; e3ej 66l TuzZwCt 02/ a7583 PCT/ USO1L~. 1~C5 DURABLE FLEXI BLE ATTACHVENT
COVPONENTS FOR ACCOMMODATI NG | NTRACCULAR LENS | N FI ELD OF THE | NVENTI ON

The preseqiyd.nvygation relates to a durable acconmodating ipphRAGEYE Iens
(Ira) and I’(;I)n’et hod for meking and using the sane. Mre parti cuﬁarl t he
present invention relates to durable flexible attachnment corrponents for an
accommodating | OL designed for nmulti-distance visual imaging in aphakic

eyes where a natural |en5D'Eﬁ@AﬁEErFI§EUi'£E qala} (gxm such as in the case
of cataracts. BACKGRQJNQ;&"WP'B—EE 'TFI'A( FN Iens (ra) inplants
replac

have been used for many years i enents for natural
crystalline | enses that have bee lﬁgﬁ¥§i?§%0ved fromthe eyes. Many
different | OL designs have been devel oped over past years and proven
successful for use in aphakic eyes. Successful ICL designs to date

primarily include an optic portion with supports |l ed haptics,

connected to and surroundi ng at |east part of thﬂﬂ“ﬂmﬂ“mmmm mlf The haptl c
portions of FHlDQF diHE BN&ENKINt 0 support the optic,partion of QL in
the |l ens capsule, anterior chanber or posterior chanber of an eye Vi~ O
02/ a7583 PCT/ L1S01/ ~~~GS Conmerci al |y successful |1 COLs have been nmade from a

variety of bi ocorm@tpreémwm@mbﬂlr&até@fwa agrém@abémhﬁmrdlaahg iftPddRul S such
as pol ymet hyl met hacryl ate ( to softer, nore flexible materials capable

PMVR)
f b f t d
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an integral part of the optlc portion in what is commnly referred to as
"si ngl e- pi e@B"aqcoMynodsyingdPL designad rnplti-distarcevigdalgmaging inaphakit arity
in nmore recent years due to their ability to be conpressed, folded, rolled
or ot herw seydsfmnenead nadurchlensfhasrbded surgwpliy cerdeverd, medh@siinthe casaserti on
t hereof through an incision in the cornea of an eye. Follow ng insertion of
the 1OL in afcaweactthe 1OL returns to its original pre-deformed shape due
to the nenory characteristics of the soft material. Softer, nore flexible

| OLs as just described may be inplanted into an eﬁ/‘e throuRh an incision

that is much smaller, i.e., 2.8to 3.2 mm thant MH“HW‘MM "W'M/ for nore

rigid 10Ls, HxdaRbEOND OF THE INVENTION e159150%

Intraocular lens (I0L) implants have been used for many years in
aphakic eyes as replacements for natural crystalline lenses that have been
surgically removed from the eyes. Many different IOL designs have been
developed over past years and proven successful for use in aphakic eyes.
Successful IOL designs to date erimarily 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.



to 6.0 mMm A larger incision is necessary for nore rigid | OLs because the

| ens nmust be inserted through an incision in the cornea slightly |arger
than the digmebas of the inflexible IOL optic portion. Aceerfidgghdies nore
rigid I O.s have becone |ess popular in the market since |arger 1ncisions
have been 2 WO (12/-47S83 PCT/L1S111/~-1-tliS found to be associ at ed
wWith an increased incidence of postoperative conplications, such as induced
astignmatism After IOL inplantation, both softer and nore rigid IO.s are

bj ect t ' t f
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natural brain induced con axation o ry nuscles and

i ncreases and decr es _Ln.vitreaus pressure. . ive forces of this

kind are uSQ‘P&P“}PﬁﬁﬁﬁepWQ‘tﬁr@\{%J@nQ'BQ fr?)&ﬁlqrﬁg'gfcﬁ@gg%fgaﬁiwéﬁﬁgous di st ances.
Most conmercially successful | OL designs for use in aphakic eyes have

, singl e focurolypethyimethaaiiate (RVIMAY) do Fpiten more frexile materialy sagablgfy a

certain fixed distance. Such fixed single focus I1OLs require the wearing of

gl asses to béiagdeldedeorfcnmupressed bechege silicoesy dertairdadyliess @andl OLs have been

i ntroduced to the conmmercial market but suffer fromthe di sadvantage that

each bi f ocahydrsgeRr. rieapesgoitions af shealdhist hdves boerpfineedisephratbly frsrai | abl e
i ght thus |essening visual acuity. Accomodating | OLs designhed to have two

optics hel dtﬁeggﬁtxcfﬁrtiex JH&ﬁ’ié?'c%nh@&@é trefd IROSgH Bt eabePshi@eas Pr oposed.

However, the e e attachnent conponents of accommobdating | OLs nust flex
mllions of i} | patJ ' Shifetd ri.als can
wi t hst and sl]%%@fwggé@g@ga%“é uggu%s'&%lnb\eﬂt"frd gfgmaﬁ? ﬁ%:s[ ﬁ%%ﬁ%?gg |hng and
failing. Because of the noted shortcom ngs. of. current 1O materials) there
o b noed BT e heie0ral Bartel i el PORieBn St 1 R MCGRTS koL 1 od
for supporting an IOL optic, capable of being manufactured into small
di mensi ons toas i'singletpieceid Aequi red anat oni cal space of an eye and capabl e
3 w0 021~7SS3 PCT/ US011. 1~~15 of withstanding the stresses of
accommodat i on ov8oftenEmore fexiblguebs haee gainethimrpopularip it morecddemy and
failing. SUMVARY OF THE | NVENTI ON The present invention is the use of
pol yur et hangegisafiiePfPih@irtability to be compressed, folded, rolled or otherwise

deformed. Such softer IOLs may be deformed prior to insertion thereof

through an incision in the cornea of an eye. Following insertion of the I0OL in

an eye, the IOL returns to its original pre-deformed shape due to the memory

characteristics of the soft material. Softer, more flexible |OLs as just

described may be implanted into an eye through an incision that is much

smaller, i.e., 2.8 to 3.2 mm, than that necessary for more rigid IOLs, i.e., 4.8

to 6.0 mm. A larger incision is necessary for more rigid [OLs because the

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

the diameter of the inflexible |OL optic portion. Accordingly, more rigid 10Ls

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



manuf acture flexi ble attachnment conponents for accommodati ng intraocul ar

| enses (1QL). Although the pol yurethane el astoner flexible attachnent
conponent g, dfy b8 subject invention may be used for durablpgrhilsggtien and
support in any suitable accommodating |1 OL design, for purposes of
explanation not limtation, particular accommodating | OL designs are
descri bed herein. In one accomodating | OL design, the pol yurethane

el astonmer flexible attachnent conponents of the present invention are used

Lo per manens} yaqy peeRality fithafinbledses ARlderodtiddiefSerbifle ont i ¢ to a

negative f optrc. The positive 10OL optic a "higher™ pter,

preferably roxi.mai e +20. di [ ater, such as but not limted to

+20 to +60 %%B‘?C@'gﬁ%\ﬁ %%Cha%é)g‘g]‘[@g&%gpg@ﬁgérﬁl edge and two or nore but
preferably two, ree or four pol et hane el astone c,tal exi bl e .attachnment

. conponents for d%&%fb' @Lmﬁﬂ{aﬂ'gﬁn%o%lﬁ? ?f@ﬂgmqrﬁi%";' L$ pEmpuljeehia  The

negative ICL optic has a "lower" diopter, preferably approximtely -10

di opter or tempressivetfoemeshanerieston the euler edgesithereof fgan dabpeklrainal so with

an outer peripheral edge and preferably the sane, but optionally a

di fferent ninglaeed edbnipadtion aid eslexation ofhe QRiarAME88leP@RdLIAS@akes andGS
el astoner flexible attachnment conponents fromthat of the positive optic

portion. Po ééké?e@fhdviﬂééﬁfi b¥sssufd. OBHIFSsHACRIrEEY bNGid NRdRPE YiYER) hane
el astomer flexible attachment conponents are bal anced for stability within

an eye to mnim ' ' : i ] t %}g@ i _component
i ntegrall y”q‘noér %éﬁ\?\ng}? %?;&Jﬂoghggﬁéﬂéﬁp ?;?tgg{'%% %‘%{?ﬁose? \/vf';vI g%ﬁ%se @daglg@s of
each of the_two o&t]L(? ﬁortiogs. Positive.and negati.\ve IfC]_ 0 tﬁcs each

havi ng t hr eBUEESHH Kol SRE1908 01 UM #pakiGeYes TV g 088?:%8 @nts are

bal anced to achieve stability and m nim ze decentrati on by having a set of
two flexi bl odicnadhatare fxemanddreds the evg al o)y agariadn lixedhdistancgpsequent | y
attached to one edge of each of the optic portions and a third flexible
attachment Soopdiredsingte tagus!lOLsfrequiraithel wearing eilgissspeeia changetthehed to an
opposite edge of each of the optic portions. Positive and negative |ICL
optics eachfdtagionthd eys. PoewuieidsifteablGls ikaey bédremtlodaced tatterent
conponents are bal anced to achieve stability and m nimze decentration by

each optic PB&H%E%P?%M@ Bt 3effePfromife disatvBh@igR! thac SN bif6IMABES! S

integrally forne or subsequently attached™t o one edge of the optic

and a set of two { oner i I d wth or
subsequent | era{f’?%{it%ﬁg’ﬁh}to%@%‘%tféﬂgggﬁ{gé‘t gg{gﬁé éo‘gﬂ%ﬁlg I@%’?%@ lEé% Im:ﬁgrayur et hane
el astoner flexiple. attachnment ,co ent has an attachnment portion that

per manent | yViSHARRUY- ﬁ?&%’@%’%ﬁ"ﬁ@t%&%ﬁ@cﬁﬁy@n O&Esﬂmléout er
peripheral edge of an optic portion. |f the flexible attachment conponent
is of a | oofrgethRIdyoiiexibiadooperr srapshavecale Reen Aipreast Hawewer, thep

02/ -47s83 PCT/ 11501/ -4-4~C>S generally two attachnent portions that

per manent | yflexibleeattachiheent @opgmbridnéx obdecommadatingnitOLsompehitex milbonsef out er
peri pheral edge of the optic portion. In the case of |enses having three or

four | oopedtifde@duping RpaientiEalfetine VM FivE materidts cah withatarbpech f | exi bl e
attachnment conponents nmay have three attachnent portions rather than four.

[n such a Capesediif fif adiiousErifroiicht WikBLt BaEKGENd fif@ITON to each of

the two | oope e attachnent conponents in the set. "Each pol yur et hane

“noludes a 11 exi BEGAUOr KF P RRREabitEPraBteBLIct hER SRR o7 i on
Curt ace of & d tenen 0T BRRrRE cabatle Br biaisit 1 ply SRUIRRLEN ot onc
bet ween the contact plates and the attachnment )

supporting an IOL optic, capable of being manufactured into small

dimensions to fit into the required anatomical space of an eye and capable



portions allow the optic portions of both the positive and negative I1OLs to
nove or to adjust to pressures exerted on the positive and negative | enses
wi thin thgEuersgddi tionally, within these flexible centrglrRRphtiQps, each
pol yur et hane el astoner flexible attachnent conponent is designed to have

| ess resistance to bending in a plane generally parallel to the optical
axis of an eye than in a plane generally perpendicular to the optical axis
of an eye. By providing polyurethane el astoner flexible attachnent
component s Wi AR . e (lidy
characteri S%M; g@h&gg@‘or{%ggﬁ deﬁa@#%ﬁéb%rgﬁggégﬁ é{/% m%ﬁﬂvﬁléﬁgédé]cséomdat ive
. vi sual effects.throquﬁ#t a gq%ientai +ifetine. 6 V1~' O 02/ 7s83

PCT/ L' SI | | / EOVELIREY iﬂﬂfw,c'?gﬁg ﬂ”g%ject of the present invention to
provi de flexible and durabl e accommpdating | OLs for use in aphakic eyes.

. Anot her object of the present invention is to provide accommodating | COLs
for use in aphakic eyes having flexible and durabl e attachnment conponents.
Anot her obj SHMMARWMORTEEIMVEMUIEN i on is to provide a durable nateri al
for use in the manufacture of accomnmodati ng | OLs. Anot her object of the
present invention is to provide accommodating 1 OLs for use in aphakic eyes,

whi ch are rel ati Tekyresent itveriti®nus & us€ of Bdivhifetitdars Sastorhéredd of the
present invention is to provi de accommodating | OLs, which are durable and

resi stant tg}a%t?ﬁ&&hF@ﬁéﬂ&e?’!t{a*&h&etrﬁ%ogmegﬁk@ﬁ?%ﬁd}ﬁm%gﬁﬁ%?ﬁ}a%"cf.lia‘fes and

advant ages e present I nvention, are spe Ically

descri bed and. ot that a not, wll beco appar.ent _fromthe detail ed
descripti onl,%rmeﬁmg)s @ﬁ@u&ﬁih%c{m@%h@a}p|ei§/§,r{gwﬁgﬁ@l(lﬁlel qt ?'f'%ed'l ures are
designated by like nunerals,,K BRI EF DESCRI PTION OF THE DRAWNGS FIGURE 1 is
a schemat i cCPEPOBERH: &ithe subiect wenhior may bepsed fan durakie dunction and

support in any suitable accommodating I0L design, for purposes of
explanation not limitation, particular accommodating 10L designs are
described herein. In one accommodating |IOL design, the polyurethane
elastomer flexible attachment components of the present invention are used
to permanently or removably attach preferably a pos}tive IOL optic to a
negative 10L optic. The positive IOL optic has a “higher” diopter, preferably
approximately +20 diopter or greater, such as but not limited to +20 to +60
diopter, with an outer peripheral edge and two or more but preferably two,
three or four polyurethane elastomer flexible attachment components for
durable support and function within a patient’s eye. The negative I0OL optic
has a “lower” diopter, preferably approximately —10 diopter or less, such as
but not limited to —10 to —50 diopter, also with an outer peripheral edge and

preferably the same, but optionally a different number of polyurethane



WO 02/7a83 PCT/ Il SO1 /.~ 1.1l s FIGURE 2 is a plan view of an
accommodating OL with each optic portion having three flexible attachnent

conponent §, JpHssd;n accordance with the present invention; pbehfddfided s @
side view of the IOL systemof Figure 2; FIGURE 4 is a cross sectional view

of the fOL systemof Figure 2 taken along line 4-4; FIGURE 5 is a side view
of the flexible attachnment conponents of Figure 3 with sharper edges;
FIGURE 6 is a side view of the flexible attachnent conponents of Fi.gure 3

wi th roundegedgges: ﬂ&itg?{e"%ﬁtlaénb%ngc%ﬁwpéﬁeﬁt%%rﬁ'ﬁ?ét o‘fitﬁéfvgsléitiwsg{i exi bl e

attachnment conponents a stifrening ment ; RE 8 is a

~ plan view of acconmmodating 1.0 w,th each tic rtion having four
Flexiblo at PRERReOTRaNL APaefE0l cPUEs Ghtinind g, PEoureRaa o
invention, FIGURE 9 is a side view of the 1OL of Figure 8 FIGJRE 10 is a

. plan view oelagtpra@rcﬂﬁmlal@aattaebmeacmnpﬁn@af@rarsaal@c&%rfpr ALK WA wo

fl exi ble attachnment conponents nmade in accordance with the present

i nvention; aneyEltGHMBINizeidecantratien by baviop théflekible attadkinggnte 10. 8 WD
(12/ 7583 PCT/ USOL1/ ~~~(~S DETAI LED DESCRI PTI ON OF THE | NVENTI ON Figure 1

i 'l ustrat escempbABhi ihtetftalll e vath ensuseqliéntyaiadted erdeedgposeduct ur es
rel evant to the inplantation of an intraocular lens (1OL) w th pol yurethane

el ast omer fle&%é?b? %ﬁ gfmwo SRITIHEMS Pasiﬁ,&@aﬁaﬁaaﬁ\vé [yespfieh. Eye 10

i ncl udes an optica ear cornea 12 and an iris natural crystalline
| ens 16 and I d | Lk Eye 10

al so incl udggcéﬁ%g$géﬁ§%eﬂéﬁ¥g%?% %Igg{bggg iffr?afb rl%ﬁktggl}%leﬁ% ﬁoi% Sa '
posterior chanmper 22 |l ocated between iris.14 and natural lens 16. An

P comdat | AL Penssd i eens SRRy Aedimpingie HeAtethT by hElRe Hasien & 24
of posterior chanber 22. Flexible attachnment conponents 40 for

acconmodat i afjtwaflexblestttachengnteostonentiaintagsallafasmed withset ur ed from

pol yur et hane el astonmers to achieve the durability required of accommodati ng

| OLs. Fl exi blibsequentlyrattiiched ip one midge 4 eath af tueroptitapentigns 8hd 22thirdst  be
durable to flex mllions of times during a patient's lifetinme. An

acconmodat i ﬂgxib@—at%a"cﬂrﬁerﬁt\/dﬂngﬁdﬁéht iftegany eshmad WRRSr sabsaduendy after the
renoval of natural lens 16. Eye 10 al So includes an optical akxis QA-OA that

|'s an imagi ggg%&s ah UBboBRs 883e EALADr HBOMR GRS PoSivelnal anteri of

§i .
surface 28 nat ur I'ens” 16. Optical axis OA-OA

ingt EJPSI hrgﬁgwegéﬁ\éqigblir §pﬁ§€8§§k ‘1¥viRS rfgmlﬁfleﬁ{anteoelgst%‘retriﬂ%QibPJ cornea 12,
attachment components are balanced to achieve stability and minimize
decentration by each optic portion having a set of two flexible attachment
components integrally formed with or subsequently attached to one edge of
the optic and a set of two flexible attachment components integrally formed
with or subsequently attached o an opposite edge of the optic. Each
polyurethane elastomer flexible attachment component has an attachment
portion that permanently connects the flexible attachment component to the

outer peripheral edge of an optic portion. If the flexible attachment

component is of a looped design, the flexible attachment component has



9 VI1-'0O (12/~7SR3 PCT/ USOL/ ~~. ~GS Accommpdating 1OL 32 with flexible
attachnent conponents 40 of the present invention, as illustrated in
Figures 2 »Aug 11 but best illustrated in Figures 2, 8 pahfichPysks
identified generally by reference nuneral 32. Accommodati ng f{&_ §2 may be
of any suitabl e design, but for purposes of explanation not |[imtation, may

conprise a ﬁ@ﬁéx’ellymd gliagihehopordidns tvaterdahbaiecothiauities [gepec 34 with an
outer peripheral edge 36 and a negative |1 OL portion 35 having a | ower

et gned | ot AR e PRl (eI e Ristrste) AEITRERIT, ont o ey
10. Al Lvely, it L OL N 33 | d.in | le 24
and negat i veoED” B bares8t et Bekind Jeisd A BeBeB SES RIS e e o -

chanber intraocular lens to mnimze tjssue danage, such as that disclosed
.in U S Pat&MPRRENtS, a6t ahtwo bﬁ@@?@@%@!%ﬁw GoMpQnents maydiavepy
reference, and positioned wthin anterior chanber 20. When 1OL 32 is

posi ti oned thireéeHackmentpgiiane rathepthanfeun.oln guehia case,lane eidhe thnee33 i s
preferably positioned anterior to negative IOL portion 35 and anteriorly
vaul ted, i . ettachraerttpedtidresnsrabmmos té4achd theegas lovpet Pexibts bitachmént s
positioned posterior to positive I10OL portion 33 and posteriorly vaulted,

. e., vaulte@mbew@ﬁtglmﬁ{é 86, Eachfpd I!etthéﬁega %r’f%ﬂiéé‘g&gghrggntgbo m

measuring fromthe ane out er peripheral edges n tics 34

ospoct | ver gomRte iieihAfofia Pt desidf Bt hEURRLNES S FMEReRP B, or o

integrally for n perjpheral edges 36 and 39 of 10 '~ 0,02/ 7583

e Ot 11 1 opelEEihaieBithd SaCamantrondn 4T e sontact 85t Th e dnl v 1 vo,
three or four |ooped or non-looped polyurethane el astonmer flexible
attachment Bletisiasignesotoangags anines slitfass of a patiem=/eyRy ahe da¥bleporti on
42 and 45 respectively. Pol yurethane el astoner flexible attachnment
conponent s déntsalgontBrsrtbapextad distyweemtreycantbst flatessahdidherattact ment nanent | y
connected to outer peripheral edges 36 and 39 of optics 34 and 37 by

attachment peértioh aflow4he Hptie PBRIONSHNHIIRWRY Bdsitivd avd hbgaﬁt@é Fthent
conponents 40 and 43 may be attached to optics 34 and 37 by staking,

chem cal po (] I ég@q,s : i O the art.
Each flexible atdtrgt?éI %%%B%%ﬁgerﬁ anﬁ%@%@%%ﬁﬁagéﬁ\}g Igﬁggéd]ened
contact pl 41 ' i esl fer engage i nner
surfaces 5%ﬁﬂﬁﬁggy@apéﬁﬁ@gﬁéwowm%eq%%@é%gﬁ@%&@oﬁgﬁg eﬁFﬁt es 38 and
41 may be desjgned for djrect _contact as illustrated in Figures 3 and 11.
Such Hes: onBSiptians elastorer neiae aechiment eepanoRn disioiip da¥e havi ng a
trough 70 and contact plate 38 having a ridge 72 to achieve preferably
nonper manentesstesistance to kendisgyin seplana aenerdlheraltad ko e @Pth&ggklﬁ'iQfe | OL
portion 33 and negative 1OL portion 35 (Figure 11 ) or an extended tab 74

on edge 45 ah eyerharcin plpkre gdnarallyperpendicuiarfie thebbytical iy ofereeyes. but
alternatively permanent, interlocking with edge 42 of contact plate 38 of

posi tive | CByRppo¥iling polyUrEttEineteldstonfst fRRMISRacH et Wrhyéhere ith _
illustrated in Figure 8 contact plates 38 anpl 41 of positive IOL portion
33 and negatjnfichidy BRSEAEH HexbiltunButdbility Bhafactdrética®accommodating

IOLs are capable of providing accommodative visual effects throughout a

patient’s lifetime.



PCT/11S(11/-4~aC5 positioned so as to avoid direct contact upon placenent
within lens capsule 24. In accordance with the present invention, flexible
att achmeny, Fonpaaents 40 and 43 are designed so that when ploPuisddisss
inplanted in the |l ens capsule 24 of a patient's eye 10 and held in place

t hrough conpressive forces exerted by inner surfaces 50 on contact plates
38 and 41 of flexible attachnment conponents 40 and 43 respectively,

fl exi bl e attachnent conponents 40 and 43 flex so that contact plates 38 and

41 do not slide Nceﬂﬁlir%y,gﬁﬁea}?’ ebiofahe erﬁ%ﬁé{nﬂbﬁ%bm\fi&@ﬂé%b%

attachnent conponents re designed to flex in a plane generally

~ perpendi cul ar ,tp that of ti f . nd general ly parall el
to that of 85%(@&&350&@%@5@%@@&%?&E)f]'z_Ef g&?%ﬁ%‘%ﬁ%cment conmponent s 40
and 43 flex to achieve displacenent of, eosi,ti,ve | OL _Borti on 33, with respect
. to negative | OL poethespbiect o piegensinveations g areddaacrPmmadaingapsul e
24, negative | OL portion 35 may be fixed whereby only positive I OL portion
33 is axi al I9Lgfarplsecisdphakigehies\naving ﬂ@leﬂBﬁﬂﬁ#\({i@abﬁe chimadi ng. However,
it is preferable to nmaxi m ze accommopdative effects through opposed axi al
di spl acenentonfpdpents. posi ti ve and negative | CL portions 33 and 35,
respectively. Pol yurethane el astoner flexible attachnent conponents 40 and

43 of the presenfanghy&tbjeu of fidprskRtingdniich RABIRYAEdeRXdUraBle dur abl e,
accommpdative effect to allow an eye to achieve nulti-distance visual

i magi ng wt : LA I : kil f pol yuret hane
el ast orer fﬁg%g{ﬂggg?%%gﬂﬁ\ngﬁ%‘g@%%%@ﬁ%ﬁ{ éeg%'ﬂg{?g@ﬂééw 0 02! -17s83
PCT/ L1S01L4~~CS 43 enabl es ,axial displacenent.of optics 34 and, 37 in

opposi te directi é@%r&péecg&?meapreé@&m&ﬂﬁw bsfotoefﬂfgv'% %CPW‘?)C%@E‘E tines
within a patient's lifetinme, Conpressive forces of differing nmagnitudes

wi thin the 1Qhgdororsaip@rbaKicgasy Which arg nolatively.easyda rﬁ@'&ifﬁgtf-”%ont act

pl ates 38 and 41 of flexible attachnment conponents 40 and 43 to effect
approxi mat el y an Sillemaitheriobjectof the present mveotiomisdegirovidef |1 QL 32, such as
t hat caused by natural brain-induced forces within eye 10, results in

appr oxi mat elagcdmihatating IOLE, whlchairei diedblepprisedistarit & ddcsmpirativenwithinof

optics 34 and 37 along optical axis OA-OCA in an eye 10. By conbining a

hi gher di optsg e98§i tive 1OL portion with that of a | ower diopter negative

| OL portion, anadditive effect is achieved whereby even slight novenent or
axi al displ acene f j I 4 1 i 1 regard
to the | ower di ogihg e%@zqtﬂéggﬁ&mﬁ%ﬁﬁg\?@ééﬁgmgtﬁéﬁ g%%'gﬁ'g\f)é({)ﬂrtﬁﬁbnatel y

| arge increase in_accomodatiye effect., and i oV | ti-distance visual

i magi ng wi t IS6Re %\é{ﬁﬁ@r@ﬁ%%ﬁﬁ?@s@%%c.”bﬁa@r@@hﬁqs’gﬁaﬁr%’?@’ @lrt%ec[%n%se a
+50 diopter positive ICL portion in _conjunction with a -30 diopter negative
| OL porti on aparentdmmithrdetefied desprirtione drawings gnd claimsdbatiolew; east doubl e
t he acconmodative effect achieved using a single +20 diopter positive |QOL.
By addi ng axvimreih like features tiratiesippateddhelikedhwperals. posi tive | OL portion
wth respect to the | ower diopter negative |IOL portion) the accommodative
effects of 10OL 32 are even greater. The pol yurethane el astomer flexible
attachnment conponents 40 and 43 of the present invention with their

signi ficant 'B’R%DBES@RIWQWd)FtﬁHé@RAWIQGSlZU%P’ PCT/ USQL/ - 4el15 and
flexibility enabl e maxi m zed accommodative effects through the axial

di spl acenent of optic 34 with respect to optic 37 to allow an eye to

achieve reliable i=di.stance visual inmagi.n . i orces are
applied to eyel0 @E{%ﬁt B I?es‘%?@%'rc rg%egﬁeggagggl&qﬁg "ﬁ?@{@fﬂ‘g@‘a
characteristics of flexible attachnment conponent 40 and 43 of | OL system 32
as descri be®¥®ove are achi eved through the material of manufacture and the
uni que design thereof. As best illustrated in Figure 2, 10OL 32 has flexible
attachnment conponents 40 and 43 designed with flexible central portions 62
adj acent to attachnent portions 44 permanently connected to outer

peri pheral edges 36 and 39 of optics 34 and 37 respectively. Flexible
central portions 62 are essential in inparting the necessary flexibility to
the 1OLs. Flexible central portions 62 have a dinension in plane 46-46
generally parallel to optical axis OA-OA as



depicted in Figures 3, 9 and 11, less than or equal to but nost preferably
| ess than the sane in plane 48-48 generally perpendicular to optical axis
OA- QA as { in Figure 2, 8 and 10. Contact plates 3 e
relativelgﬁngﬁﬁﬁdth ei ther rounded edges 52 as depicted ?ﬁ%@ﬁﬁﬁ%ga% to
provide a snoother fit with inner surfaces 50, or nore defined, sharper
edges 54 as depicted in Figure 7 to provide a barrier to prevent cellul ar
m gration and grow h upon inplantation in |lens capsule 24. 14 WD 02/ 7583

PCT/USQL/ - 4~~Cs #l@uﬁg %ﬁsyn%?agwfo@gw Qn{rﬁoéi‘a?k}f@ |@jlt\ivﬁﬁ eéé%%?ﬁc 37

approximately 4.5 to ut preferably approXi mately 0 6.0 mm and

~nost preferabl. £ OXJ ly. 5. 5.t i | I, xi mat el y
.15 fm t o ROGORAFENBEE R o gdchafent HHedhs A g i 2ECHBRERE oot
preferably approximately 0.7 nmin thickness at peripheral edge 36.
. Flexible atWEBMers@(B‘rtrﬂb’@é‘HP@; 40 and 43 extend fromthe optic portions 34
and 37 respectively of QL system 32 in a general I%/' rounded or oval
confi gurati on andlGUREe3éea sidendewshthe |QL sysier of FighHtt & dependi ng on the
desired size of 10L 32 and the dianeter of optics 34 and 37. As the
di ameter of opti EKSOREME akcraks sectioralsdsw ofi theol@l aydtemesfgtiburef2 f | exi bl e
attachnment conponents 40 and/or 43 nmay decrease. Likew se, as the dianeter
of optics 3¢y RRHOKg e degrease, the overall length of flexible attachnment
conponents 40 and/or 43 may increase. However, as customary, the overall
| ength of the fl gy 3 [ to
achi eve desired F@Bg& gﬁé%%ﬁ%ﬂ%ﬁﬁﬁ%ﬂ%%&yé%g henl%gog{gs% n\éﬁf Slo‘%?i cs 34
and/or 37. Ln geger.ﬂ_lé Io%gea flexible attachnent conponents 40 and 43 as
i | | ust r at ed" ITEPHUIRENSTPEREYABS110 are forned to be approximately 2.6 to
6.0 mm but preferably approximately 3.4 to 5.0 nm and nost preferably
approxi mately 4. EIGMR.%nG IeA§ide viewsd thefexiblematiaghement CBW%‘GEFS fi st ance
bet ween common attachnment portions 44 on peripheral edges 36 and 39, to the
center of chiguneB withramndisl edgessl respectively. Looped flexible attachnment
conponents 40 and 43 preferably have a general l'y rounded or oval 15 WO
02/ -17sH3 PCT/ USEIGURELCiSa @psds spotishaloriewsfithe flexibkt stthchmdritgures 10 and
11 to all ow axial deflection under conpressive forces. Non-looped flexible

at t achment eeﬁgeneﬂfssofﬁgmmhaassﬂfté i) ERhRshti N Figures 8 and 9 are
e a y 2.6 b

formed to b proxi mat e to 6.0 ut preferably approximtely 3.4
to 5.0 mm and no r.all i { suring from
the mddle of at [IGHREne LaraD iR BiAPaGiarneraf I, WREBRATEE " 0% e
center of contact pl.ates nd 41 respectively. Non:|l.coped flexible
at t achnent E’Qf'ﬂf’@rré%{'%g r&%&ﬁ)@aﬂ@g}rggrgtbqgm]ﬁ%n\%ﬂtg %‘P%@r&&ﬁﬁd@h’ or oval
configuration as illustrated in Figures 8 and 9 to provide a suitable
stable fit ®ie piasenkiyestiplul e 24 while al l owi ng axi al deflection under
conpressi ve

FIGURE 9 is a side view of the [OL of Figure 8;

FIGURE 10 is a plan view of an accommodating 10L with each optic

portion having two flexible attachment components made in accordance with

the present invention; and

FIGURE 11 is a side view of the 10L of Figure 10.



forces. For purposes of the present invention, the generally rounded or
oval shape of |ooped and non-| ooped fl exible attachnment conponents 40 and
43, i.e. ., wde m curve shape, relative to the width to tpl gatio,
i.e., the aspg(?%%r atio, of flexible attachnment corrponentstpggmasg?ﬁé as
described herein is critical to achieve suitable function. Flexible central
portion 62 of flexible attachment conponents 40 and 43 is approximtely 0.5
to 2.5 mm but preferably approximately 1.0 to 2.0 mm and nost preferably
appr oxi mat ePETg;\.lgEm%gghﬂﬂglth CTHRXINEEETION- 2 tol.0 nm but preferably
approximately 0.3 to 0.7 nm and nost preferably approximately 0.46 nmin
~width in plane 48-48 and approximately 0.2 to 0.7 mm but preferably

approximately 0.3 to 0. nd nost preferably approximatel y.0.43 mmin

t hi ckness in pla @Uﬁ%?ﬁjg’.s’% ﬁﬁmﬁl‘f@e‘éa@@hﬂﬁgﬁfyﬁﬁ Sjt?é\‘"?)g(i mately 0.8 to

. 16 V1-' O (1217s83 PCT/USQL/ ~-4G5 2.5 mm but ?r eferably approximately 1.0
to 2.2 nm aladmk spreluggsarsigvaiife ha implaniation @ ﬁmlmtraq%l?(@'tlﬁr)s g oxi mat el y

0.05to 0.5 nm but preferably approxinmately 0.1 to 0.4 nm and nost

pref er abl y withmpokiurethahy elastomer flaxible atkackewerd cdmpopeois ofdhelpyeseré to 1.5
mm but preferably approximately 0.8 to 1.2 nm and nost preferably

appr oxi mat ejnyehtién.MEyeM Mindlutiestsn o?tmaugleﬂeetrimmmm bad dimigsgigons of 10L 32
above, | ooped and non-1ooped fl exible attachnment conponents 40 and 43 are

relatively phy(ch érgstgﬂfﬁa?e 168néta @ﬂﬂé%@tagr%'lg%agé% géh@'aﬁné%rié hggggh to

attachnment portion and optic portions fl exible central
portions 62 preferably~exhibiti 0| r_.di | i, | . .4G-,46 t han
Phat of theolrdbn Fre SPERD ki3 bt B0k e R PO E et o 40
and 43 of the subject I system 32 tend to resjst deflectjon.into closer
P o ity W SRRSO ARG 22 ledgied BRbwaRa 1014 8af GaiTobepe dherin
conpression force is exerted agai nst contact plates 38 and 41 to nmaxim ze
axi al di spl aeeemmodatiog {OloSRi welldamess typically benmaplagieddmenmeantyle ¢ 32 is
used as a refractive lens) stable, reliable nulti-distance visual inmaging

i s provi dedof postedeschabdr 2Xi léxible atteehaent costpooents 40 foti bl e att achment
conponents 40 and 43 of 1OL 32 may | i kewi se be achi eved or enhanced by

ir Iﬂgggﬁor ?tn i gﬁ%&girﬁddbﬁﬁ@ia)g 32| SFTRBpré&$dnt ifventien afa pfarefactuMdifomvery thin

polyurethane elastomers to achieve the durability required of

accommodating IOLs. Flexible attachment components 40 of

accommodating IOL 32 must be durable to flex millions of timés during a

patient’s lifetime. An accommodating IOL 32 is typically implanted in lens

capsule 24 after the removal of natural lens 16. Eye 10 also includes an

optical axis OA-OA that is an imaginary line that passes through the optical

center 26 of anterior surface 28 and posterior surface 30 of natural 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.



nore flexible attachment conponents 40 and 43, as illustrated in Figure 8.
Stiffening el ement 60 nay be positioned in flexible attachnent conponents
17 VI' Qy2d2/in83 PCT/USI 11 /~~~fiS 40 and 43 so that W decefushi/eaes f! at
face 62 is oriented in a plane parallel to that of plane 48-48 so as to be
thin axially in a plane parallel to that of plane 46-46. Stiffening el enent
60 functions in a manner simlar to that of an | beamin construction to
maxi m ze axi al displacenent al ong optical axis OA OA when conpressive force

i s applied to comagmmbabfit Qﬁ_@?%iﬂlﬁlex@?&ia@t@%hnﬁﬂ to@pbRentsl4pent 60 may

be fornmed of a less flexible polyurethane material than that of I COL system

. 32. Stiffen] I . i Ca I re layers of a
mesh, scr ee%%ge\%ggﬂﬁ@&gﬁ@?'g%s'ﬁ@%{ﬁ%%Mﬁlbgf%%%iﬂ%ﬁggrqiﬂéuq% Sfenpart t he
desired flexibjljty aracteri st] descri.bed herejn. Stiffening el enent 60

Ty be. usedlnRtralse i 0oes iPtand | i FEHEES ARREAY RIGRIVRER BURSTad 43

descri bed above in cases where a thinner haptic design is desired while

still achi e92ngAdcomiesdating [Siladl maybewiany switalile degigohbutdert eri sti cs.

Suitable materials for the production of optics 34 and 37 include but are

not | i m t edptipdsesddizxplamation mpt kraitatidre may eomptise agositived Okl portiome
pol ynmers, hydrocarbon and fluorocarbon polyners, hydrogels, soft acrylic

pol ymers, p@Byesiry 8 higher irdpteesptic® with eihhaier pefipharaneddese BRGS W t h

hydr ophi li ¢ nononmer units, fluorine-containing polysiloxane el astonmers and

combi nat | O”Eegé‘t“r‘\fee%t Pgﬁﬁmpiseﬁﬁx%ggg | [af&(’i:ibgﬁer‘;]cgd’ icthG\NEl;i 9flYedron of 1QL 32

of the present 1Tnventfonis a rophobi c acrylic or

silicone with.a high refractive index ugh .as, for anpl roxi mately

T araor or BEEhIaRerGE b BpoBriREYe 1 SR8 HebBbeR IR Ba BT 1 he
production of I1COLs to inpart 18 VI'O (12/7583 PCB'/ USU1l /. .t.t.~l~5

hi gh opti caPrgferadly in lens sansweRAdnefa Palignts aye thnAlarnatiyelysporitive nat eri al
with a high refractive index, visual acuity deficiencies my be corrected
usi ng a t hi Kdleportin 32enay be pkacdd ¢ lensoapshite 24 antl pegativel K3l patlios i n t he
production of IOL 32 due to their nechanical strength, which is suitable to

wi t hst and c@fshagbahhenyfagiredbs arstamddrdtanderior dhanitserintraddudardess &st oner
mat eri al useful for the manufacture of the subject flexible attachnent

CrRoraal s B Hlshe Broe A guam uEIoRa WSS PaRAN! 31 and e
5,300,117, incorporated herein in its entirety by reference, and positioned
within anterior chamber 20. When IOL 32 is positioned within lens capsule
24 of eye 10, positive IOL portion 33 is preferably positioned anterior to
negative 0L portion 35 and anteriorly vaulted, i.e., vaulted toward iris 14,
and negative |0OL portion 35 is positioned posterior to positive IOL portion 33
and posteriorly vaulted, i.e., vaulted toward retina 18. A vaulit of
approximately 1.0 to 2.0 mm measuring from the plane of outer peripheral
edges 36 and 39 of optics 34 and 37 respectively to the plane of haptic

contact plates 38 and 41 respectively, described in detail below, is generally

suitable. Preferably integrally formed on peripheral edges 36 and 39 of

10



such as but not Iimted to a 2000 nol ecul ar wei ght pol ytetranethyl ene
gl ycol, nethyl ene di phenyl ene diisocyanate and net hyl ene di am ne material .

The subj egly h)sS%ibl e attachnment conponents 40 and 43 may ?@Tﬂﬁ{iﬂjﬁ&t ured by
preparing a solution made of pol yetherurethane urea in di nmethylacetam de.

Very thin sheets or curved sections of the polyetherurethane urea materi al
may be made by di p-casting. Dip-casting is achieved by di ppi ng a nmandr el
into the pol yetherurethane ureal di net hyl acetam de sol ution. The thickness

of flexibl eoarcggdggﬁ@wmwa%ﬁﬁo.{é%@%geufg%w398,%[& g.eggg)ag@@a drumber - of

di ps of the 'man nto the solution. -castin Suitable for

. formng curyed, fl exi ch conponen Q_and 43 dependjing ,on the
desi gn desi'?@’g!oolp%’i@l%kﬁ%ee%%@egﬁéfgﬁ%ﬁ?é%%%%éﬂ?%ne?[gs gh@%ﬂs are cut
ff th | for att t t [ ti 34 and 37. A flat sheet of

pol yet her urb FRSRSCHYSi, FRPRRRUNG A RAKHON B9 SpsiAs rppesvel. o

pol yet herur et hane 19 WO (12/-17S83 PCTIUSI | 1/-L-4-41iS

ur ea/ di net hyelygetbane elastoer texiklatadtaghmeat cpmaosenis 4andhdgra film

casting knife on a flat plate. individual flexible attachnment conmponents 40

and 43 may priefarably intdgralty firmededt amhpéinearsdrdigtcorectdftoramter, t he subj ect
fl exi ble attachment conponents 40 and 43 nay be permanently attached to

optic portigdfphidalstthed/3®und BIRIFApEcEBE Bpd:7 Hy hitdbidehtboighs him ted to

fastening within a pre-forned optic slot 100 using glue, staking, plasm

treatment, Aoty tRivdek KA SuaC RARDLARBOANRS USROS aliiough the

t eachi ngs of i'nvention are preterably applied

fol dabl e | ti f f | dabl ible materjal, th

may al so beRlpad Grenarkiand 37 b st ceai el RO R R o Ao o
relatively rigid material such as pol ynet hyl net hacrylate (PMVA). Optic 34
of IaL 32 caRtssisdnione fa thespakbedin thaart.oFash Jesibinaasyment

component 40 and 43 also includes a broadened contact plate 38 and 41
respectively designed to preferably engage inner surfaces 50 in lens
capsule 24 of eye 10. Broadened contact plates 38 and 41 may be designed
for direct contact as illustrated in Figures 3 and 11. Such designs may
include, but are not limited to, contact plate 41 having a trough 70 and
contact plate 38 having a ridge 72 to achieve preferably nonpermanent, but
alternatively permanent, interlocking of positive IOL portion 33 and negative
IOL portion 35 (Figure 11) or an extended tab 74 on edge 45 of contact plate
41 to achieve preferably nonpermanent, but alternatively permanent,
interlocking with edge 42 of contact plate 38 of positive IOL portion 33
(Figure 3). As another alternative, best illustrated in Figure 8, contact plates

38 and 41 of positive IOL portion 33 and negative [OL portion 35 may be

11



+20 diopter or greater but preferably approxi mtely +20 to +60 di opter and
negative optic 37 of I10OL 32 can be a negative powered | ens of approxinmtely
- 10 di opt @ip @f4748Ss but preferably -10 to -50 diopter. OptpigHsafliapd 37 may
be a conbi nation of biconvex, piano-convex, piano-concave, biconcave,
concave-convex (neniscus) or a diffractive-type |lens el enent of any shape,
dependi ng upon the power required to achieve the appropriate accomodative
effects for nulti-distance visual imaging and to achi eve appropriate
central andp@@iﬁbﬁé@‘s@'asttb!a%lbeéi%ét%nﬁcfthﬁbﬁ@‘ao’éﬁ%ﬂt'\nﬂﬂl\iﬁféhsfdagsmé hin the
eye 10. Fromthe perspective of fit within eye 10 and 20 ~1"0 02/ -1t7583
_ PCT/US(Il/.bZ-4GB performance, preferably positive 1OL portion 33 is
convex- pi ano and negative | OL portion 35 is piano-convex so the piano
surface of positjve | orti 33 is in clgse proxinty to the piano
. surface of negat’W@CQO%a'g‘E?ertgﬂh%E,reS@unﬁ 'W@ﬁo%rfw%\%}tﬁ‘,gh%@fti ve | OL

portion 33 is convex-piano and negative |IOL portion 35 i s concave-pi ano so
t he pi ano sGPMReBedts ‘&)@N g @re desjanetiserthgbwhen QL 3208 dmplasiedrint ihet o t he
concave surface of negative IOL portion 35. Optics 34 and 37 of the subject
| OL 32 may tgnisi capsuley2hef & patiedt sveyd 16 agiddradd ireplace ttmoughreontiGessive
approximately 0.25 to 2.00 mm but nore preferably approximately 0.3 to 0.6
nm and -nost fareed exetéd bP ifnensurfaces 80lbrechrasetiplates B8rame4 i Rgedblecdge 36
and 39 for reducing glare when outer peripheral edge 36 and 39 of 10OL 32 is

struck by | bﬂﬁéhrﬁeﬁﬁédrﬁgor%ﬁégodéﬂdJi@révéﬁgagééélgmex%e%fttppgﬁﬁg%ti mes when

pupil 58 is dilated. dare reduction zo s typlca ricated of the
same nateri i 7, Q ue o} ored .qr patterned
in a conven?%@%gpg%nﬁ?%légggégﬁ? tg??éﬁ‘%ﬁ%@%els a'i"%"’ﬁld&’n%&va"ﬁﬁ opti cal
axis OA-OA. JOL 32, ma r. may not,k be qf nitary design. Optics 34 and 37
may be nol d@ @rsmﬁgﬁﬁéf‘@rﬁéﬂ{@ W&@S@uﬁ@ﬂ%@yﬁqmerﬂw&%t% sks from
a material of choice as described in U S Patent Nos. 5,217,491 and

5, 326, 506, éd@mdidkarepdrsignred tociiey v a planepeserallyqieypendicalas tethad of | f

manuf actured from di sks, positive and negative optics 34 and 37

respect i vel ppties 84 smd (37nefd OLr 32rand generdlly giasdlkel torthat obopticdliaxisaDAranner . 21
V1' O 02/-47SS3 PCT/ USQOL/ - ~~. ~CS Once machi ned or nol ded, positive and

negative opU/csf Sy 0dFiekilsie atttaHimeAEBombbAerts 20 AN E43fEREH ZBRBVEOTPONENT S
40 and 43, polished, cleaned, sterilized and packaged by a conventi onal

met hod knowgishidelifift of bHid 100 JoforP83 with Fespient'tS nd3gfive TOLYEER PY

creating an I'hci Sl on in" cornéa pS ving natural |ens 16,

i nserting nggatjyve ortion 35 a ositive | ortion 33 as a unitary
devi ce o 1 ch YVEEIot; 3B bhahpt @MaTeR cansis o8, Brdadviail aditoR
Preferably, IOL portions 35 and 33 are inserted into capsule 24

i ndi vi dual | $ote2¥Pe dxed yhezaky eply Rasiived Ok prjtiom 43 dsraxiady disptacedde
achieve multi-distance visual imaging. However, it is preferable to maximize
accommodative effects through opposed axial displacement of both positive
and negative IOL portions 33 and 35, respectively. Polyurethane elastomer
flexible attachment components 40 and 43 of the present invention enable
IOL 32 to achieve maximum, durable, accommodative effect to allow an eye
to achieve multi-distance visual imaging without the aid of eyeglasses. The

durability of polyurethane elastomer flexible attachment components 40 and

12



size. Alternatively, IOL 32 may be used in eye 10 by creating an incision
in cornea 12 and capsul e 24, renoving natural |lens 16, inserting positive

| OL portigiy 337kf3t 0 capsule 24, inserting negative | OL poRplhaR)gpubit O
anterior gﬁ)anée‘r 20 and closing the incision. 10OL 32 equi ppeg wth the

pol yur et hane el astoner flexible attachnent neans of the present invention
provi des an accommodating | OL suitable for use in an aphakic eye 10.
Fl exi bl e attachnment neans 40 and 43 are durable and have flexibility

characteri sgg %ﬁﬁbfé%%ﬁ%@@é%ﬁe@gﬂ%%‘ﬁgﬁ%ﬁi d 8 ﬁﬁ{)ﬁ&?‘éi‘f%ﬁire%ﬁoﬁ’?“ cs 34 and

37 along optical axis e ereby enabli’ng an eye to achi eve

mul ti-dista visual i, l i { ho . id..of A sses..Wiile there is
shown and d@éﬁgi 3' aL%)f'g?ﬂd"g%? &aﬁg%" i@@@msr‘gc’gﬂﬁ‘(‘?a%ﬁﬁ@p@?@%% pr esent
invention, it will_be manifest to those skilled in the ﬁrt t hat vari ous
. modi fi cat i okf§tifgy GRMRERRSIVA of ﬁ%rmg R@onHedes wehipne rgngerh2/ 7583
PCT/US(11/~. 1~Gb spirit and scope of the underlying inventive concept and
t hat the saapprogimately 0.4 toddmiNoexdrtedoagainsidantadt plates B8raridvt kbbwn and
descri bed except insofar as indicated by the scope of the appended clains.

23 WO U2/ fiéxibi®3atiachingérticoRipbndhts 43 and Ui3Sokffebhaporosmateht amgveralir aocul ar
lens to be inplanted within an eye generally perpendicular to the eye's

opti cal axi g CARPIH diaRtbtePedrbilssRHicIORSId, BIBh 8k sl udetiby Myl hi gher
di opter positive optic wth two or nore polyurethane el astomrer flexible

2t achrent GorpaIeD BRUIIAT Y18 AREHRd, Lholdiinkld o oiheto 2811 pher a

edge to forma ens a secon peripheral e defining a

| ower diopter negative optic, wi.th.t or r ol yur et e, el ast.oner

fext bl o at e ARETANeE ApBpast ShipthisnlAesnelt ol A 37 PSR out o
peri pheral edge to forma negative lens, to enable a cquressi ve force
sufficient 8WSEALA iman ayentl.i By epabinieg advafnraieptenpesitivalQL pegion ve | ens
to result in approximately 1.0 mm of axial displacenent of said positive

optic w th withihst oftalower diopter negative IOL portion, an additive effect is

achieved whereby even slight movement or axial displacement of the higher
diopter positive IOL. portion with regard to the lower diopter negative 1OL

‘portion results in a disproportionately large increase in accommodative effect
and improved multi-distance visual imaging without the aid of eyeglasses.
For example, if one were to use a +50 diopter positive |IOL portion in
conjunction with a —30 diopter negative |OL portion for a combined +20
diopter effect, one achieves at least double the accommodative effect
achieved using a single +20 diopter positive IOL. By adding axial
displacement of the higher diopter positive IOL portion with respect to the
lower diopter negative |OL portion, the accommodative effects of IOL 32 are
even greater. The polyurethane elastomer flexible attachment components

40 and 43 of the present invention with their significantly superior durability

13



said negative optic along the eye's optical axis to enable an eye to
achi eve nulti-di stance visual inmaging. 24 WO 02/-17583 PCT/ U S(11

L~-4~(>, o @y7agcomodating intraocular lens to be inpl a@qujswi,?nm an eye
general ly perpendicular to the eye's optical axis conprising: a first outer

peri pheral edge defining a higher diopter positive optic with two or nore
pol yur et hane el astoner fl exible attachnment conponents permanently connected
to the first outer peripheral edge to forma positive |ens, and a second

outer peri pgtﬁﬁfﬂexﬁﬁhﬁgeﬂ%k%?ﬁnﬁzicf’%&orﬂlin%éﬁ&? 8@%@% itlYl%uQHttﬁé alidih two or

nmor e pol yur ane elastoner tlexible attachnen onent’'s permanently
connected tq.the o ter ripheral e fprma negatiye lens, to

" enable a coﬁﬁ&)&cﬁ?ﬁ%nq;bgpﬁﬁcgﬂf@ﬁkf%q Cﬁ? %[fq%g#t %aal VHANRYPC Sl Ber
conpression of said sitive lens to, result in approxjmtely 1.5 nm of

_axial displ 5@@@%@%@3%r&%\6§w$i'magwtw'eewmpr forges aig aprliedat i ve

optic along the eye's optical axis to enable an eye to achieve

mul ti - di st aleyel@withouhihgiusg of Byeglagses 02/ -47s83 PCT/ US(I1/~~~Gs 3. An

acconmmodating intraocular lens to be inplanted within an eye generally

per pendi cul ar t o Thiedlestiiity chptacteristias iof flexibler attaahgnerd compinemtiderand
peri pheral edge defining a higher diopter positive optic wwth two or nore

Fg' %’lﬁree]'f P?g?ﬁiﬁ‘@l.@%ferﬁ BoXdd & cfibba dhERB aré 8BRRVEA tsrol gk RS AHtbyaiconnect ed
of manufacture and the unique design thereof. As best illustrated in Figure
2, 10L 32 has flexible attachment components 40 and 43 designed with
flexible central portions 62 adjacent to attachment portions 44 permanently
connected to outer peripheral edges 36 and 39 of optics 34 and 37
respectively. Flexible central portions 62 are essential in imparting the
necessary fiexibility to the IOLs. Flexible central portions 62 have a
dimension in plane 46-46 generally parallel to optical axis OA-OA, as
depicted in Figures 3, 9 and 11, less than or equal to but most preferably
less than the same in plane 48-48 generally perpendicular to optical axis
OA-OA as depicted in Figure 2, 8 and 10. Contact plates 38 and 41 are
relatively flat with either rounded edges 52 as depicted in Figure 6 to provide
a smoother fit with inner surfaces 50, or more defined, sharper edges 54 as
depicted in Figure 7 to provide a barrier to prevent cellular migration and

growth upon implantation in lens capsule 24.
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outer peripheral edge to forma positive |lens, and a second outer
peri pheral edge defining a | ower diopter negative optic with two or nore
pol yur et hgpg,ghast onmer flexi bl e attachment conponents per gaaRy)l Y goNNect ed
to the secon& outer peripheral edge to forma negative lens, to enable a
conpressive force sufficient to effect a 1.0 mmin dianeter conpression of
said positive lens to result in approximately 2.0 mm of axi al displ acenent
of said positive optic with respect to said negative optic along the eye's
optical axis to gma n ' L= i ' - ing. 26
W0 0207583 P T2 AP LNl Jal L MANS opict B A ST SRIEmRRE' 1S e
. i nplanted w, t.hi n_e enera er pendi c the eye's optical axis
conpri si ng\:%'grfqpirbr'gtm'@ﬁEﬂgpﬁg?rﬁb%&lmgﬂ'{fieléfgﬁh hgj RMhRA B0 opt er
positive optic with two or nore polyether urethane elastomer flexible
. attachnent REIYSRENARPIBXIMRENR-Byo Sdhrwe inediametenand aprioxirugtely Bdpi pher al
edge to forma positive lens, and a second outer peripheral edge defining a
| ower di optrem teedd e, ptprefevahin approximatety @.6dol0/@ rimarandrimbstane el ast omer
fl exi bl e attachnent conponents pernmanently connected to the second outer

peri pheral eddeably dpproximateyed.7 vemligtisickfessTathetipheraredabi 38y Figiislaocul ar
lens of claiml1, 2, 3 or 4 wherein said flexible attachnment conponents are

fact y ght
manuf act ur egktddHfbRt cRﬂhfdﬁié]ﬂé 49@%@3&@@2 tife PR FBORE Bhdnd'E7 9

pol yt et r anet hyl ene gl yco nmet hyl ene ne di 1 socyanate and net hyl ene
di am ne nat er.l : ' ' n .clai.ml, 2, 3 or
3 wnerei n- seehesiydy of 15, 35EMTEE R 5dnkBu HGHIA 06505 1BhnbodiPhe: .1
e S T g hSSS B 8tehge i bvraf Yergtn 0&ending Gnthe desirad size of

IOL 32 and the diameter of optics 34 and 37. As the diameter of optics 34
and/or 37 increase, the overall length of flexible attachment components 40
and/or 43 may decrease. Likewise, as the diameter of optics 34 and/or 37
decrease, the overall length of flexible attachment components 40 and/or 43
may increase. However, as customary, the overall length of the flexible
attachment components 40 and 43 are varied to achieve desired IOL 32
sizes rather than varying the sizes of optics 34 and/or 37. In general, looped
flexible attachment components 40 and 43 as illustrated in Figures 2, 8 and
10 are formed to be approximately 2.6 to 6.0 mm, but preferably
approximately 3.4 to 5.0 mm and most preferably approximately 4.2 mm in
length measuring from a point of equal distance between common
attachment portions 44 on peripheral edges 36 and 39, to the center of
contact plates 38 and 41 respectively. Looped flexible attachment

components 40 and 43 preferably have a generally rounded or oval
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said negative optic is axially displaced upon conpression. 8. The
accommodating intraocular lens of claiml, 2, 3 or 4 wherein said negative
fens and Q@ @upa3itive lens are both inplanted in a | ens ggprkhesQks an eye.
9. The accommpdating intraocular lens of claim1, 2, 3 or 4 wherein said
negative lens is inplanted in an anterior chanber of an eye and said
positive lens is inplanted in a |l ens capsule of an eye. 10. The
accomodating intraocular lens of claiml, 2, 3 or 4 wherein said optics

are formed @infigutloiodd Rustrae@RFGREES JHaL B ihlow dxiall B8fIéEBRAMat i ng
intraocular lens of claiml1, 2, 3 0r 4 wherein sald positive and negative

. optics are f : 3 [ ' i als
ol cored froNaRonac e ioRks RbRGiodd fdBRBtaEnflebl E5mBlndib .o,
pol ymers) fluorocar.bon pol rs, hydragel s, soft acrylic pol [.S

. pol yester, P %@ﬁsd@&trag‘aﬁ’ WF@PE%%%P“@?% ?@JRE“%@F‘&E‘@@?W@’BW%@?@pm lic
nmononmer units and fluorine-containing polysiloxane el astoners. 28 WO

(12/ 7583 PdP/Q&mry byt preferably anm@leai@lm%‘@jéﬁ PgMimard seeat arefeeatly of claim

1, 2) 3 or 4 wherein either one or both of said positive and negative

optics are approgicndtelyd.2 rydndedgthinceasuring droopbebmiddlerofl i ¢ material . 13.

The accommodating intraocular lens of claiml, 2, 3 or 4 wherein either one

or both of stgddhniertigorien 48bnNesfsHeysl cdlges G5 AE39 aoRE cbhfdinop Si |l i cone
material. 14. The accommodating intraocular lens of claiml1, 2, 3 or 4

wherein el ! ifiia@ftates ki 21 ragbékign tN&ﬁ-l@@&éd“ﬁ&%lla}é%ta[%Hfdfﬁi are formed

froma materi a ving a refractive I ndex aboVe approxi nate 474. 15.
The acconmo i it i ] 4 rein said
flexible at ?@ﬁﬁ%ﬁtgé@%éﬁﬁééﬁlf&?%g g\%}w%ﬁallﬁ r8FPr@%%PB§®$n a pl ane
general ly perpendicular,to the eye's optic axis . to be _greater than or
Gaval 1o o CHTIGHEER 45 1kSish R SIoRTPaR g RS PIAdS B SuifebEyale Se | ol
axis. 29 WO f12/7583

within lens capsule 24 while allowing axial deflection under compressive

forces. For purposes of the present invention, the generally rounded or oval
shape of looped and non-looped flexible attachment components 40 and 43,
i.e., the beam curve shape, relative to the width to thickness ratio, i.e., the
aspect ratio, of flexible attachment components 40 and 43 as described
herein is critical to achieve suitable function. Flexible central portion 62 of
flexible attachment components 40 and 43 is approximately 0.5 to 2.5 mm,
but preferably approximately 1.0 to 2.0 mm and most preferably
approximately 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
width in plane 48-48 and approximately 0.2 to 0.7 mm, but preferably
approximately 0.3 to 0.6 and most preferably approximately 0.43 mm in

thickness in plane 46-46. Contact plates 38 and 41 are approximately 0.8 to
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PCT/ USO1 /~~~1i5 16. The accommodating intraocular tens of claiml1, 2, 3 or
4 wherein a glare reduction zone is fornmed adjacent to the outer peripheral

edge of e{lBiy7e3e or both of said optics. 17. The accompgagiisiPistos
intraocular lens of claiml1, 2, 3 or 4 wherein one or nore of said flexible

attachnment conponents includes a stiffening el enent having | ess resistance

to bendi ng 215 sm)| buteprgfenebigldpprodmaltdle!1.0 o 22 miearsd st padferabiys than in a
pl ane generally perpendicular to the eye's optical axis. 18. The

accomodat | nhoraliaRAY & i 191eAbie bR dmately 808 D B one or more of

said flexible attachnment conponents I'ncludes a sti ment formed

. froma pol yyr Lal . ~ 00 8 A/~ 1.1 19. A
method of . mReEalg APt 0 A TR A RS R PV B R m 1, 2, 3
or 4 conprisjing: formng two disks fromthe sane or different suitable

. materials, i)aggﬁ“ﬂi'%ﬂ“%kr%ﬁiaﬂd\/%o‘?fﬁi“i“@tﬂy&rgé%é-ﬁj'i“gk,bbﬁ’é’éﬁi’fﬁﬁ‘t}% a negative

optic fromthe other disk, and permanently or non-permanent|ly connecting

sai d opti cs ampPreximate!y P-&isr b2gemyanc mash erajerabiy gramsimaiebt hérﬁ@mdhast oner

fl exi bl e attachnment conponents. 20. A method of manufacturing the

accommodat i mgdthat raocul ar lens of claim11, 2, 3 or 4 conprising: nolding a

positive optic of a suitable material, nolding a negative optic of a

sui tabl e mat eri alps radidedrtRRARA thE diheRSiBnBoF MBIN8RIdhoVEORRPEH Mg Sai d
optics with two or nore pol yurethane or pol yether urethane el astoner

flexible attpchRBRLy ARBRIGRichment components 40 and 43 are relatively thick in

plane 48-48 at contact plates 38 and 41 through to attachment portions 44
and optic portions 34 and 37, with flexible central portions 62 preferably
exhibiting a thinner dimension in plane 46-46 than that of the width in plane
48-48. Looped flexible attachment components 40 and 43 of the subject IOL
system 32 tend to resist deflection into closer proximity with outer peripheral
edges 36 and 39 respectively when a compression force is exerted against
contact plates 38 and 41 to maximize axial displacement along optical axis
OA-OA. When accommodating IOL 32 is used as a refractive lens, stable,
reliable multi-distance visual imaging is provided.

The desired flexibility characteristic of flexible attachment components
40 and 43 of |IOL 32 may likewise be achieved or enhanced by incorporating
a stiffening element 60, in the shape of a wide, very thin ribbon, in one or
more flexible attachment components 40 and 43, as illustrated in Figure 8.

Stiffening element 60 may be positioned in flexible attachment components
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31 VI-"O112/-47583 PCT/ USOL/ ~~~1~5 21. A nethod of using the
accommodating intraocular lens of claiml1, 2, 3 or 4 conprising creating an
i nci sion {\p @.Gsnea and | ens capsul e of an eye, renovingparRahpsaks ! ens of
said eye, and inserting a |lower diopter negative intraocular |ens and a

hi gher di opter positive intraocular lens into said |lens capsule of said eye
as either individual lenses or as a unitary device. 22. A nmethod of using

t he acconmodating intraocular lens of claiml1, 2, 3 or 4 conprising

creating an4ongi¢i8Boithatavigeoreroad fat e 6258 DHEAteA in A plAKE par @Y Ny a
natural |ens of said eye, inserting a higher diopter positive intraocul ar

clens nto sang orifine A0 & O 185 iR ialk) i al SR bhidfleficl MMLEr Bt ©f

negative intraoc 'ens 1nto an anterio r-of said eye. _
Pt aocul ar PsHE SHTENAG FaeR B0 BgiRE HER PR R 36 (R G el <1 on 1 n
a cornea and | ens capsule of an eye, renoving a natural |ens of said eye,
i nserting abesiem epnsustioniqyamepiraizexal isplagemenialong eptical @xis€RA- capsul e,
and inserting a higher diopter positive intraocular lens into said |ens

OA when compressive force is applied to contact plates 38 and 41.

Optional stiffening element 60 may be formed of a less flexible

polyurethane material than that of IOL system 32. Stiffening element 60

may be fabricated using one or more layers of a mesh, screen, webbing

and/or sheet polyurethane material to impart the desired fiexibility

characteristics described herein. Stiffening element 60 may be used in

conjunction with flexible attachment components 40 and 43 described above

in cases where a thinner haptic design is desired while still achieving the

desired stability and flexibility characteristics.

Suitable materials for the production of optics 34 and 37 include but

are not limited to foldable or compressibie materials, such as silicone

polymers, hydrocarbon and fluorocarbon polymers, hydrogels, soft acrylic

polymers, polyesters, polyamides, polyurethane, silicone polymers with

hydrophilic monomer units, fluorine-containing polysiloxane elastomers and

combinations thereof. The preferred material for the production of IOL 32 of

the present invention is a hydrophilic or hydrophobic acrylic or silicone with a

high refractive index, such as for example approximately 1.474 or greater. A

high refractive index is a desirable feature in the production of IOLs to impart
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capsule of said eye anterior to said |lower diopter negative intraocular
| ens. 33
AHS’7AA§OAU]>_‘7Q,3A A AAs. AAs.AAAA.As. AAA As. As. A A D1 A6HS- As. As
A A As. AW
B{vql gb] X] ca] ca] caj] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]c
<a]ca]ca]ca]calcalcalcaUca]lcalcalcal'( p uw
Q0} (j E~, u{vql gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca

] ca] ca] ca] caﬂ.wbg&&a%&@%%h&mﬁlmw ﬁ@t@me%és'swé@ ) W?W%WW

mhc”~Y] ] ca] calCa] ca] ca] ca] ca] cal ca] ca] ca] cal cal ca] ca cajcajcalc

' ﬂ\/gﬂs?Lgilﬁﬁ rﬁd%af'ﬂ ca Ca/% %&Heﬂch&] ngf%)l])(% G]@: G]B%l]'%a] c;a]ggg
- 533DaabEbo@A T G0BI o e i @%nakq‘?i‘é B Eafeafe B 0apiafenis o2 ca

ca]ca]ca]calc éJJ_ca caj ca&zca] ca] ca], ca] cajcaljcalca)cal71888: ::::,:
@@ @ oo @bl I@éﬂ-ﬁ @mmmamm|S¢ﬁeﬂﬁﬂnwl]|@a18c%wt@a]ecf@]w&]aiaq\@a] cal]ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca]ca]ca] ca! LLLL
MGANOOR PPPQZ QQaBReRaiie RRRSISAMah gletoix# Y<Z{ vql gb] X] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal]c
al <ZZ7Z[ Z[ [[ 9\\\  ]THe pdiyifrethaneMlastondétafaterial useful for the manufacture of the
bTbbb8cccc} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca]ca]ca]ca]calc

a] ca] ca] ca] %@bﬁﬂﬁ%ﬁlﬁﬁdﬁﬂm&ﬂ]&%;fﬂm 80'anE9IESrEPARG S polyether

fffgl hhhli Tj)

ol cal cal cal ?5%%%3]%%}%@%@}*@3% %5%@49%5&3%%%%%%&?@? i %f%r]aii‘]siil et
LR RO T

V?#HB} xsni d_ZU] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca
] ca] ca] ca] cane y@pcﬁplaa]ﬁ%ne:d‘]amyeapmmmeﬁm]mﬁ iAmine masetall ca] ca] ca] cal
cal] ca]l ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca]ca] ca]calca
] ca] ca] ca! &g(8{ 1jTHe suigeotdlegiblexhitativabntdorapondria Hoamd 3 alaydieal ca] cal cal
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca!;

D&g, qKId) O} xsghkaélurs@ by al&driial & 3bRAbA Fh&A & gét‘ha}méiiﬁa%]e%bs% calcajcajc
a] ca]zgg] \(l:va] ca] ca] ca] ca] ca] ca] ca ca] caj ca] ca! Qu ] call ca] ca] cal cal
ca] ca] ca] ca]ca c F@a I'fé%]tf ﬁ%@ﬁgﬁgﬁ%ﬁ@h?) | yzupkf a\ W ca] ca]
cal cal cal ﬁi}p‘:@iﬂ%ﬁ? 5@ ie%é‘zb’baai%@lrﬁ%%éa] Cvéecﬁ] R G ER] PRt ]WUJL
Thoaa O CaGRle Y Giphing s manarsl thio the Pofyekierrethane °) ¢4l ¢4l cal cal ca
Y1090 & ()-! my109& ()-! Y109V ()-! S@0%2& ()-1090& ? NAE31090&' () - - 1099&
()-F109d & ()urga/;zam(a(nylacgm@e@olut@uoF}a@tr(qkness of flexible attachment
dE, / 3109%7& () - - Z10%& ()-*s10%& ()- (' 109%& ()- &109T& () -
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109 () - 1G4@he)solutioh0%@endipRlasBing may be suitable for forming curved
flexible attachment components 40 and 43 depending on the design desired.
Individual flexible attachment components 40 and 43 are cut off the mandrel

for attachment to optic portions 34 and 37. A flat sheet of polyetherurethane

urea material may be made by pouring the polyetherurethane
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knife on a flat plate. Individual flexible attachment components 40 and 43

may then be cut or stamped from the sheet.

Once formed, the subject flexible attachment components 40 and 43
may be permanently attached to optic portions 34 and 37 by numerous
methods including but not limited to fastening within a pre-formed optic slot
100 using glue, staking, plasma treatment, friction, or like means or
combinations thereof.

Although the teachings of the present invention are preferably applied
to soft or foldable IOL optics formed of a foldable or compressible material,
the same may also be applied to harder, less flexible iens optics formed of a
relatively rigid material such as polymethylmethacrylate (PMMA).

Optic 34 of IOL 32 can be a positive powered lens of approximately
+20 diopter or greater but preferably approximately +20 to +60 diopter and
negative optic 37 of IOL 32 can be a negative powered lens of approximately
—10 diopter or less but preferably —10 to —50 diopter. Optics 34 and 37 may
be a combination of biconvex, plano-convex, plano-concave, biconcave,
concave-convex (meniscus) or a diffractive-type lens element of any shape,
depending upon the power required to achieve the appropriate
accommodative effects for multi-distance visual imaging and to achieve

appropriate central and peripheral thickness for efficient handling and fit

within the eye 10. From the perspective of fit within eye 10 and
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portion 33 is in close proximity to the plano surface of negative 10OL portion
35, but most preferably, positive IOL portion 33 is convex-plano and negative
IOL portion 35 is concave-plano so the plano surface of positive IOL portion
33 is in close proximity to the concave surface of negative |IOL portion 35.

Optics 34 and 37 of the subject IOL 32 may optionally be formed with
a glare reduction zone 56 of approximately 0.25 to 2.00 mm but more
preferably approximately 0.3 to 0.6 mm and most preferably 0.5 mm in width
adjacent outer peripheral edge 36 and 39 for reducing glare when outer
peripﬁeral edge 36 and 39 of IOL 32 is struck by light entering eye10 during
high light or at other times when pupil 58 is dilated. Glare reduction zone 56
is typically fabricated of the same material as optics 34 and 37, but may be
opaque, colored or patterned in a conventional manner to block or diffuse
light in plane with optical axis OA-OA.

IOL 32 may or may not be of a unitary design. Optics 34 and 37 may
be molded or most preferably manufactured by first producing disks from a
material of choice as described in U.S. Patent Nos. 5,217,491 and
5,326,506, each incorporated herein in its entirety by reference. If
manufactured from disks, positive and negative optics 34 and 37

respectively, are machined from material disks in a conventional manner.

21



S10% u& ()-

10@y210%

10-u 10-u
10%@ () -
S10%&’ () -
109 () -

((D{))))dEbC

u& ()-,0 10% u& ()- @s10% u& ()-, (410% u& ()-, f &T10% u& () -
L 9$10% & dardes) )) *M*bC 10@ 910%@ () - S10%E () - " 10% Rty HOUE () -

10- U910% U& () - *** (+>+++dEbC 10@10%@& ()- L' 10%@& () - 310%@& () -
10%@& ()- 10%@& ()-+++8,j,,,dEDC 10@$10%@& ()- 3" 10%@& () -
109 ()-10%@& ()- ' 10%@& ()-,-<-}---.dEbC 10@ 1f 10%@ ()

o MLO%@ ()-  *10%@x ()- (nml0%@ ()-y&10%@& ()- .. ... 5.1.

Once machined or molded, positive and negative optics 34 and 37 are
equipped with flexible attachment components 40 and 43, polished, cleaned,
sterilized and packaged by a conventional method known to those skilled in
the art.

IOL 32 is used in eye 10 by creating an incision in cornea 12 and
capsule 24, removing natural lens 16, inserting negative IOL portion 35 and
positive IOL portion 33 as a unitary device or individually into capsule 24 and
closing the incision. Preferably, IOL portions 35 and 33 are inserted into
capsule 24 individually to allow for easier lens folding and smaller incision
size. Alternatively, IOL 32 may be used in eye 10 by creating an incision in
cornea 12 and capsule 24, removing natural lens 16, inserting positive IOL
portion 33 into capsule 24, inserting negative 1OL portion 35 into anterior
chamber 20 and closing the incision.

IOL 32 equipped with the polyurethane elastomer flexible attachment
means of the present invention provides an accommodating 0L suitable for
use in an aphakic eye 10. Flexible attachment means 40 and 43 are durable
and have flexibility characteristics that facilitate opposed axial displacement
of optics 34 and 37 along optical.axis OA-OA of eye 10 thereby enabling an
eye to achieve multi-distance visual imaging without the aid of eyeglasses.

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
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toe generally perpendicular to the eye’s optical axis comprising:
a first outer peripheral edge defining a higher diopter positive
optic with two or more polyurethane elastomer flexible
attachment components permanently connected to the first
outer peripheral edge to form a positive lens, and
a second outer peripheral edge defining a lower diopter
negative optic with two or more polyurethane elastomer flexible
attachment components permanently connected to the second
outer peripheral edge to form a negative lens, to enable a
compressive force sufficient to effect a 1.0 mm in diameter
compression of said positive lens to result in approximately 1.0
mm of axial displacement of said positive optic with respect to
said negative optic along the eye’s optical axis to enable an

eye to achieve multi-distance visual imaging.
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a first outer peripheral edge defining a higher diopter positive
optic with two or more polyurethane elastomer flexible
attachment components permanently connected to the first
outer peripheral edge to form a positive lens, and
a second outer peripheral edge defining a lower diopter
negative optic with two or more polyurethane elastomer flexible
attachment components permanently connected to the second
outer peripheral edge to form a negative lens, to enable a
compressive force sufficient to effect a 1.0 mm in diameter
compression of said positive lens to result in approximately 1.5
mm of axial displacement of said positive optic with respect to

said negative optic along the eye’s optical axis to enable an

eye to achieve multi-distance visual imaging.
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generally perpendicular to the eye’s optical axis comprising:

a first outer peripheral edge defining a higher diopter positive
optic with Mo or more polyurethane elastomer flexible
attachment components permanently connected to the first
outer peripheral edge to form a positive lens, and

a second outer peripheral edge defining a lower diopter
negative optic with two or more polyurethane elastomer flexible
attachment components permanently connected to the second
outer peripheral edge to form a negative lens, to enable a
compressive force sufficient to effect a 1.0 mm in diameter
compression of said positive lens to result in approximately 2.0
mm of axial displacement of said positive optic with respect to
said negative optic along the eye’s optical axis to enable an

eye to achieve multi-distance visual imaging.
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generally perpendicular to the eye’s optical axis comprising:

a first outer peripheral edge defining a higher diopter positive

optic with two or more polyether urethane elastomer flexible

attachment components permanently connected to the first

outer peripheral edge to form a positive lens, and

a second outer peripheral edge defining a lower diopter

negative optic with two or more polyether urethane elastomer

flexible attachment components permanently connected to the

second outer peripheral edge to form a negative lens.

5. The accommodating intraocular lens of claim 1, 2, 3 or 4 wherein
said
flexible attachment components are manufactured from a
polyether urethane urea or a 2000 molecular weight
polytetramethylene glycol, methylene diphenylene diisocyanate

and methylene diamine material.

6. The accommodating intraocular lens of claim 1, 2, 3 or 4 wherein

said negative optic is fixed.
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7. The accommodating intraocular lens of claim 1, 2, 3 or 4 wherein

said negative optic is axially displaced upon compression.

8. The accommodating intraocular lens of claim 1, 2, 3 or 4 wherein
said negative lens and said positive lens are both implanted in a

lens capsule of an eye.

9. The accommodating intraocular lens of claim 1, 2, 3 or 4 wherein
said negative lens is implanted in an anterior chamber of an eye

and said positive lens is implanted in a lens capsule of an eye.

10.The accommodating intraocular lens of claim 1, 2, 3 or 4 wherein

said optics are formed of a foldable or compressible material.

11.The accommodating intraocular lens of claim 1, 2, 3 or 4 wherein
said positive and negative optics are formed from one or more of
the same or differing materials selected from the group consisting
of silicone polymers, hydrocarbon polymers, fluorocarbon
polymers, hydrogels, soft acrylic polymers, polyester, polyamides,
polyurethane, silicone polymers with hydrophilic monomer units

and fluorine-containing polysiloxane elastomers.
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12. The accommodating intraocular lens of claim 1, 2, 3 or 4 wherein
either one or both of said positive and negative optics are formed

from a hydrophilic or hydrophobic acrylic material.

13. The accommodating intraocular lens of claim 1, 2, 3 or 4 wherein
either one or both of said positive and negative optics are formed

from a silicone material.

14.The accommodating intraocular lens of claim 1, 2, 3 or 4 wherein
either one or both of said positive and negative optics are formed
from a material having a refractive index above approximately

1.474.

15. The accommodating intraocular lens of claim 1, 2, 3 or 4 wherein
said flexible attachment components are formed with a dimension
in a plane generally perpendicular to the eye's optical axis to be
greater than or equal to a dimension in a plane generally paraliel

to the eye’s optical axis.
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a glare reduction zone is formed adjacent to the outer peripheral

edge of either one or both of said optics.

17. The accommodating intraocular iens of claim 1, 2, 3 or 4 wherein
one or more of said flexible attachment components includes a
stiffening element having less resistance to bending in a plane

generally parallel to an eye’s optical axis than in a plane generally
perpendicular to the eye’s optical axis.
18. The accommodating intraocular lens of claim 1, 2, 3 or 4 wherein

one or more of said flexible attachment components includes a

stiffening element formed from a polyurethane material.
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: of claim 1, 2, 3 or 4 comprising:
forming two disks from the same or different suitable materials,
machining a positive optic from one disk,
machining a negative optic from the other disk, and
permanently or non-permanently connecting said optics with
two or more polyurethane or polyether urethane elastomer flexible

attachment components.

20. A method of manufacturing the accommodating intraocular lens
of claim 1, 2, 3 or 4 comprising:
moilding a positive optic of a suitable material,
molding a negative optic of a suitable material, and
permanently or non-permanently connecting said optics with
two or more polyurethane or polyether urethane elastomer flexible

attachment components.
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21. A method of using the accommodating intraocular lens of claim 1,
2, 3 or 4 comprising :
creating an incision in a cornea and lens capsule of an eye,
removing a natural lens of said eye, and
inserting a lower diopter negative intraocular lens and a higher
diopter positive intraocular lens into said lens capsule of said eye

as either individual lenses or as a unitary device.

22. A method of using the accommodating intraocular lens of claim 1,
2, 3 or 4 comprising :
creating an incision in a cornea and lens capstile of an eye,
removing a natural lens of said eye,
inserting a higher diopter positive intraocular lens into said lens
capsule of said eye, and
inserting a lower diopter negative intraocular lens into an

anterior chamber of said eye.
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2, 3 or 4 comprising :
creating an incision in a cornea and lens capsule of an eye,
removing a natural lens of said eye,
inserting a lower diopter negative intraocular lens into said lens
capsule, and |
inserting a higher diopter positive intraocular lens into said lens

capsule of said eye anterior to said lower diopter negative

intraocular lens.
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