transition portion 50, of significantly decreasing

size in dimension in plane 46-46 extends from central portion 44 to fixation

clamp 38. Fixation clamps 38 include two interlocking smooth, serrated or

toothed edges 80 as illustrated in Figures 11 and 12. Smooth, serrated or

toothed edges 80 of fixation clamps 38 separate if necessary upon folding

IOL 26 as illustrated in Figures 4, 7 and 10. This allows IOL 26 to be

implanted in an eye 10 through a relatively small incision, such as less than

4.0 mm using surgical forceps or an inserter as known to those skilled in

the art. The outer portions 36 which support fixation clamps 38 may

optionally be slightly bowed to form a slightly convex surface 72 on the

10



10 WO 01/87188 PCT/ US01/ 14195 posterior surface 74 and a slightly concave
surface 76 on the anterior surface 78 of fixation clanps 38. Fixation

cl anps 38a@pesuptionally slightly bowed for ease of fixapCDUS@4n% atively
non- nobi | e peripheral edge 40 of iris 14. The subject 10.L 26 is preferably

produced h : ' IOB: ' I .0 mm but

pr ef er abl yﬁ%%gg%rrt&réeqe;’i ggh& taoalg.hﬁg Cﬁﬁ%‘ﬁ%&ﬁ%‘% %? §PZP%§P?P@F 5 min

di anet er and roxi pat el . 5 tg., 1.0 nm bu r ef er abl roxi mately
0.6 to 0. 5 SHARRT SELExiobr dampRyse. -2YAR PAMAR L S etanay T G al edge
30. Haptic elenments 32 extend in a relatively narrow arch-Ilike

confi gur at i Rewed forease fffixatipn entratativalytnoromgivile peripharsal edpe 46mfi | sur gi cal
i ncision and increase or decrease in length depending upon the dianmeter of

optic portiidea148. As the dianmeter of optic portion 28 increases, the
| ength of haptic elenents 32 decrease. Likew se, as the dianmeter of optic

portion 28 decr egh@ssubjétd |IOENE i8 ﬁ?éfe'ﬁétﬂ?i?‘?%deﬂ(%ﬁ‘é\ﬁng an dpfieRAch | N

general, haptic elenents 32 are forned approxXimately 2.6 to 6.0 mm

appr oxi mat oy SRPERARATAS b o tninE bt BreRRab R XpBE ARG ARG o ¢ e
bor 1 on_ 34 MhAnE B Areiapisd: Mok 1 dEmser ahd gBPARIEDY §-me Ko 10. 0
nm but preferably approxinmately 7.0 to 9.0 nm and nost preferably
appr oxi mat e1-§ mm¥)ﬁﬁprqi9&hlwaamr@mt§lys@-6dﬁ 0.Bmme@ngrmepst preferablyve  vaul t ed
arch-like configurations as illustrated in Figures 3, 6 and 9 to all ow
0.7 mm in thickness at peripheral edge 30. Haptic elements 32 extend in a
relatively narrow arch-like configuration for ease of implantation through a
relatively small surgical incision and increase or decrease in length
depending upon the diameter of optic portion 28. As the diameter of optic
portion 28 increases, the length of haptic elements 32 decrease. Likewise,
as the diameter of optic portion 28 decreases, the length of haptic elements
32 increase. In general, haptic elements 32 are formed to be
approximately 2.6 to 6.0 mm, but preferably approximately 3.4 to 5.0 mm
and most preferably approximately 4.2 mm in length measuring the cord of
the arc from the center of inner portion 34 to the center of its corresponding
inner portion 34. The overall diameter of IOL 26 is approximately 6.0 to
10.0 mm, but preferably approximately 7.0 to 9.0 mm and most preferably
approximately 8.0 mm. Haptic elements 32 on IOL. 26 preferably have
vaulted arch-like configurations as illustrated in Figures 3, 6 and 9 to allow
appropriate fixation to relatively non-mobile peripheral edge 40 of iris 14

while avoiding contact between the posterior surface 70 of optic portion 28
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appropriate fixation to relatively non-nobile peripheral edge 40 of iris 14
whi | e avoi di ng contact between the posterior surface 70 of optic portion 28
11 WO 01MBGa8871BCT/ USOL1/ 14195 and the nobil e portions 9 BETURIISI4195. A
vault of approximately 0.5 to 1.0 mm is preferred for central placenent of
| OL 26 between iris 14 and corneal endothelium4. Central portion 44 of
haptic el enment 32 is approxinately 0.5to 2 5 nn] but preferably

appr oxi mat €| m)st ref e

2bbr oxi mat A Biemp @l‘%pgﬂmﬂsa%tmarér T K —
and nost preferably approxi mtely mm i n thlckness i n plane 46-46 and
appr oxi mat df prefepreddpr gemtr! Rl%@e'ﬁﬁétf@fr@é-lgﬁbﬁwlﬂ Rd gorgegh 0. 7 nm and
nost preferably approximately 0.46 nm in width in plane 48-48. Transition
portion 50 erdaiipgliuom dneCentyal(pottiom44 .of haptic elmmentr3d israpigrgxiagielyxi mat el y
0.5 to 1.0 mm and nost preferably approximately 0.8 mmin |length. Fixation

cl anps 38 1.6 taRp5 mrhbligdrefdtaBly dppréxithaisly 1h0ito RITened akd Yn@dtpr oxi mat el y
0.4 to 0.6 mMmm and nost preferably approximately 0.5 mmin |ength and

appr oxi mat ghy fé}agﬁf 1.8 rfimdin18h tﬁuépp@&%&%ﬁééﬁm %h”ﬁﬁt%r\éf aE'Jlé/t 0 0.2 mm

and nost pre era appr oxi ma ely n thi'ckness i'n 46- 46 and

and %Lfaérﬁpggé@%%&p@?ig it B &S BRar o BT TR ik Sabalf &2,

clarrps 38 illustrated in Figures 11 and 12 are two re|latively small
i nterl ocki i Ci‘ﬁﬁﬁ 0 p'@@?r"&gﬁ a9H arpseXEwicly fge 0180 nems bR ¢"§b|YSecur e

fixation of 1OL 26 to relatively non-nobile peripheral edge 40 of iris 14.
approximately 0.3 to 0.7 mm and most preferably approximately 0.46 mm

in width in plane 48-48. Transition portion 50 is approximately 0.4 to 1.1
mm, but preferably approximately 0.5 to 1.0 mm and most preferably
approximately 0.8 mm in length. Fixation clamps 38 are approximately 0.2
to 1.0 mm, but preferably approximately 0.4 to 0.6 mm and most preferably
approximately 0.5 mm in length and approximately 0.03 to 0.3 mm, but
preferably approximately 0.1 to 0.2 mm and most preferably approximately
0.15 mm in thickness in plane 46-46 and approximately 0.05 to 0.5 mm, but
preferably approximately 0.1 to 0.4 mm and most preferably approximately
0.3 mm in width in plane 48-48. Fixation clamps 38 illustrated in Figures 11
and 12 are two relatively small interlocking smooth, serrated or toothed
edges 80 designed for secure fixation of IOL 26 to relatively non-mobile
peripheral edge 40 of iris 14.

As provided through the dimensions of IOL 26 above, haptic

elements 32 gradually change from being relatively thin in plane 46-46 at
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As provided through the dinensions of 10L 26 above, haptic elenents 32
gradual ly change frombeing relatively thin in plane 46-46 at 12 WD

01/ 87188 WRCI1/81384./ 14195 outer portion 36 to being rel ati perTyseii4tds at

i nner portion 34 and optic portion 28, with central portion 44 exhibiting
a dinmension in plane 46-46 that is near equal but preferably |ess than that
of the wwdth in plane 48-48 to achieve a low profile. Fixation clanps 38

of haptic el ements, 32 e, designed to maintain a constant conpression
force to rePygh P9rtiﬂr‘rﬁ&{oa%'ﬂerre%ﬂl"@b’é@'cﬁét Hlﬂ%él%“%ﬁi ApEi QrticRartiomer al

edge 40 of iris 14 for proper fixation of 10O 26. Fixation clanps 38 may
be fixated &% with gentyal gortiom 4dwxhikiting g dirpresiah ir glpnedB-dbithatise use of
common surgical forceps 90 or retractor 94. If 1OL 26 is nmanufactured with

a pl anar ornearrexual bueprfesably lessdhan that af thewidthippRBeats-48%6ri bed above,
two spaced free tips 92 of common surgical forceps 90 as illustrated in

Figure 13 asshigvesdowiptofiBe Hixticn@aeps 38 6ritpici demefits 9 afd xation cl anp

38. Handl es 100 of surgical forceps 9 are then conpressed in an attenpt

to bring frg Oléh‘?‘f tc?ﬁ\aiiﬁ’c%f?‘n &b@ﬁ%@nﬁé&ﬁh@s&y I fog?é){bereﬁagykgé%én@@ open the

conpressi ve ces tfromfree ndentati ons
of fi t'h,on clanmp

two interlockin oth, serrated or toothed edges 80 a

38. Alter na‘?'?(f‘@g Sg?ar?\@iy H%%‘&"?Qif% ‘?ﬁﬂﬂh&#aﬁ eo‘}daf’ irigsl¢ fQBQE%RFr)ﬁXﬁ @Rt ati ons
84 may be elimnated by placing two spaced free tips 92 of surgical
forceps 90 QQx2@r Fiationgéampy 38§may bedixgtad e relatvelnaondvadilessi ng t he

sane in an attenpt to bring free tips 92 into closer proximty to one
anot her. Theeripirgralesdges40 fwithcthe Useash dongraoh ispsgi€al forceps 90 or retractor

94. If IOL 26 is manufactured with a planar or more preferably a bowed
fixation clamp 38 as described above, two spaced free tips 92 of common
surgical forceps 90 as illustrated in Figure 13 are placed in the two spaced
indentations 84 on fixation clamp 38. Handles 100 of surgical forceps 90
are then compressed in an attempt to bring free tips 92 into closer proximity
to one another. The compressive forces from free tips 92 on indentations
84 serve to open the two interlocking smooth, serrated or toothed edges 80
of fixation clamp 38. Alternatively, the need to incorporate or to use spaced
indentations 84 may be eliminated by placing two spaced free tips 92 of
surgical forceps 90 on exterior edges 37 of outer portion 36 and
compressing the same in an attempt to bring free tips 92 into closer
proximity to one another. The compressive forces from free tips 92 on
exterior edges 37 serve to open the two interlocking smooth, serrated or
toothed edges 80 of fixation clamps 38. The open smooth, serrated or
toothed edges 80 are then placed on relatively non-mobile peripheral edge

13



exterior edges 37 serve to open the two interlocking snooth, serrated or

t oot hed edges 80 of fixation clanps 38. The open snooth, serrated or

t oot hed &dgess88s are then placed on rel atively non-nobi | ePOBUSQINEIE edge
13 WO 01/87188 PCT/ US01/ 14195 40 of iris 14. Once positioned on iris 14 as
described, conpressive forces are released fromspaced free tips 92 of
surgical forceps 90. The smpoth, serrated or toothed edges 80 of fixation

clanp 38 thereby. clos i nchin and/.or, .pi ercing relativel n nobi | e
per i phor al Bk Hisci; Oppe ogkORed B A scigrc Pefl odmhiksshie 18R | oned on
iris 14 by placing two free tips 96 of retractor 94 as illustrated in
Figure 14 i#fetgleasqe gﬁa@@ac%{r@ﬁttm%@f susgicghforeens Yon Top&mPdEB. The
handl es 98 of retractor 94 are conpressed in an attenpt to spread apart
free tips %erraibe oodoothedledgep @0 afdixbtion ekanp 86thémreby dogespifbhing

I ndentati ons 84 serve to open the two interlocking snooth, serrated or

t oot hed edgffd/8Ppietcihd ¥élativaly Hortipobife pémsleéraaédg/@haofirtse14leed to
i ncorporate or to use spaced indentations 84 may be elimnm nated by placing

f 9 t
por 1 on' 36 ALAaEIP IO 26haPaD Bosfiangt ol it 1 piRkinG BN . * 1
f f ti i nt d 37, t t.h

| nt or 1 ocki rep Shisartor pdlueRd ARG 3Rt ted idetittenps ss.
The open snpoth, serrated or toothed edges 80 are then placed on

rel ativel y 3fbADMBHPR clasmp SBerthe Rangleuds of retracion armeemprsiseddhed on

iris 14 as described, outwardly applied forces are released fromfree tips
96 of retracatiemptto maslmparhf,reeﬁps 8bed heroutwardiy cpptied: foreés &bnf i xat i on

el amp free tips 96 on indentations 84 serve to open the two interlocking smooth,
serrated or toothed edges 80 of fixation clamp 38. Alternatively, the need
to incorporate or to use spaced indentations 84 may be eliminated by
placing free tips 96 of surgical retractor 94 within interior edges 39 of outer
portion 36 and compressing handles 98 to spread apart free tips 96. The
forces from free tips 96 on interior edges 37 serve to open the two
interlocking smooth, serrated or toothed edges 80 of fixation clamps 38.
The open smooth, serrated or toothed edges 80 are then placed on
relatively non-mobile peripheral edge 40 of iris 14. Once positioned on iris
14 as described, outwardly applied forces are released from free tips 96 of
retractor 94. The smooth, serrated or toothed edges 80 of fixation clamp
38 thereby close pinching and/or piercing relatively non-mobile peripheral
edge 40 of iris 14. When the subject anterior chamber iris fixated IOL 26 is
used as a refractive lens, a stable, reliable refractive correction is provided

with minimal damage to delicate tissues within the eye.
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38 thereby close pinching and/or piercing relatively non-nobile peripheral
edge 40 of iris 14. \Wen the subject anterior chanber iris fixated IO 26
is usedve@ousmegractive lens, a stable, reliable refractpPewUSOrHeLtion i s
provided wth mninml danmage to delicate tissues within the eye. 14 WO
01/ 87188 PCT/ USO1/ 14195 The desired functional characteristics of I10OL 26
may |i kew se be achi eved or enhanced by incorporating a stiffening el enent
60, in the shapg of, a one of, e c elements 32, as
illustrated in %Qﬁﬁ'r%ds) tlpp@lﬂg%agtpg%ofdg)%@ g@é«'ﬁ? BRed in haptic
element 32 so that flat face 62 is oriented parallel to the dinension
48-48. Sti fadieyryl oeerivangedsly ingamarating astilenngalemenhfan the that of an
| -beamin construction to prevent inadvertent opening of fixation clanps
38. Stif f ershapectfendbboBlnionefarmert kdiptic ¢élements 82, 48 #ustmatediinl t han t hat
of 10OL 26. Suitable materials for stiffening elenment 60 include but are

not |imtemglee 60$Hﬂféhlﬁlg%lerﬁ§hb'60 Bidyse p@élﬁéhétﬁmﬁhéptlcnﬂébfféfnhst%ﬁes

pol yesters, nyI ons, netals or any bioconpatible material with suitable

stiffening th%Pﬂ%ﬂ%%Srézle'o?%nteﬁ ?érfaggl'tgqhé'dﬁﬁsﬁ&oﬁ%@é’. S

conjunction wt aptic elenmen escr ove or 1In cages where a

t hi nner hapt,ic Ls desired whi a Il ng_the desired

f uncti onal %ﬁ%&gﬁg fgg?ti'q{? 'nﬁjm?QBF'éS'Hﬂltaéh Lhaéaf (?%Er?@g’bf'rbduct i on of the
subject 1OL 26 include but are not |limted to foldable or conpressible
material s, GUEHUEYOR Y peayeat inasveRentopering o Bxatian elampsi Hbr ocar bon

pol ynmers, hydrogels, soft acrylic polyners, polyesters, polyam des,

pol yur et hane, si $iiffmm'eg etement 60 isiformed of a less flexible material than that of

IOL 26. Suitable materials for stiffening element 60 include but are not
limited to polyimides, polyolefins, high-density polyethylenes, polyesters,
nylons, metals or any biocompatible material with suitable stiffening
characteristics. Stiffening element 60 may be used in conjunction with
haptic elements 32 described above or in cases where a thinner haptic
design is desired while still achieving the desired functional characteristics.
Suitable materials for the production of the subject IOL 26 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. It is preferred that IOL 26 be of a bicomposite
material design whereby optic 28 and haptic elements 32 with the
exception of fixation clamps 38 are manufactured from a compressible or
foldable material such as but not limited to a silicone or hydrogel material
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hydr ophi i ¢ nononmer units, fluorine-containing polysiloxane el astoners and
conbi nations thereof. It is preferred that I1O. 26 be of a biconposite

mat eri al vdesei/gmssvher eby optic 28 and haptic el enents 32 wC€HUBHIg41%xCcept i on
of fixation clanps 38 are nmanufactured froma conpressible or foldable
material such as but not limted to a silicone or hydrogel material 15 WO
01/87188 PCT/US01/ 14195 such as but not limted to 2- hydroxyethyl

nmet hacryl ate (HE and. 6. dr oxyhex i.e.,

pol y( HEMA- c%“ﬁ@%‘?&q'm#‘gf?cé?‘é{&@% m@‘gﬁﬁﬁla?? gﬂ%ga; rranuf act ured
froma relatively nore rigid material such as but not limted to a

rel ativel y hystexyheyylmaforenyiate (HRbIE M AhyilemepolwdtEMAtco-HRNEXMEY). a
polyimde as illustrated in Figures 2, 4, 11 and 12 and described in U S
Pat ent Nos.|nsuth7a 484e, diatibn 2ANPHBS areauﬁrntjfactureprbfratreai réletiviy morei t s
entirety by reference. Alternatively, optic 28 may be manufactured froma

conpr essi b||¢glérmét@hdﬁ§m§h g8bat hef Ilrﬁité‘dltoié r@lblhvel?@ﬁoﬁe'riglcﬂ ﬂQdFdQeﬁ silicone or
hydrogel material, and haptics 32 and fixation ~clanps 38 may be

fact t | ted
RN act Ut bt RS e 1B ool B el Poriosat 11 e
opt1 ¢ por tibr “@“E%“@ A de iRn U S PaltN o i it LAna oo © & 1
approxi matel y 18 percent by wej ght, and high refractive index of
appr oxi nat efgchiingerporgigdcherein @r'@a@@ﬂemmhrq arences  Armativelyueptitud®r of

the eye, i.e., 1.33. A high refractive index is a desirable feature in the
product i on maybeLmanofacyredtfrar ghcampiesaibleontlidable imaterialrsuvhrasobutopt i ¢

not limited to a silicone or hydrogel material, and haptics 32 and fixation
clamps 38 may be manufactured from a relatively more rigid material

such as but not limited to a relatively more rigid hydrogel, PMMA or
polyimide. Poly(HEMA-co-HOHEXMA) is the preferred material for the
manufacture of the optic portion 28 of IOL 26 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 high refractive index, visual acuity
deficiencies may be corrected using a thinner IOL. A thin IOL, such as that
of IOL 26, is particularly desirable in phakic applications to minimize
potentially harmful contact between the IOL 26 and the iris 14 and/or the

corneal endothelium 4. Poly(HEMA-co-HOHEXMA) is also a desirable
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t hi ckness. By using a material with a high refractive index, visual acuity
deficiencies may be corrected using a thinner 10.. Athin IO., such as that
of ICL 28y0ons8ps8sticul arly desirable in phakic applicati oRETUSOIH4MISM zE
potentially harnful contact between the ICL 26 and the iris 14 and/or the
corneal endothelium 4. Poly(HEMA-co- HOHEXMA) is also a desirable 16 WO
01/87188 PCT/ US01/ 14195 materi al in the production of IO_s 26 due to its

mechani cal strength, which [taple t t hst.and onS| rabl e physi cal
mani pul at i oH3Y Wﬁ@\ﬂc’d&'g" E&k’ﬁ?gép%?ﬂ 'H%%h% G Strepadh W ‘F'bpertles
suitable for 10L 26 wuse. 1OLs 26 manufactured froma material possessing
good nenor yis §ytaplerto withsiard cassidatable phygiealynamimlationHBeWkEMAnT ol d in a
controlled manner in an eye 10, rather than explosively, to its

pr edet er m rm}HOiﬂEXMl&qi‘soheseiesmébllednemow propestieSsuitablen frdOLa28 e due to
potential damage to delicate tissues within the eye 10. Pol y( HEMA- co-

HOHEXMA) - al . hioL gD e wisiFadtured ﬁamahsateﬁhltﬂ&séyﬁné@ooalrﬁmw the
t eachi ngs of the present i nvention are pre erably appl led to soft or

f ol dabl e | of ! ial, the sane
may al so bgﬁ)&%ﬁ gél{&d?g{rh er cﬂ’p‘@ghﬁ F_Er?g\gs ]ed;@nerﬁéof a relatively
rigid materia as_PMVA hav Fehathf Brmed either of the
sane or a df9 'Ft@@ﬁtmﬂﬁ?%rrlpﬁn G&W'crab?ﬁrtt B eXRoSVENGIO B8 can be a positive
powered lens fromOQ to approximately +40 diopters or a negative powered
| ens from oPregetaippinesk shaiee| Fxplosive; lﬂ}f@lé!m ofdRLisGisrundssirablerdye &a
bi convex, piano-

potential damage to delicate tissues within the eye 10. Poly(HEMA-co-

-

HOHEXMA) also has dimensional stability in the eye 10.

Although the teachings of the present invention are preferably
applied to soft or foldable IOLs 26 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 PMMA having flexible haptics
formed either of the same or a different material.

Optic portion 28 of IOL 26 can be a positive powered lens from 0 to
approximately +40 diopters or a negative powered lens from 0 fo
approximately —30 diopters. Optic portion 28 may be biconvex, plano-
convex, plano-concave, biconcave or concave-convex (meniscus),
depending upon the power required to achieve the appropriate central and
peripheral thickness for efficient handling.

Optic portion 28 of the subject IOL 26 may optionally be formed with

a glare reduction zone 56 of approximately 0.25 to 0.75 mm but more

17



convex, piano-concave, biconcave or concave-convex (neniscus), depending
upon the power required to achieve the appropriate central and peri pheral
t hi cknessvé®o1/8a8§ i ci ent handling. Optic portion 28 of thePEDf&EC41950L 26
may optionally be formed with a glare reduction zone 56 of approximtely
0.25 to 0.75 nm but nore 17 WO 01/87188 PCT/ US01/ 14195 preferably
approximately 0.3 to 0.6 mm and nost preferably 0.5 mmin w dth adj acent

outer peripheral,edge 30 fqr, r ci | are when oyt er ri pheral edge 30
of 10L 26 i@reg‘?rﬁgg'lgwo?(mﬁ%?lyéﬁgg?P%”ﬂ?@ﬂa Wtiﬂﬁyeﬁ"f‘@}i Opf P@'ﬁt‘n or at ot her
times when pupil 58 is dilated. G are reduction zone 56 is typically

fabri cat ed Wld%’t‘ RejasgRbouter derinherad edge 30 fporadusingarawhenwutere  opaque,
roughened, textured, colored or patterned in a conventional manner to

bl ock or dipénpheral efdge 80 opl@E6vis strucpby dight entesn@éyer0 davingdigh | OL 26 may
be nol ded using a renovable nold as known to those skilled in the art or

may be manuigtionae Bt ti‘rﬁéﬂvhéh%?ﬂi%(?ts@iléfé‘él. GlapsredUBRbAR 7oAk 58 ischoi ce as
described in U S. Patent Nos. 5,217,491 and 5, 326,506 each i ncor porated

h inin igs; ' f 6 : b ihned f h
ot or i al i YBioE; ATOMO of (e Mnatbfit dontTHodiR 20 Bul BRYIRET 1 r bt e
.conventi gnal, nmet hod known

Fo those sKTadie. rougies, fSRyRd cRFeLpr petoredis AfsEHenfosle 10 by
creating an incision in cornea 12, inserting IOL 26 in anterior chamber 6,
pi nchi ng andaspeptodhlerkgr difeisatlightinplase withoptisahaxis ShQA. edge 40 with
fixation clanps 38 and
Subject IOL 26 may be molded using a removable mold as known to
those skilled in the art or may be 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. I0L 26
may then be machined from the material discs in a conventional manner.
Once machined, IOL 26 may be polished, cleaned, sterilized and packaged
by a conventional method known to those skilled in the art.
The subject IOL 26 is used in eye 10 by creating an incision in
cornea 12, inserting IOL 26 in anterior chamber 6, pinching and/or piercing
relatively non-mobile peripheral edge 40 with fixation clamps 38 and
closing the incision in accordance with methods known to those skilled in
the art.
IOL 26 of the present invention provides for a refractive lens suitable
for use in anterior chamber 6 of eye 10. IOL 26 has haptic elements 32
with functional characteristics that minimize or eliminate axial displacement

along optical axis OA-OA of eye 10 and lens contact in the angle 7 of
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closing the incision in accordance wth nmethods known to those skilled in
the art. 1OL 26 of the present invention provides for a refractive |lens
sui tabl ew®orsuse in anterior chanmber 6 of eye 10. | OL 26PGERISHMZRLISC
elements 32 wth functional characteristics that mnimze or elimnate
axi al displacenent along optical axis OA-QA of eye 10 and |lens contact in
the angle 7 of 18 WD 01/87188 PCT/ US01/ 14195 anteri or chanber 6 thereby
preventing e ti sue such s.the tr becular meshwor k

d 1 1
et L he A3RREEs SnbSt b EreEny Prevaningaiamags i, Sidie eye 185ies SURLL s onl

characteristics described herein is also advantageous because one or a few
| ens si zes @wuthedhrleqgular meshwerk bf anddhe C@ﬂ”@@ée@d%@l"ﬂms‘} t [@n26f attachnent
toiris 14 may be varied slightly. By providing a "universal" |ens such as
t hat of thehauieg the spenibnfunetionall characteristicssdescribed dtereintis athoe t o

i nproperly sized lenses for angle 7 are mnimzed. Likew se,

nmanuf act ur esdvanm@gsbustbsdRBecshd 618 fa 1sRY8IzSd SG@itablIPTif éyeLY8of Riost MANY
sizes is elimnated, thus reducing production and inventory costs

associ at ed g;hes g gwgégj (@?\Mﬁg&h% S £ @F%ﬁgérﬁigﬁm@bjapt IOL 26 in

that tine is save mnatlng t need patient's

I «and h
vent or | eSoBriag 5 ARvefTo3nEREe S A TS 6% o

herein certain specjific enbodinents of the present invention, it will be
mani f est t 1KEISPaNtS dep torIMpIRECHy Sizeddensat fob a8aleh re muRinszed. .may be
made w t hout departing fromthe

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 26 in that time is saved by eliminating the need to determine each
patient’s particular 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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spirit and scope of the underlying inventive concept and that the sane is
not limted to the particular forns herein shown and descri bed except

i nsof ar agobnsgtiteat ed by the scope of the appended cl ai ns. PAPUSD/19587188
PCT/ USO01/ 14195 We claim 1. An anterior chanber iris fixated intraocul ar
lens to be inplanted within an eye generally perpendicular to the eye's
opti cal axis conprising: an outer peripheral edge defining an optic
portion, or nDre haptic el ements permanently connected to the outer
perlpheral &U@ Mnd an iris fixation clanp formed in a peak of each haptic
el ement, whereby the iris fixation clanp separates to allow for fol ded
inplantation of the lens through a relatively small incision. 2. The
intraocular lens of claim1l wherein the haptic elenents and the optic
portion are bot hifor n&Rd amterorfchatatidrdriofixatedpntescsutdrdens®d bei al . 3. The
intraocular lens of claim1l wherein at |east a portion of the haptic

el ement s an%mé\ﬂeammnmréyﬂger%@w Péfﬁé%dfdu@ameltﬁé%sfe@q)pﬂ&atéspsa' s. 4. The

intraocular lens of claimT erein haptic el enents the fixation
cl anps and é&ﬁpﬁ’sﬂﬁbg portion are formed fromdiffering materials.

an outer peripheral edge defining an optic portion,

two or more haptic elements permanently connected to the outer
peripheral edge, and

an iris fixation clamp formed in a peak of each haptic element,
whereby the iris fixation clamp separates to allow for folded implantation of

the lens through a relatively small incision.

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

material.

3. The intraocular lens of claim 1 wherein at least a portion of
the haptic elements and the optic portion are formed from differing

materials.

4. The intraocular lens of claim 1 wherein the haptic elements,
the fixation clamps and the optic portion are formed from differing
materials.
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20 WD 01/87188 PCT/ US01/ 14195 5. The intraocular lens of claim1l wherein
the fixation clanps are fornmed froma nmaterial relatively nore rigid than
t hat of ™We@ooptBE portion. 6. The intraocul ar | ens of claPaT/USeiI®s n t he
fixation clanps are fornmed froma material relatively nore rigid than that
of the haptic elenments. 7. The intraocular lens of claim1l wherein said

| ens optic portion is formed froma material selected fromthe group

consisting of silico pal yner s, hydrqcarhon and f1 yorocarbon pol yners,
hydrogel s, soft %cr yImiFEe "ﬁfﬁv%ﬁliﬁ’é‘?“%i%f@@%‘e ﬁ%{@lf&@#&@ﬁ?" gﬁ’?@?@f%ane,
silicone polyners with hydrophilic nmononer units, fluorine-containing

pol ysi | oxarferapd ftasmer matgitpl relatitalymare migid thandbat obthepdicipariiecul ar | ens
of claim1l wherein said lens optic portion is formed froma hydrogel

material. 9. The intraocular lens of claim1l wherein said |lens optic
portion is fornmed froma hydrogel material which is 18 percent by wei ght

water. 10. The i@t raoThb Mtrdcifardéns bpélfind 1 WAesBImthedixatibR tfarAps bfe POrti on
is formed from pol y( HEMA- co- HOHEXMA) with the exception of the iris

fixation cl w®ehh /87188
PCT/ US01/ 14 g@eaclf%m%héél na?géc;%tlj alt Hdg%tsrﬂgcff%ngthgnt Rﬁ\hﬁ\ﬁgg '% said lens optic
portion is élgrrnré%gsfrom a material having a refractive i ndex above 1.33.

7. The intraocular lens of claim 1 wherein said lens optic portion
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.

8. The intraocular lens of claim 1 wherein said lens optic portion

is formed from a hydrogel material.

9. The intraocular lens of claim 1 wherein said lens optic portion

is formed from a hydrogel material which is 18 percent by weight water.

10.  The intraocular lens of claim 1 wherein said lens optic portion
is formed from poly(HEMA-co-HOHEXMA) with the exception of the iris
fixation clamp formed from polymethylmethacrylate.
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12. The intraocular lens of claim1 wherein said |lens optic portion is
formed froman acrylic material. 13. The intraocular lens of claim]l
wherein 30 di/8ass optic portion is fornmed froma siliconeChEseri4ads. 14.
The intraocular Iens of claiml wherein said haptic elenents are

di rensioned to be smaller in a plane generally perpendicular to the eye's
optical axis than that in a plane generally parallel to the eye's optical

axis. 15. The injyao ar lens,of claiml1l wherein a.qglare reductjon zone
is forned adj aceH' tg"']ilgq;]g\t@ﬂcglarég?q %‘lh‘g]?'QT' 1@@@35\‘3@'8@%‘??@ RRItieNon. 16.
The intraocular lens of claim1 wherein one or nore of said haptic

el ement s i rglfodeed frost amaigriakhavirgrerefraetivenigdex gbeve dr33.esi st ance to
bending in a plane generally perpendicular to an eye's optical axis than in

a plane generally parallel to the eye's optical axis. 22 WD 01/87188
PCT/ USO01/ 14195 17. The intraocular lens of claim1l wherein the haptic

el ement includesiz stThé aittdt@uRlrambsf Same dvidraM Said iy dpdc &rtieRt ed from
the group consisting of polyinm de, polyolefin, high-density polyester,

nyl on and ; ganuf acturing the intraocul ar | ens of
id8bRhed %n} é\g m%wngn%%gEP

claiml conprising: "of one or nore suitable materials, and
machi ning said | ens fromsaid disk.

13. The intraocular lens of claim 1 wherein said lens optic portion

is formed from a silicone material.

14.  The intraocular lens of claim 1 wherein said haptic elements
are dimensioned to be smaller in a plane generally perpendicular to the
eye’s optical axis than that in a plane generally parallel to the eye’s optical

axis.

15.  The intraocular lens of claim 1 wherein a glare reduction zone

is formed adjacent to the outer peripheral edge of the optic portion.

16.  The intraocular lens of claim 1 wherein one or more of said
haptic elements includes a stiffening element having a greater resistance to
bending in a plane generally perpendicular to an eye’s optical axis than in a

plane generally parallel to the eye’s optical axis.
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19. A nmethod of manufacturing the intraocular lens of claim1 conprising:
nol ding said |l ens of one or nore suitable materials in a nold, and
renovi ng veaondsiiems from said nold. 20. A nmethod of using péwUSeagscul ar
|l ens of claim11l conprising: creating an incision in a cornea of an eye,
inserting said intraocular lens in an anterior chanber of said eye, and
securing said intraocular lens within the anterior chanber. 23

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

metal.

18. A method of manufacturing the intraocular lens of claim 1
comprising:
forming a disk of one or more suitable materials, and

machining said lens from said disk.

19. A method of manufacturing the intraocular lens of claim 1
comprising:
molding said lens of one or more suitable materials in a mold, and

removing said lens from said mold.

20. A method of using the intraocular lens of claim 1 comprising:

creating an incision in a cornea of an eye,

inserting said intraocular lens in an anterior chamber of said eye,
and

securing said intraocular lens within the anterior chamber.
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