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FI ELD OF THE | NVENTI ON The present invention relates to intraocul ar |enses
(10OLs) amdoai/smet hod for making and using the sanme. Mre parwseud4ss?y, the
present invention relates to anterior chanber iris fixated | O.s desi gned
primarily for refractive correction in phakic eyes where the eye's natural
|l ens remains intact. BACKGROUND OF THE | NVENTI ON Vi sual acuity
deficienci es such as nyopia (nearsightedness), hyperopia (farsightedness),

presbyopi a (age-rel ated farsjgitEsR EE)IRéSWZEﬁ (absence of the
grr

crystalline |l ens of the eye) [ egul ar conformati on of
the cornea of the eye) are typi gﬁ é@gg éﬁﬁ t hrough the use of

refractive | enses such as spectacles or contact |enses. Although these
types of lenses are effective in correcting a wearer's eyesight, many
wearers consi der the | enses inconvenient. The | enses nust be |ocated, worn

at certain i5kd3 OF ERbVBYENTIQN cal |y and may be |ost or misplaced. The

| enses may al so be dangerous or cunbersone if the wearer participates in
athl etic activi t The poesentirfventionrelatessiotintraoeulapikases @@Ls) thd eyes. 1

method for making and using the same. More particularly, the present
invention relates to anterior chamber iris fixated 10Ls 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.



WO 01/87182 PCT/ USO01/ 14587 The use of surgically inplanted anterior
chanber I OLs as a permanent formof refractive correction has been gaining
i n popul avooys71BOL i npl ants have been used for years in paEUantEs$7Or or
posterior chanber of aphakic eyes as replacenents for di seased natural
crystalline | enses that have been surgically renoved fromthe eyes. Mny
different 10OL designs have been devel oped over past years and proven

successful for u [ ] I signs to date

i mar i1y i nel udbigee SRR Ean e ari SRR e BEs 3R 00 a hapti cs.
connected to and rrounding_ .at | east rt ,of the .optic portjon. The

hapti c portﬁ)%rﬁ'%arbqnﬁg?lml] fef&a%é“’aégrf&ﬁé%ﬁﬁas?&ﬁB&aﬂ“'P. @Bﬂg‘i"@”{%ﬂg'ﬁn of the
IOL in the | ens capsule, anterior chanmber or posterior chanber of an eye

once i npl antlantsdiaverkean vsedier yeaes in the @nieninhas pesteriorehenthesofa vari ety

of bioconpatible materials, ranging fromnore rigid materials such as
pol ymet hy| naphekic eyes as reppemeontsior diseased matdabsiystallineleasesttmtcapabl e
of being fol ded or conpressed such as silicones, certain acrylics, and

hydrogel s. Wi beeweutdicully reindved fidvhhd ayes bRRimy difereft KBPAeaigAky from
the optic portion and later connected thereto through processes such as
o7 53l P LBOSBRRAOheF PEE ey BB BLLERURPB RS, Do
o e oo BLES, ril Sf@esbfd oL d8bigRs to RIS plitBHly hGutie'an "2ve 92! ned
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
polymethyimethacrylate (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.

Softer, more flexible IOLs have gained in popularity in recent years

due to their ability to be compressed, folded, rolled or otherwise deformed.



due to their ability to be conpressed, folded, rolled or otherw se
defornmed. 2 WD 01/87182 PCT/US01/ 14587 Such softer I OLs nmay be deforned
prior towasestson thereof through an incision in the corarasSail4837 eye.
Following insertion of the IOL in an eye, the I10OL returns to its original
pre-defornmed shape due to the nenory characteristics of the soft material.
Softer, nore flexible IO.s as just described nay be inplanted into an eye

th h hNGL S (I . i . tQ.3. 2 t han t hat
necesear y 1 SE SR8y I maR o WetorRER biBLtq ysErtpiherelt tipfal Hnc ot on | s
necessary for, pore rigid | OLs because, the |lens nust b Ii_r,lserted t hrough an
nci si on’ i iNEISOLBAERONSYAL 7 oVar fONoWINGRSEHian Gthe oL & arever of t he

inflexible |O. optic portion. Accordingly, nore ri%d | OLs have becone
| ess popul dheilPLs neturparte dis ofiginal prerdgiarmedghapetise e memery ound to be

associated wth an increased incidence of postoperative conplications,
such as i nachewdciasisticsref thersoftAnatarial. OSoften Inotecflaxitiie |00t msgodtt er and nore
rigid 10O.s positioned wthin the angle of the anterior chanber of the eye

are subj ectdésrribedmag beiivpldres fto ansyecthrOugH 88 iftidieh tRsas mudner eof ,
which typically occur when an individual squints or rubs the eye. Such
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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 IOL implantation, both softer and more rigid IOLs 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 IOLs 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

tend to cause movement of the |IOL haptics and axial displacement of the

IOL along the optical axis of an eye. Haptic movement and broad haptic

contact in the angle of the anterior chamber of an eye has the potential to



tend to cause novenent of the I OL haptics and axial displacenent of the

| OL along the optical axis of an eye. Haptic novenent and broad haptic
contact iwobhg7isngl e of the anteri or chanber of an eye haBCTAsop@sEnti al to
3 WD 01/87182 PCT/ US01/ 14587 cause danage to delicate structures within

t he eye such as the peripheral corneal endothelium the trabecul ar
meshwor k and/or the iris. Mowvenent of an 1OL along the optical axis of an

corneal endihel vaTAae 1§ RS syt wihh RLA SRS SRR, T oL e or
current designs,, whether formed.of either softer or nore rigid materials,
tend to def?%@Féh?'}ffﬂjn?lﬂgno‘}s‘gﬁﬁ%hec&%@n%ﬁhwﬁ aé@tzorvghgr\”%h@{%gmqnés are
compressed. | OL manufacturers provide a wide range of ICL sizes to nore
preci sel y fofan Qs alangdiierpniisat s phan syeihasithe pojential to eause e I@llng a wi de
range of IOL sizes is an attenpt to mnimze the potential for haptic

conpr essi ortoacahtattarasdamage ¢k deriicite dcorpEah eadethiclialf celltlager dlitheplyec al ong
the optical axis of an eye. Because of the noted shortcom ngs of current

| OL desi gnsAlsbhanglei positiorizeld®Lissf ouplank HesignRs, Whetkief fariieds ofditHehanber | OLs
designed to elimnate haptic contact and novenent in the angle of the

ant eri or Ch@dﬂé‘?grq"gﬁesnﬂi% ﬁ%{gﬁﬁrsaf@nﬂ' to%e?l@b?&lﬁgg%% BPtiééleaﬁs%f gptic portion

along the optic e eye when conpre orces are exerted
ﬁg%g;;t t Cm-e@ﬁqu\%{ﬁrgﬂZlqg'ﬁ%ptiéshggeeggmprB sgclj.i IrBLnr%tainﬂgac?lTrelrsOﬁlrosvicpea tvsi/i e and optic
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 |IOLs designed to eliminate
haptic contact and movement in the angle of the anterior chamber and
eliminate axial displacement of the 10L 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.



angl e and anterior chanber respectively, nore certain refractive correction
may be achieved and the risk of delicate tissue damage may be reduced. 4 WO
01/ 87182 WAC#1/81882/ 14587 SUVMMARY OF THE | NVENTI ON An i nj eRCER@/@ns7er i or
chanber iris fixated intraocular lens (IO.) nade in accordance with the
present invention has an optic portion with an outer peripheral edge and
two or nore but preferably two, three or four haptic elenents for

supporting $@ﬁ’/|l\9RRiYCOPOﬂIIEQIEVErNﬁOWt ient's eye. Two, three or four haptic

el enents are preferred in the present invention to provide a bal ance

between 1 OL stabjlity a m.ni.m zed points. of fixatiaon pn iris. Alens
havi ng two hapti nwéﬁgﬁﬁasar?t ”85?'31?{888" 'S'F%B(?M'Pf@gﬁﬁﬁfl%q%ﬁwﬁb one haptic
el enent formed on one edge of %he optic portion and the second haptic

el enent forRg e&haﬁ?PrgﬁBg@"\ﬂ@ Gdﬁeg@"tt'%\é‘arﬁ@@i has) epic portion Wit aRavi ng
three haptic elenments is balanced or stabilized preferably by having two
spaced haptouteeperipheral edgerand dwoananeredautgirefienably pvo cthpee or four and t he
third haptic element formed on an opposite edge of the optic portion for

ease of pasisggie dlomenthforisupporingethe optit @ontidn ned patient!seeyie. Twy,i ng three
haptic el ements may be bal anced or stabilized by having each of the three

haptic el e%%éo?fbﬂrﬁygﬂig%Zc[ﬁﬁgnt%ré?é!b‘ﬂek%{iﬂﬁrtﬁ?eﬁ‘%%n@fn fon@ptic portion.

A |l ens having four enents i's preferab al anced or stabilized by

having two segtRth BRNCE pehiEER 1AL 'SLALTRY aPa RiffinR8%Pts'dH fixation on

the iris. A lens having two haptic elements is balanced 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 preferably 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 for ease of passage through an inserter. Alternatively, a lens
having three haptic elements may be balanced or stabilized by having each
of the three haptic elements equally spaced around the periphery of the
optic portion. A lens having four haptic elements is preferably 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 for ease of passage through an inserter. Alternatively,
a lens having four haptic elements may be balanced or stabilized by having

each of the four haptic elements equally spaced around the periphery of



optic portion and two spaced haptic elenents formed on an opposite edge of
the optic portion for ease of passage through an inserter. Alternatively,

a |l ens havongsfieur haptic el ements may be bal anced or stabCTgedi4887 havi ng
each of the four haptic elenments equally spaced around the periphery of 5
WO 01/87182 PCT/ USO1/ 14587 the optic portion. Each of the haptic el enments
on the optic portion is preferably of arcuate elongated or plate-like form

desi gned t I i I conpressed
for inpl an?t gt% [ %@Wt@?‘e’ﬂéﬁvﬂ"m’.fﬁﬁe Q%B{e'éé'eﬁ‘ﬁér'gﬁgﬂ tQQrol cﬁlgtp ?\E@fr@{s’s mal | incision
preferably usi I nserter. Each haptic.,elenment is nufact ur with an
at t achnent @rﬁé‘%ﬁﬁ};&%PE?%%!BP?S‘?&R@%%%"& fgﬁn(gi@lsbqnegft@@llgwdﬁﬁﬁ i on

t hereof for, ease i,P fsgfqlgell)( attaching the same on the anterior surface of
the iris oftohe e5dly fleidad. sellachand/pr gpmpresseddar inplariatinndhaneof within port i on
opposite the outer free end portion. The inner portion of the haptic

el enent is @ evethaoughsoraiaiiedyismall ingisionpeefesably usingrardinsetter.t he out er

peri pheral edge of the optic portion of the [OL. Each haptic el enent

i ncl udes a Eactahaptic elemgntfis nmarifactursdohith be =ttdchatumapesnes ture fornmed in
the outer free end portion or a fixation clip extending fromthe

at tachment &@%@Bf}ﬁc_enﬁééd e o@r ﬁjeéngﬁia%g?ﬁ itl?@fbb%r e‘éls%@ﬁ séél‘ﬁ’egfs | gned

to secure the IOL"wWithin the anterior of an eye by secur€ly
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haptic elements also has an inner portion opposite the outer free end
portion. The inner portion of the haptic element is preferably connected to
or integrally formed with the outer peripheral edge of the optic portion of the
IOL. Each haptic element includes a fixation clamp fitted through the
attachment aperture formed in the outer free end portion or a fixation clip
extending from the attachment aperture. The fixation clamps and fixation
clips are designed to secure the IOL within the anterior chamber of an eye
by securely 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.



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

I ntraocul ar | enses for use in aphakic and phakic eyes. Another object of
the presewmooi/smention is to provide intraocular |enses fpeT/ws@/i4m7aphaki c
and phakic eyes, which elimnate anterior chanber angle contact. 6 WO
01/87182 PCT/ USO01/ 14587 Anot her object of the present invention is to
provi de intraocul ar | enses for use in aphakic and phakic eyes, which
mnimze axi al [ es along the
optical axis of thémegge?é?kfﬁ{ é&ggﬁghg%twMB%?@Q%H}F?A&@@t|on is to
provi de int raocu hat, al l.ow for increased ease of inplantation

t her eof . HSPﬁ%\Q‘ thHS(?c'F a&?‘na#?earhir é@%‘ﬂ? eV‘ﬁ%’H‘E'F%ﬁ“'PE“‘F% aﬁ}%w de intraocul ar
| enses that allow for inplantatign using an inserter. Another object of the
present i ndfplagament thhmm CROTHIARS astirm lgpses alongdhe eptigalaxisnobikaki ¢ and
phaki c eyes, which mnimze danage to tissues in the interior of the eyes.
Still anot heyesobj ect of the present invention is to provide intraocular

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

other obj ect i vesAnsthepdbott o0t freséhiEinpesticnis to Previdé itraoctre of whi ch
are specifically described and others that are not, wll

lenses that allow for increased ease of implantation thereof.

Another object of the present invention is to provide intraocular
lenses that allow for implantation using an inserter.

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 intraocular
lenses, which are resistant to decentration within the eyes.

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

follow, wherein like features are designated by like numerals.

BRIEF DESCRIPTION OF THE DRAWINGS
FIGURE 1 is a schematic representation of the interior of a phakic
human eye including a natural lens and a refractive IOL implanted in the

anterior chamber of the eye;



beconme apparent fromthe detail ed description, draw ngs and clai ns that
follow, wherein |like features are designated by |ike nunerals. BRI EF
DESCRI PTVGNoB71FHE DRAW NGS FIGURE 1 is a schematic repreBenvati/mss7of the
interior of a phakic human eye including a natural lens and a refractive
IOL inplanted in the anterior chanber of the eye; 7 WO 01/87182

PCT/ US01/ 14587 FIGURE 2 is a plan view of an IOL with two haptics made in

accordance with ent nventi n: EIGURE 3 |s side view of the IO
of Figure 2; FI &l@@éeé'saaBagnv'?/‘{"é\%/agflgé'nw'ﬁﬂl”‘%\b?ﬂﬁf%m@g ®H8ptics made in
accordance wth the present invention;, FIGURE 5 is a side view of the QL
of Figure Acoordange W‘tmh%Pfﬁsﬁﬁ't!ﬂV@W'%’ an 1OL with four haptics made in
accordance with the present invention; FIGURE 7 is a side view of the QL
of Figure 6; FI CEJQIJIREi&iS@SidBI\ée\g@dtlmkﬁLofEigum 2t he fixation clanp of the
IOL of Figure 2; FIGURE 9 is an enlarged side view of the fixation clanp
of Figure 8 FIIGREREQ issa plapi view ©f anl Ot awith tHrab heiptivs piaddin haptic

el enent of Figure 5 taken along line 10-10;

accordance with the present invention;

FIGURE 5 is a side view of the 10L of Figure 4;

FIGURE 6 is a plan view of an IOL with four haptics made in
accordance with the present invention;

FIGURE 7 is a side view of the IOL of Figure 6;

FIGURE 8 is an enlarged plan view of the fixation clamp of the IOL
of Figure 2;

FIGURE 9 is an enlarged side view of the fixation clamp of Figure 8;

FIGURE 10 is a side cross-sectional view of the haptic element of
Figure 5 taken along line 10-10;

FIGURE 11 is a perspective view of a surgical forceps;

FIGURE 12 is a perspective view of a surgical retractor;

FIGURE 13 is a plan view of an 10L with two haptics made in
accordance with the present invention;

FIGURE 14 is a plan view of an |0L with three haptics made in

accordance with the present invention; and



FIGURE 11 is a perspective view of a surgical forceps; FIGJRE 12 is a
perspective view of a surgical retractor; FIGJURE 13 is a plan view of an
IOl withwowi/smptics made in accordance with the present peavestivass7 Fl GURE
14 is a plan view of an ICL with three haptics nade in accordance with the
present invention; and 8 WO 01/87182 PCT/US01/ 14587 FIGURE 15 is a plan
view of an IOL with four haptics made in accordance with the present

o/ ol e aiagr 2Oy B/ ed Unbl A i R o vl 10

t he i npl ant atloa of a |tntraocul ar gns of the present invention. Eye 10
i ncl udes arfGR %%ﬁ'q‘ﬁ)’ I%%Pr?ﬁﬂnﬁgﬁ’ef OBnd an iris 14 with a relatively

non- nobi | e peri pheral edge 40. A natural crystalline lens 16 and a retina
18 are located behind iris 14 of eye 10. Eye 10 also includes anterior
chanmber 6 with angle 7 located in front of iris 14 and a posterior chanber
8 | ocat ed HBEWAHEDDESCRIRRIOMQRITHE INENTBONAN | OL 26, such as that of
the present invention, is preferably inplanted in anterior chanber 6 to

correct refractIr«'@uﬁéwru:‘stnafreé@shﬁpﬁﬁém/duagtamarah@yé fbsticgmgns in place
(phakic application). However, |OL 26 |ikewi se may be inplan I n

anterior Chéﬂﬁﬂar@sﬂﬁcﬂ?&@@l@vﬂ% tl’{g‘ﬁﬁ@aﬁféﬁoﬂ%‘éhq}wtréc?&ﬁanlﬁng%?ﬂj?c,?en

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 also includes an optical axis OA-OA that is an imaginary
line that passes through the optical center 20 of anterior surface 22 and
posterior surface 24 of lens 16. Optical axis OA-OA in the human eye 10 is
generally perpendicular to a portion of cornea 12, natural lens 16 and retina
18.

The IOL of the present invention, as best illustrated in Figures 2, 4,

6 and 13 through 15 identified by reference numeral 26, is designed for



renoved. Eye 10 also includes an optical axis OA-OA that is an i magi nary
line that passes through the optical center 20 of anterior surface 22 and
posteri owQ@ur8A8E 24 of lens 16. Optical axis OA-QA in t herChusenm4687e 10 i s
general ly perpendicular to a portion of cornea 12, natural |lens 16 and
retina 18. The IOL of the present invention, as best illustrated in
Figures 2, 4, 6 and 13 through 15 identified by reference nuneral 26, is

desi gned fo 01/.87 . PCT/ US01/14587 ..inplantation in.anterior chanber
6 of a pati@fgaéﬁgg%éﬁﬁé?e%‘mgﬁam%gr g)fﬁs ﬁ%t'eq%a%ﬁ%qw ?Y%1bortion 28
wi th an outer ri pheral edge 30. Preferably integrally fornmed on

peri pher al @gggmscﬁ“ epliG BOrYgNZSwith gnguter pelipheralgade 3t preferably two,
three or four separate arcuate elongated or plate-like haptic elenents 32.
Each hapt i cPesiferably integraly fermeicaen perpheral etiger 80af optio gortpmr 28 are 34 and an
outer free end portion 36. Inner portions 34 of haptic elenents 32 are

preferably twit egmare put preferably two, dmée grabopssptrbtie sRUBRCEIBAgARIMH er
peri pheral edge 30 of optic portion 28. Alternatively however, inner

por L ons 3pigfe-fiRPhapticbRARNS 332 EBeh ticHIbMERPd2 OnPRUMCRRK O 28 b

st aki ng, chem cal polynerization or ot _ ods known to those skilled
N R TR R VA R S
engage rel aézi \6F Mpt?cogl_e%ogr{tls %ZOalffteeprrei%er}égl? ?r?téS}any 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 free end portion 36, a fixation clamp 38 or alternatively a

fixation clip 39 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 or fixation clips

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

of IOL 26 is desired to avoid haptic element 32 contact and damage to

delicate tissues within angle 7 of eye 10.

The required functional characteristics of haptic elements 32 to

maintain adequate compressive forces on iris 14, are achieved through the

10



edge 40 of iris 14 in anterior chanber 6. In accordance with the present

i nvention, 1OL 26 is held in proper position in anterior chanber 6 through
const ant wonpsasxsi ve forces exerted by fixation clanps 38Por/uléxassron clips
39 on relatively non-nobile outer peripheral edge 40 of iris 14. Iris
fixation of IOL 26 is desired to avoid haptic el enent 32 contact and
damage to delicate tissues within angle 7 of eye 10. The required

functi onal s f bc ele nt 32 .t | guat e
conpr essi veﬁﬁgpg %@r{' °f0 Id‘a?é hggmrg% ‘P.'?Qﬁ?ﬁﬁ h@ng EB“ /87182
PCT/ US01/ 14587 esign thereof 1OL 26 has arcuate el ongated haptic
el enents 32388 A@Sf’rﬁﬁﬁgmrﬂew i% Grilgangk 19 or plate-Hke hapticelamentsB&-as ke hapti c
elenents 32 as illustrated in Figures 4 and 14 each forned with a suitably

si zed at t acHusinateddpdigures 4and héeechfomgd with-easuitablycsiaegp attaghment ch ar e
positioned through suitably sized attachnent aperture 44 either before or

after |OL 2@pentwmléb¢ltmethrot‘(rjgﬁ hFixation eleenpd38,i witith &ee positibne@r | ocki ng
snooth, serrated or tooth edges 80 as best illustrated in Figures 2, 4,

6, 8 and 9. thriBEH Buitalsif sizabest ﬁé?ﬁ%?@ﬁu?@g@%gﬁ%r Blfobd & éﬁé’i”ICYL JgPs 38 may

be separated or~ spread apart ong pl ane y 1 nser |ng t1ps 92 of

g el ;sgﬁ@@@dsmw S, e S Sdand St ele gl o2 B2
ﬁgﬁg: 22 82 q%ﬁ%rfe%g% ea% E tbest ﬁlﬁs’[glfgte%fmrFeé&r%gtzor 908Ve\1nntdh9 asrn%ro%r? moving
serrated or toothed edges 80 of fixation clamps 38 may be separated or
spread apart along plane 48-48 by inserting tips 92 of surgical retractor 90,
illustrated in Figure 12, within interior edge 83. Interior edge 83 defines
center aperture 50 of fixation clamp 38. By then opening or spreading
apart tips 92 of retractor 90 with a force moving handles 94 into contact
with one another, smooth, serrated or toothed edges 80 are opened.
Alternatively, smooth, serrated or toothed edges 80 of fixation clamps 38
may be separated or spread apart along plane 46-46 in a shearing mode
using similar surgical tools and techniques. Likewise smooth, serrated or
toothed edges 80 of fixation clamps 38 may be separated or spread apart
by placing spaced tips 98 of
surgical forceps 96 as illustrated in Figure 11 on the outer edge 81 of
fixation clamp 38. A compressive force is then applied to handles 95 of

surgical forceps 96 in an attempt to bring spaced tips 98 in closer proximity

to one another. The compressive force applied to outer edge 81 of fixation
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wi th one another, snmooth, serrated or toothed edges 80 are opened.

Al ternatively, snooth, serrated or toothed edges 80 of fixation clanps 38
may be seapaoasdas2 or spread apart along plane 46-46 in a shebUsoIg4a8Yde

using simlar surgical tools and techni ques. Likew se snooth, serrated or

t oot hed edges 80 of fixation clanps 38 nay be separated or spread apart by
pl aci ng spaced tips 98 of surgical forceps 96 as illustrated in Figure 11

on the outer, ed 1 of l.xat.,on clamp 38. A ressive force is then
ool 1 ed 1o dlamn i BysBaeed LSS B odere 3 Best shodth S aRHakOMGdr i ng Spaced
tips 98 in closer proximty to one another. The conpressive force applied
to outer edeRfgesB8df Oncgamepihisevated prioatbed rdueedfiaressparatedarp 38 by
spaced tips 98, serve to open snooth, serrated or toothed edges 80. Once

snoot h, seropered, the samehedy begiacetDomoe irseqrataet with the redatveddnonhe sane may
be placed on or in contact with the relatively non- nobile peripheral edge

40 of iris rhébieBefpheraredye® 403 iwid114 antiflowedrtb Geiith to HesEkyiRasi tion. In
cl osing, snooth, serrated or toothed edges 80 pinch or pierce relatively

non- oD | ¢ @654eA6KiAbn.° HPIo4ficd Srddh?. sEAraaN of FlN Ba3EEHDBindH yrchent

thereto. Preferably snoot or to I xation

clambe 38 IR ol R B PA ACB AU 9 T B oo,
S e ST e hmont thersto.” Prefarably Smooth, SeNated or tootied edges 80 of ' "
fixation clamps 38 are oriented in a plane perpendicular to the optical axis
OA—OA of eye 10 when secured to iris 14 for better tolerance by iris 14
and easier surgical handling during the clamping process. Because fixation
clamps 38 are relatively small in size, IOL 26 may be implanted in an eye
10 through a relatively small incision, such as less than 4.0 mm, using an
inserter without tearing off fixation clamps 38. However, fixation clamps 38
may optionally be placed through attachment apertures 44 after
implantation of IOL 26.
As an alternative to utilizing fixation clamps 38 for stabilization of IOL
26, fixation clips 39 as illustrated in Figures 13 through 15 may be utilized.
Fixation clips 39 are formed on outer free end portions 36 of haptic
elements 32 and extend from attachment aperture 44 to free edge 100.
Fixation clips 39 have two smooth, serrated or toothed edges 102 for

attachment to relatively non-mobile peripheral edge 40 of iris 14. Smooth,

serrated or toothed edges 102 of fixation clips 39 may be separated or
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clanps 38 are relatively small in size, 10L 26 may be inplanted in an eye
10 through a relatively small incision, such as less than 4.0 mm using an
i nserter woohgus2tearing off fixation clanps 38. However, P€T/x&t1/@m87Cc| anps
38 may optionally be placed through attachnent apertures 44 after

I mpl antatio I ML N8 inhQinddldd HEd g | anps 38
for stabil i%‘?i%gr?ggfrgiﬁ&r_@%ég,{é ??-%gt%hb%ﬁnggl%QgéagF$%{?fg! ?r‘églt;dé:g&i %d’Fi gures
13 through ; Jt 1 L e Fl ' ' ar ormed on outer free
end porti on@%@éﬁ'ﬁgﬁ% @%Wé'ﬁ?égé‘ﬁ%gﬂﬁé@ﬁﬁ%% r%ﬁi%%ﬁﬂmf)rapert ure
44 to free edge 100. |.xat.Lon clips have_two snpoth, serrated or

t oot hed edg%%‘%ﬁéﬁ’gf%ﬂarrt\??éé gira BFS&M & fqree pving Bandes &diipier al  edge
40 of iris 14. Snooth, serrated or toothed edges 102 of fixation clips 39
may be sepagentael with epeapothergsmeptipeemasal pn wbdred eggemti02pee t al ong pl ane
48-48 by inserting tips 92 of surgical retractor 90, illustrated in Figure

12, w thi n epérsszhniiérnatieely srmodth, sByratdieor topthid@dges 16D obfickitiop apart tips
92 of retractor 90 with a force noving handles 94 into contact with one

anot her, snERsB9 AR SehatatddPst &rﬁeaegﬁga&awﬁg lehe 4528044 a sﬂefaﬁggat ively,

snoot h, serrated or "t oot hed edges 102 fixatton clips 39 may

cepar ated By S0 s ARG ABEATohBe WRRERR TSl oot nec

edges 102 Oéer];eixt)égtcir?gotﬁlehpesdggé% 1@0&&3%83 %‘igé §8 rr?ar\y be separated or
spread apart by placing spaced tips 98 of surgical forceps 96 as illustrated
in Figure 11 on free edge 100. Spaced tips 98 are positioned so that
attachment aperture 44 lies there between. Compressive force is then
applied to handles 95 of surgical forceps 96 in an attempt to bring spaced
tips 98 in closer proximity to one another. The compressive force applied
to free edge 100 of fixation clip 39 by spaced tips 98 serves to open
smooth, serrated or toothed edges 102. Once smooth, serrated or toothed
edges 102 are separated, the same may be placed on or in contact with the
relatively non-mobile peripheral edge 40 of iris 14 and allowed to return to
their original closed position. In closing, smooth, serrated or toothed edges
102 pinch or pierce relatively non-mobile peripheral edge 40 of iris 14 for
reliable secure attachment thereto. Preferably smooth, serrated or toothed
edges 102 of fixation clips 39 are oriented in a plane perpendicular to the
optical axis OA—OA of eye 10 when secured to iris 14 for better tolerance

by iris 14 and easier surgical handling during the fixation process. Because
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spread apart by placing spaced tips 98 of surgical forceps 96 as
illustrated in Figure 11 on free edge 100. Spaced tips 98 are positioned
so that weovaghsent aperture 44 |lies there between. ConprpeBUsS@/f4687Ce i S
then applied to handles 95 of surgical forceps 96 in an attenpt to bring

spaced ti | @il HI : hek. ive force
aBpI I ed t%é@g ﬂ'&geﬁiﬁ% @fﬁ??@lﬂ%‘l?gﬁ@gﬁﬁﬁeﬁg%%Rglbzg@gﬁafIB%?aSE?Ser ves to
open snoot rate r d, ed . 102, ce.snooth, serrated or

t got hed ed@@gﬁ{?ge‘é@g‘ %éepiﬁgﬁ@gght%%?%yﬁg' ?fﬂéﬁl RISl SUeh a8 1888 tha ont act
with the relatively non-nobjle peripheral edge 40 of iris 14 and al | owed
to return tg-o MRk UsINg aginsartes| osed position. In closing, snooth, serrated
or toothed edges 102 pinch or pierce relatively non-nobile peripheral edge

40 of iris 14 forThersuhjedi|OLs2G isrprefarablypreducackeaving anfRpicgrartibry snoot h,
serrated or toothed edges 102 of fixation clips 39 are oriented in a plane

per pendi cul 28 apprdxiratelpéisw 9.8¢hm, Bbt PrefefabBy SpgroxitBlysRouseto iris 14

for better tolerance by iris 14 and easier surgical handling during the

fixation O (i Bid nﬁf@é’cgﬂ{#éferéﬁg\%%gH%%@H@%&%&tql%@ﬁn@ﬁ: clips 39

are formed in haptic enents 32, ¢ in an eye
10, 0 £ bt e P b RS RN O BE AT R e, o
28 appr oxi rT(.r31t7er|nP1/'| iérlftﬁic %egé gt wipr?eurgl gégeef %6.‘"‘ llo-}ayptig%%r%htgaézegtegdCi)n taO °-0

substantially arcuate elongated or plate-like configuration and will 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

from the center of inner portion 34 to the center tip 82 of outer free eqd

portion 36. 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 are preferably

vaulted as illustrated in Figures 3, 5 and 7 so optic portion 28 lies in a

different but parallel plane to that of center tips 82 of haptic elements 32.

Such vaulting of IOL 26 allows appropriate fixation thereof to relatively non-

mobile peripheral edge 40 of iris 14 while avoiding contact between the
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nm and nost preferably 5.5 mmin dianeter and approximately 0.5 nmto 1.0
mm but preferably approximately 0.6 to 0.8 mm and nost preferably 0.7 mm
i n thickmeasisitisperi pheral edge 30. Haptic el enments 32 exP€ndSon4ss7
substantially arcuate el ongated or plate-like configuration and wl |

i ncrease or decrease in |length depending upon the dianeter of optic
portion 28. As the di ameter of optic portion 28 increases the | engt h of

haptic el enents .32 Li ke as th .dianeter_ o portion 28
decr eases, qqeéerupr ﬁﬂﬁ%@%pﬂgﬂéﬁt@d‘g@ fie P SQF# 5'@ aﬁ\, hapti c
el ements 32 are forrre to be apprOX| mately 2.6 to 6.0 nm but preferably
appr oxi mat efapligfapprexigaielyd-a e 1 fam m&asérlambytvaw pasterpEsYface® mmin

| ength neasuring fromthe center of inner portion 34 to the center tip 82
of outer frégobtaptic portion®8 36d cahter tipe B2l df hdipticetements 320s Wéfened
approximately 6.0 to 10.0 mm but preferably approximately 7.0 to 9.0 mm

and nost prf@feéﬁ@élypla@@ﬁéﬁmmuemb&tvﬁleéﬁnnsHalpénd:c@ﬂne&Béﬁéotﬁahmhet
preferably vaulted as illustrated in Figures 3, 5 and 7 so optic portion 28

c §ﬁe:m”sa3ﬂ°“% L Fengdltd RaR, é'?ee%éﬂeﬂsl'@Jm%*%%%?ﬁ@%"%ﬁ@“xa o gLe?‘Zﬁ% '
- 40 1

cont act - betdRRNETRISYD Adp B g%%&#%@dwﬁe%%ﬁ%ﬁgﬁmc;”% of

optic portion 28 and nobile portions 9 of iris 14. vaul t of

appr oxi mat e3nd most P@fﬁr@'wﬂnqg@ﬁém leRgths aprEximatsly @rz torl .G o,

preferably approximately 0.3 to 0.7 mm and most preferably approximately
0.46 mm in thickness in plane 46-46 and approximately 0.5 to 2.0 mm, but
preferably approximately 0.75 to 1.75 mm and most preferably
approximately 0.75 to 1.50 in width in plane 48-48. Arcuate plate-like
haptic element 32 as illustrated in Figure 4 is approximately 0.5 o 2.5 mm,
but preferably approximately 1.0 to 2.0 mm and most preferably 1.6 mm in
length; approximately 0.2 to1.0 mm, but preferably approximately 0.3 to 0.7
mm and most preferably approximately 0.46 mm in thickness in plane 46-
46 and varies in width in plane 48-48 from approximately 0.1 to 3.0 mm, but
preferably approximately 0.2 to 2.5 mm and most preferably approximately
0.2 to 2.0 mm. Fixation clamps 38 are preferably manufactured in an
overall circular ring-like form with an exterior diameter of approximately 0.2
to 1.0 mm, but preferably approximately 0.4 to 0.6 mm and most preferably

approximately 0.5 mm, and an interior diameter of approximately 0.05 to
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76 of optic portion 28 and center tips 82 of haptic elements 32 is
preferred for central placenent of 10L 26 between iris 14 and corneal
endot hel iwon#8718Ar cuat e el ongated haptic el enment 32 as il POBUS@EIEEST N
Figures 2 and 6 is approximately 0.5 to 2.5 mm but preferably
approximately 1.0 to 2.0 nm and nost preferably 1.6 mnmin | ength;
approximately 0.2 tol.0 mm but preferably approximtely 0.3 to 0.7 nm and
nost preferably aBprOX|nateI 0.46 mmin thickness in plane 46-46 and
appr oxi mat €-§ Mg bubpreferably approximatelyd. A4e - ‘PP GRA A Rfegs.r?%lyt o 1.75 nm
and nost preferably approximately 0.75 to 1.50 in width in plane 48-48.
Arcuat e pl approxikatelyst.8 ol diencross-sastion tiasneter etffixationi gjamps £8; is
approximately 0.5 to 2.5 nm but preferably approximately 1.0 to 2.0 mm

and nost prgbRyrablyapbréxifately 0.1 enQ3mnabot moshprefénably. dpprofintataly  but
preferably approximately 0.3 to 0.7 mmand nost preferably approxi mately

0.46 mmin d Q'rﬁr‘ﬁrtﬁ?oﬁJlebuPitérl@ng’-lﬁto éﬁs@f%dad&fda?é strangmdtm aiame%@ﬁo% 48

from appr oxi nat el but preferably approximately 0.2 to 2.5

e AR kel 0 A EE 1,
B S B EL el e el T R B o

an interior dianeter of approximately 0.05 to 15 WO 01/ 87182 PCT/ US01/ 14587
0.5 mm butmpr.eFhke kngfh @ﬁgxaimm@lm may be the seme emdifiatand ig pisferabhabl y

U

approximately 0.1 to 0.3 mm but most preferably approximately 0.2 mm to
ensure adequate strength.

The desired functional characteristics of IOL 26 may likewise be
achieved or enhanced by incorporating a stiffening element 60, in the
shape of a ribbon, in one or more haptic elements 32, as illustrated in
Figure 10. Stiffening element 60 may be positioned in haptic element 32 so
that flat face 62 is oriented parallel to the dimension 48-48. Stiffening
element 60 functions in a manner similar to that of an I-beam in
construction to prevent movement of IOL 26 along optical axis OA-OA.

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

characteristics. Stiffening element 60 may be used in conjunction with

16



approximately 0.3 mm The cross-section dianeter of fixation clanps 38 is
preferably approximately 0.1 to 0.3 mm but nost preferably approxi mately
0.2 mmtiwoogsme:r its |length to ensure adequate strength. PUhesdianset er of
attachnent apertures 44 may be the same or differ and is preferably
approximately 0.125 to 0.5 mm but nost preferably approximately 0.225 mm
The length of fixation clips nay be the sanme or differ and is preferably

approxi mat el v _.0. 0 ut most preferably approximately 0.2 nmto
ensur e adeé?l%?tg "é’?hﬁﬁ@? ﬁ?rggﬁgrﬂa%%ﬁﬁg\sé)p[lwcqqsgﬁayh%%é} ReRNaptics of 1oL 26
may |ikew se he  achieved or enhanced by incorporating a stiffening el enent
60, in the degigpis @Slaﬁdrwbﬁ%ﬁtl" aﬁhlsmﬁlagdgeﬁ@ﬁ@e%&mqﬂ@nel characterigtics.as
illustrated in Figure 10. Stiffening el ement 60 may be positioned in
haptic el ement 33uitablemaatefibbstfof theepeiucton of thet subjectd@Ll 28 includehe

di mension 48-48. Stiffening elenment 60 functions in a manner simlar to

that of an butgramot fimiednstfoldebleotr dompressible naReeAE Suchf ad Bt @& al ong
optical axis OA-OA. Stiffening elenent 60 is formed of a less flexible

material thapiddes siﬂé?ri\énﬁ?lg/ﬁfétrs,sw raéétf%gﬁaatrﬂrﬂ ré?éerﬁbﬂ?dl)hﬁ&%i ng el ement 60

I ncl ude but are not o polyrmdes, polyo I gh-density

| yet hyl | . , . bi L, terial
B th sur t anniroBRl Sak Avic ihiBe, paFRtETs Ao iR o PaNERE S0 Tmy be
used in Coné.illilgocr}é ;(Jjglyvm\'ietré1 wjl'tg r&%rgér/uﬁg r%%%oﬁ\g/u%ﬁg,l {It}cf'nsnBezcontaining

polysiloxane elastomers and combinations thereof. It is preferred that IOL
26 be of a bicomposite material design whereby the optic 28 and possibly a
portion of haptic elements 32 are manufactured from a compressible or
foldable material such as but not limited to a silicone or hydrogel material
such as but not limited to 2-hydroxyethyl methacrylate (HEMA) and 6-
hydroxyhexyl methacrylate (HOHEXMA), i.e., pon(HEMA-c_o-HOHEXMA).
The haptic elements 32 or at least a portion thereof, including fixation clips
39 if formed therein, are manufactured from a relatively more rigid material
such as but not limited to a relatively more rigid hydrogel,
polymethylmethacrylate (PMMA) or a polyimide but preferably PMMA due
to its ready availability. Another option, as illustrated in Figures 4 and 14,
IOL 26 may be manufactured as described in U.S. Patent Nos. 5,217,491
and 5,326,506 incorporated herein in their entirety by reference. In such a
case, optic portion 28 and at least a portion of haptic elements 32 are

manufactured from a foldable or compressible material such as but not
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haptic el ements 32 described above or in cases where a thinner haptic
design is desired while still achieving the desired functi onal

charact ew@vi/gnes82 Suitable materials for the production of PChEsSsutapsct | OL
26 include but are not limted to foldable or conpressible materials, such
as but not l|imted to silicone polyners, hydrocarbon and fl uorocarbon
polynmers, hydrogels, soft acrylic polyners, polyesters, polyam des,

pol yur et hane, .. siJigone polymers,w,th dr ophi-l i c nonmer, units,

Prusr | ne- colmiteR Rk Dey SN Bt bVictai. ACS BB Be BRE S her eof . 11
Is preferred that 1OL_ 26 be of a biconposite material design whereby the
optic 28 andYpergsis spitacryis pelymess. ﬁt%rsepehyaml@e%@%e%aﬁaf actured
froma conpressible or foldable material such as but not limted to a

si |l i cone or shigdnegelymernsewitta hydropbiicasomarnenuonitd, ifiuioting-coatatningdr oxyet hyl
met hacryl ate (HEMA) and 6- hydroxyhexyl nethacrylate (HOHEXMA), i.e.,

pol y ( HEMA- c polyeiitdvle elastdifiefsadtid cormbmakions thsteof. Hie tetasinirdy GdeE i on
thereof, including fixation clips 39 if formed therein, are nmanufactured

rolat vely oot GRS GO B hent i Fudth Rabon HBARS T 5
opt o, s TTHRTPEER. Hre Medufuretidrorh et RIS Afcsnr PR ot e as
i hei 1 enBeEPObJeR 4P risiatvel Hgehiad hyskaoel oBUNAGBA POMISand ai
| east a portion of haptic elenments 32 are manufactured froma fol dabl e or
conpr essi bl Eomthemanufacivre ekfixationatamps 38, a relatively more rigid hydrogel,

PMMA, polyimide, suitably strong composite material or suitably metal

such as but not limited to surgical steel or titanium is preferred.

Poly(HEMA-@-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

material in the production of IOLs 26 due to its mechanical strength, which
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17 WO 01/87182 PCT/ US01/ 14587 Ilimted to silicone polyners, hydrocarbon
and fluorocarbon polyners, hydrogels, soft acrylic polyners, polyesters,
pol yam des0 opsiigur et hane, silicone pol yners with hydrophPCT/@Somresrer
units, fluorine-containing polysiloxane el astoners and conbi nations
thereof. The remaining outer free end portions 36 of haptic elenents 32,
I ncluding fixation clips 39 if formed therein, are manufactured from a

rel atively .nor i gid material sych, as but not .[im.ted atively
nore rigid 'ﬁf&'ﬁéb‘ég@ "lf’ﬂﬁ%ka'?)q anﬂa?ﬂﬂb#ﬁ B'éYS'C%idPa@'RB%hﬁﬂuﬁ é’&(g‘ﬁrﬁ%ﬁ‘ fixation
clanps 38, a relatively nore rigid hydrogel, PMVA polyimde, suitably
strong comfesHQHEREXMA)also bas sesirableynemory properiessuitable fsdOLi28 ted to
surgical steel or titaniumis preferred. Poly(HEMA-co- HOHEXMA) is the
pref erred nugeeriQlls 20 mariufaciared fomua madérial possegring gpodtmemoBB8 of |1 OL 26
due to its equilibriumwater content of approximtely 18 percent by

wei ght, andpropgftidsasuchcas thoskst 9slyIHEMRBOPOREDAN) dnfbldhin avhi ch i s greater
than that of the aqueous hunmor of the eye, i.e., 1.33. A high refractive

ndex | gty _ ! ! o] C hiah
index is a dsaidig rﬁaﬁﬁé\ﬁHVa‘?\%ﬁfél@,ﬁf&t@r?ﬁﬁﬁkﬂﬂs%g{ td-fsto I mpart hig

optical power wth a mninmum ness. By using a material with

L e AR A S S ahoR6 T SRR PR o v ™
bet voon ¢ hePatBBtannase kudpleEis Tasmanndhe &6 10. Py(HENAo- " O™ 7!
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 one or more relatively rigid materials such as but not limited to
polymethylmethacrylate (PMMA) if implantation thereof through a relatively
small incision or through an inserter such as that described in U.S. Patent
Numbers 5,873,879, 5,860,986 and 5,810,834, incorporated herein in their
entirety by reference, is not desired.
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 to
approximately —30 diopters. Optic portion 28 may be biconvex, plano-
convey, 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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corneal endothelium 4. Poly(HEMA-co- HOHEXMA) is also a desirable nmaterial
in the production of IO.s 26 due to its nechanical strength, which 18 WO
01/ 87182 WRC01/819824/ 14587 is suitable to wi thstand consi depablUsoiplaysi cal
mani pul ati on. Pol y( HEMA- co- HOHEXMA) al so has desirabl e nenory properties
suitable for IOL 26 wuse. 10OLs 26 manufactured froma material possessing
good nenory properties such as those of poly(HEMA-co- HOHEXMA) unfold in a

control |l ed manneg i.n . r at.her expl osi ve to its .

pr edet er m ned sh@ﬂh? pégtbcﬁ;@ égtrl?n?qﬁjﬁ?tr{m'g#b Fﬁgfs@@“ﬁhy&ﬁ&@?@mt@ due to
potenti al dan‘]age to delicate tigfsues within the eye 10. Pol y( HEMA- co-
HOHEXMA)  al @ §latadedueHANSTNRPO of approxinately 028 teyk7a mmAut Righ t he

teachi ngs of the present invention are preferably applied to soft or

f ol dabl e | Qereferablyoapraxiotatelyf®B8 dabl@mun andmposiqurefarablyrtab enndh, the sane
may al so be applied to harder, less flexible |lenses fornmed of one or nore

rel ativel y widgh ddjarieat bales periphees eligé 30dbr rédddirtfiglage when outer _
pol ynmet hyl met hacrylate (PMMA) if inplantation thereof through a relatively

smal | i nci sg ' [ [ . S. Pat ent
Nonber s 5. o iigal QA0 ofTOL D898 SRR MoRPohtsihg RSN RGO S herr

oo oL DR eF B et Ghef ol el P PR oo con, e,
povered | ent?/p{c%ﬁy]faobr%c%ted of the same material as optic portion 28, but may be
opaque, roughened, textured, colored or patterned in a conventional
manner to block or diffuse light in plane with optical axis OA-OA.

The subject IOL 26 and separate fixation clamps 38 if desired, may
be molded using removable molds as known to those skilled in the art.
Alternatively, IOL 26 and separate fixation clamps 38 if desired, may be
manufactured by first producing discs from one or more materials 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 26, and separate
fixation clamps 38 if desired, may then be machined from the material discs
in a conventional manner. Once machined, IOL 26 with fixation clips 39 or
IOL 26 and separate fixation clamps 38 may be polished, cleaned,
optionally assembled if using fixation clamps 38, 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 preferably using an
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approximately -30 diopters. Optic portion 28 may be bi convex, plano-
convex, piano-concave, biconcave or concave-convex (mneniscus), depending
upon t he wowes718equi red to achi eve the appropriate centraPCEUS01/3687 pher a
t hi ckness for efficient handling. 19 WO 01/87182 PCT/ US01/ 14587 Optic
portion 28 of the subject 10L 26 may optionally be formed with a glare
reducti on zone 56 of approximately 0.25 to 0.75 nm but nore preferably

appr oxi mat el . 3..to 0. and nos refera 0.5 in | dt h adj acent
outer peri p’ﬂé?g?r @9&@"’%@ ?r;g]?“ﬁi'ggg'g?ﬁ@?(jﬁ‘gﬁ%s %ﬁﬂ%g?g‘}%e%@ﬁ%her al edge 30
of IOL 26 is struck by light entering eyelO during high [light or at other
ti mes when FREIiUresd4 lgn@t already asgembed copaning smosts seerated or {gsitieed | v
fabricated of the sane naterial as optic portion 28, but may be opaque,

roughened, edgaes8@withcoborgichl instpamer; akbolving smaathyserratedar tootheder to
bl ock or diffuse light in plane with optical axis OA-OA. The subject 1O 26

and separ atgddds<80 tBlosbaiiespiRéh bhd AR Pidred relaByely POnMbBRS pEidhieral enovabl e
nol ds as known to those skilled in the art. Alternatively, 'OL 26 and

separate fi é@iés Q? a?lha&@ﬁngr%‘té fnciGSd [ﬁgccqu%gwﬁmﬁaﬁg hg\gm hy first

produci ng di rom one nore materral s choice "as described in U S
Pat ent Nos. h5 21;( 481 ?l[.]d , 326, 506 each incorporated hereininits
entirety byt PEP& @'ﬁ N URMo6  and separate fixation clanps 38 if desired,

may then be machined fromthe nmaterial dijscs i
Alternatively, the subject IOL 26 is used in eye 10 by creating an

incision in cornea 12, inserting IOL 26 in anterior chamber 6 preferably
using an inserter if desired, opening smooth, serrated or toothed edges 102
with a surgical instrument, allowing smooth, serrated or toothed edges 102
to close and pinch and/or pierce relatively non-mobile peripheral edge 40
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. 10L 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
anterior chamber 6 thereby preventing damage to delicate eye tissues such
as the trabecular meshwork 17 and the corneal endothelium 4. I0OL 26
designed as described herein is also advantageous because one or a few
lens sizes suitably fit eyes 10 of most sizes since the position of attachment

to iris 14 may be varied slightly. By providing a “universal” lens such as
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in a conventional manner. Once machined, 10OL 26 with fixation clips 39 or

| OL 26 and separate fixation clanps 38 nmay be polished, cleaned,

opti onal Iwoassasbl ed if using fixation clanps 38, sterilipetdusadi4psickaged
by a conventional nethod known to those skilled in the art. The subject |0

26 is used 4 : I S LNELS e . COT . Laserting 1 CL
26 in anterlSt 8%’@%%398#@?2%%@@:chglﬁéhlgé tgﬂ’dt'%tﬂ/@‘%ﬁ%%ﬁb%/ US01/ 14587
inserter if .desired, .extepding fixat.ion clanps 38 thrqugh attachment
hpertures /81554 lanses if ADElR " 2tk BisRESd. IaMRe. HRtiaE MaEER: oot hed
edges 80 with a surgi cal instrunment, allow ng snooth, serrated or toothed
edges 80 t oPredyse |Qha ohmany sizes t fiteyesf mamasizeeiselifainatashithes peri pher al
edge 40 and closing the incision in accordance with nethods known to those

ski |l | ed i n nedechagt productiomand waleptoryvestaubgsociatédthetéwith. used in eye 10 by
creating an incision in cornea 12, inserting 1OL 26 in anterior chanber 6

preferably Ophthatmalvgisis alsotiendfit #em s@ifiecOION26 th R bl issavedbyd or
t oot hed edges 102 with a surgical instrunment, allow ng snooth, sérrated or

toot hed edggihfng b /6835 AR Dadl Hafintd SiME.IPLAL LisRlahd1on- mobi | e

peripheral edge 4 osing the rnciSron in accordance w met hods
known to thoss‘gs?l

resent.invention
provi des f of°

g#é{;ﬁ%ﬂ)}gﬂ? Eﬁnt@iﬂﬁq%lﬂg@e ?n%e%ior%e%eof%arymg 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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for use in anterior chanber 6 of eye 10. ICL 26 has haptic el enents 32

wi th functional characteristics that mnimze or elimnate axi al

di spl acemvean1/8aBong optical axis OA-OA of eye 10 and | ensPcDus@c4s8n t he
angle 7 of anterior chanber 6 thereby preventing damage to delicate eye
ti ssues such as the trabecular meshwork 17 and the corneal endothelium 4.
| OL 26 designed as described herein is al so advant ageous because one or a
few Ilens S\}\/Zeﬁ suitably fit eyes 10 of npbst sizes since the position of
attachnent "€F'?Ms 14 may be varied slightly. By providing a "universal"
| ens such as 21 WD 01/87182 PCT/US01/ 14587 that of the present invention,
clinical risks to patients due to inproperly sized lenses in angle 7 are
m nim zed. Likew se, manufacturers' need to produce ICOLs of many sizes to
fit eyes of manyl.si zeAniantariarchambed jrig fixated indthoculary Ipnethubei on and
inventory costs associated therewi th. Ophthal nol ogi sts al so benefit from
subj ect | QlimMfanted twWitin bhreyel gerfasigdp&pendicutiriathdigyd’bopieadaxio det er ni ne
each patient's particul ar eye size and costs associated with maintaining

| ar ge imer{h%dg‘?ﬁa%ﬁ\éﬂ%&ik% cﬁirﬁﬁﬁisiﬁ nses. Wile there is shown and
[ Tic

descri bed herei'n certain specifi enbodi nents of the present invention, it

will be manifest il I N e . . various nodifications
may be nmade wit h%i?“@gg%ﬁ{’ﬁ%' F@gﬁ]({éﬂgﬁ]@sﬂﬁ’ﬁé :Q%{gmé(:ope of the underlying
Ihg\r/gin tnl gﬁomngﬁ%gptp?éhatgﬁ%g angsntls ?)ermngr%elgdyng;otnendec%eod ttoht?\epo%rtél! cular forms

peripheral edge, and

a fixation clip in direct contact with an aperture in each said haptic
elements or a fixation clamp for attachment through an aperture in each
haptic element, whereby the fixation clamp may be attached through the
aperture in each haptic element following implantation of the lens or are
sized to allow for implantation of the lens while assembled through the

aperture.

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 the haptic elements

and the optic portion are formed from differing materials.
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I nsofar as indicated by the scope of the appended cl ai ns.
PCT/ US01/ 14587 W claim 1. An anterior chanber

22 WD 01/ 87182
iris fixated intraocul ar

| ens to veooi/smBanted within an eye general |y perpendi cul BETASOIASS7TEYE" S

opti cal

defining an optic portion, two or nore haptic elenments permanently
connected to the outer peripheral edge, and a fixation clip in direct
contact with an aperture.i.n each . .said ti,c ele r fixation clanp
for attachment tFrou Jﬁﬁ%mt?&éﬁ“ﬁﬁﬂ%ﬂ%ﬂf‘ga@h”ﬁ%ﬁiﬁl% I@Fﬁﬁteﬂe %eby t he
fixation clanp, may be attached through the aperture in_ each haptlc el enent

fol | owi ng |tﬁﬁlfa(ﬁflaﬂ cMp$ of fixatianelinsrangt e aptierpriion are fimeskfrempl ant at i on
of the lens while assenbl ed through the aperture. 2. The intraocul ar |ens

of cl ai m 1 theeameror diffehiagtmatesblsrent s

formed of a foldable or conpressible material. 3. The intraocul ar

claim1l wherein the haptic el enents

differing materials. 23

5. The intraocular lens of claim 1 wherein the fixation clamps or
fixation clips are made from a material relatively more rigid than that of the

optic portion.

6. The intraocular lens of claim 1 wherein the fixation clamps or
fixation clips are formed from a material relatively more rigid than that of the

haptic elements.

7. The intraocular lens of claim 1 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.

8. The intraocular lens of claim 1 wherein said lens optic portion
and haptics are formed from a hydrogel material and said iris fixation

clamps or fixation clips are formed from polymethylmethacrylate.
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WO 01/87182 PCT/ USO01/ 14587 4. The intraocular lens of claim1l wherein the
haptic el enents, the fixation clanps or fixation clips and the optic

porti on aveof/grieed from the sanme or differing nmaterials. PET/UTIE14587

i ntraocular lens of claim1l wherein the fixation clanps or fixation clips
are made froma material relatively nore rigid than that of the optic
portion. 6. The intraocular lens of claim1l wherein the fixation clanps or
fixation clips e fo d.fro anatelal relatlve i d, than t hat
of the haptic ﬁemnjgg'nﬁaoﬁ"l’ ﬁ@%&@@am 85@“&@%@ iora}?éirel n said
lens is formed froma material selected fromthe group consisting of

si licone pdir9med Bydrogehmstenal yhiehis 19 nercsphbPy WeIGBIWRHEF.s, hydrogel s, soft
acrylic polyners, polyester, polyam des, polyurethane, silicone polyners
wi th hydrophilic nononer units, fluorine-containing polysiloxane

el astoners and conbinations thereof. 8. The intraocular |lens of claiml

wherein said | ens0.0pt The frstrddcatar lemslohelain 4 swissrein’ seiddshd isdoraedy dr ogel
material and said iris fixation «clanps or fixation clips are formed from

POl yet hyl RS RAEIY(HEA-AAHEPIDRAT i B TldaRAlr 858G filbtioBsarmpsr accul ar

| ens of claim elrn s&r l ens | or me

or fixation clips formed from polymethylmethacrylate.

11.  The intraocular lens of claim 1 wherein said lens and possibly
a portion of each of said haptics are formed from one or more materials
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, at least a portion of said haptics are formed from the same or
different materials selected from the group consisting of relatively rigid
hydrogels, polymethylmethacrylate and polyimides and said fixation clamps
are formed from a material selected from the group consisting of relatively
rigid hydrogels, polymethylmethacrylate polyimides, composite materials

and metals.

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

is formed from a material having a refractive index above 1.33.
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froma hydrogel material which is 18 percent by weight water. 10. The
intraocular lens of claiml wherein said lens is formed from

pol y( HEVA@ov$i@BEXMA) with the exception of the fixation BPCHURE/14687
fixation clips formed from pol ynet hyl met hacryl ate. 11. The intraocul ar | ens
of claim1l wherein said |lens and possibly a portion of each of said
haptics are forned fromone or nore naterials selected fromthe group

consi sting of siljco al.yner hydrocar bon .and. fl.uorocar.bon pol ymers,
hydrogel s, soft ryﬁ%gﬂgyﬂpﬁﬂf%,le%o?ﬁ‘g@%ﬁ,Whed'SW%?r#  ORHG RRIFBR hane,
silicone polyners with hydrcl)_phi | ic ponomer units, fluorine-containing

pol ysi | oxarl& femmed §ratan are/lieshdterat i ons thereof, at |east a portion of
said haptics are fornmed fromthe same or different materials selected from

the group consisting of relatively rigid hydrogels, polynethylnethacrylate
and polyimdes and said fixation clanps are forned froma materi al

sel ected from t hi4.gr oTipe irdrsicalar denodf clainat iwtedrgin sdidiehshypticagsition
pol ymet hyl met hacryl at e pol yi m des, conposite materials and netals. 12. The

i ntraocul ariglisige®irof! Aisiicdn¥estetig), said | ens optic portion is formed from
a material having a refractive I ndex above 1.33. 25 WO 01/87182

PCT/ US01/ 14587 13. The intraocular lens of claim1 wherein said |lens optic
portion is formed froman acrylic material.

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.

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.  The intraocular lens of claim 1 wherein the fixation clamp or
fixation clip is manufactured from a relatively rigid hydrogel,

polymethylmethacrylate or a polyimide.
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14. The intraocular lens of claim1 wherein said |lens optic portion is
formed froma silicone material. 15. The intraocular lens of claiml
wher ei n av@basdasz educti on zone is forned adjacent to thePODUSK/PBEST pher al
edge of the optic portion. 16. The intraocular |ens of claim1 wherein one
or nore of said haptic elenents includes a stiffening el ement having a
greater resistance to bending in a plane generally perpendicular to an

eye's optical axjs than i | an enerally.parallel tqo the eye's optical
s 10 The DS acchrthod et FtUEaclifft fig -8R Ens. ke T rent
includes a stiffening elenent formed froma material selected fromthe
group consi SPMRYSHE: pol yi mi de, pol yol efin, high-density polyester, nylon
and netal. 18. The intraocular lens of claiml wherein the fixation clanp
or fixation clifprmingwficst diskUrer dnecon moreesuitable materiaisd hydr ogel ,

pol ynmet hyl net hacryl ate or a polyimde. 26 WO 01/87182 PCT/US01/ 14587 19. A

net hod of manuf agptionally fohingndrieiociions abditionaf disksfromlone ormioréi ng:
forming a first disk fromone or nore suitable materials, optionally

form ng on & U il S iPti g4i table materials,
rachi ning. ShrgO[ERBHH, a0t Y S8 r ORI MRk, R
optionally machining one or more fixation clamps from said

additional disks.

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

molding said lens and optionally said fixation clamps of the same or
different suitable materials in removable molds, and

removing said lens and optionally said fixation clamps from said

molds.

21. 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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optionally machining one or nore fixation clanps fromsaid additional

di sks. 20. A nethod of manufacturing the intraocular lens of claiml

conpri si mo onwliei ng said | ens and optionally said fixati oncTsepsssyf t he
same or different suitable materials in renovabl e nolds, and renoving said
| ens and optionally said fixation clanps fromsaid nolds. 21. A nmethod of
using the intraocular lens of claim1l conprising: <creating an incisionin

a cornea of an eye, i i said int.raocular, lens jn anteri or chanber
ot “said eye, artsechinblhfitiia R jbERGUAUROS N el { REMRAERE! or
chanmber. 27 WO 01/87182 PCT/US01/ 14587 _22. A nethod of using the

i ntraocul ar | ensCT8ALIRY ANNGISIOFIPA G9TREA Of 3PS ng an incision in a cornea
of an eye, inserting said intraocular lens in an anterior chanber of said

eye using an i nigeetting, saitinteanoularigns in ah anteriao chamber ofisaidiayli n t he
anterior chanber using fixation clanps. 23. A nethod of using the
i nt raocul arudiegpandhserttex, end conpri si ng:

securing said intraocular lens within the anterior chamber using

fixation clamps.

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

creating an incision in a cornea of an eye,

inserting said intraocular lens into an anterior chamber of said eye
using an inserter,

extending a fixation clamp through said aperture in each haptic
element, and

securing said lens within the anterior chamber using said fixation

clamps.

24, A method of using the intraocular lens of claim 1 comprising:

creating an incision in a cornea of an eye,

inserting said lens with fixation clamps attached thereto into an
anterior chamber of said eye using an inserter, and

securing said lens within the anterior chamber using said fixation

clamps.
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creating an incision in a cornea of an eye, inserting said intraocular |ens
into an anterior chanber of said eye wusing an inserter, extending a
fixati onwobangrishr ough said aperture in each haptic el enpat/usandssecuri ng
said lens within the anterior chanber using said fixation clanps. 24. A
met hod of using the intraocular lens of claim1 conprising: creating an
incision in a cornea of an eye, inserting said lens with fixation cl anps
attached thereto into an anterior chanber of said eye using an inserter,
and securing said lens within the anterior chanber using said fixation
clamps. 28 WD 01/87182 PCT/ US01/ 14587 ~25. A nethod of using the
intraocul ar | ens28 clAamethodehysing thyyintrageular lang efitlaint spawprisinga cor nea
of an eye, inserting said intraocular lens into an anterior chanber of said
eye using an i nsezating amindisien in & egrres of dmeyagocul ar lens within the
anterior chanber using said fixation clips. 29

inserting said intraocular lens into an anterior chamber of said eye

using an inserter, and
securing said intraocular lens within the anterior chamber using said

fixation clips.

29



