;a3er {1 X6T ftM I NTRACCULAR LENS SYSTEM FI ELD OF THE | NVENTI ON The present
invention relates to an intraocular lens (1QOL) systemand a nethod for
maki ng and using the sanme. Mrre particularly, the present invention relates
to an acconmmodating | OL system designed for nulti distance visual inagin

in aphakic eyes where a diseased natural |ens has been surgkﬁmwmmmmmmmmﬁﬁ)
such as in the case of cataracts. BACKGROUND OF THE | NVENTI S
have been used for many years in aphakic eyes as replacenents forsglsseased
natural crystalline | enses that have been surgically removed f S.
Many different |1 OL designs have been devel oped over past yeargwmﬂ%mmmmmmm
successful for use in aphakic eyes. Successful |COL designs to date
primarily include an optic portion with supports therefor, called“#¥ptics,
connected to and surroundi ngypRACRESL ARIENSI SYBFEMPLi ¢ portion. The haptic
portions of an 1OL are designed to support the optic portion of the IOL in
the | ens capsule, anterior chanber or posterior chanber of an eye.

Commerci ally successful 10OLs have been made, froma variety of

bi oconpatible materials, ranging fromnore rigid materials such as

pol ynet hyl et hacryl at e (PNNA% to softer, nore flexible materials capabl e of
bei ng f ol deIELD ObnPHEIBMENTIENas silicones) certain acrylics, and
hydrogel s. Haptic portions of the | O.s have been formed separately fromthe
optic portion and | ater connected thereto through processes such as heat,

physi cal st aki ngr@gfadent iyantioh refds twan ftpaoasarians (KDlsjsystem dral ned as
an integral part of the optic portion in what is commonly referred to as

- single-pig ﬁ{etﬂ‘n&f?or @ggﬁpgaqﬁéﬁgfthéébmé &2 faveuianl®@. presesppul arity

in nore rec years Ir“ablility to be conpressed, folded, rolled

or otherw se deforned. Such softer | f ' : 0 I nsertion
t her eof thr'B\{@fﬁ'%Pgﬂ‘ﬁsiﬂﬂ? ??quﬁgog%ﬁ%ga g&ghquyg%@%ldﬁé\bmﬂﬂudﬁi nsertion of
the IOL in an eye) the IO returns to its original pre-deformed shape due
to the menvhstaorgvigia imagingsingP ¥R Wﬁﬁfeg?idi?‘?a%&r'?a:‘Pfa'mseﬁ?? exi bl e

| OLs as just described may be inplanted into an eye through an incision
that is nudieesmsiiigizallyiremoveg, sueh ag in theraseahcatgractiecessary for nore.
rigid IOLs) i.e., 4.8 to 6.0 mi. A larger incision is necessary for nore
rigid | OLs because the | ens nust be inserted through an incision in the
cornea slightly larger than the dianeter of the inflexible 1OL optic

portion. ACQRF?EG}Q&)YJNWEFWE’NVEWOWVG becone | ess popular in the
a

mar ket since rger 1ncisions have been 2 found to be associated with an
i ncreased incidenge. of ' |-Gt i : i ced
astigmati sm Aft l'ﬁflaﬁﬁ%b§ﬁ$é?lgla\r(l’%egggﬁ}dggﬁtyg%? ih”déﬁgé'ge?iyg? | OLs are
subject to conpressive fqrces exerted on, the t of from
nat ur al braﬁ%lam@aef%at%éé??&ﬁt‘érﬁgC'rYéPA@J}ﬁ %@%Séﬁﬁ&ﬂ@(ﬁ !F'(?%rfy muscl e and
-increases and decreases in vitreous pressur, ngg ressi.ve Lorc s of this
kind are ussdrgically ramsiygrifeorayfe eyest ﬁ‘g(ef q&}-eds%ﬁ‘g% B deEMst ances.

Mbst commercially ' ] )

developed over past years and proven successful for use in aphakic eyes.

Successful IOL designs to date primarily include an optic portion with

supports therefor, called haptics, connected to and surrounding at least part

of the optic portion. The haptic portions of an I0L are designed to support

the optic portion of the IOL in the lens capsule, anterior chamber or posterior

chamber of an eye.’



successful 1 OL designs for use in aphakic eyes have single focus optic
portions that are fixed and focus the eye at only a certain fixed distance.
Such fixed single focus 10O.s require the wearing of glasses to change the
focus of the eye. A few fixed bifocal | O.s have been introduced to the
commercial market but suffer fromthe di sadvantage that each bifocal inmage
represents only about forty percent of the available |ight thus | essening
vi sual acuity. Because of the noted shortconm ngs of current |1OL designs,
there is a need for accommdati ng |1 OLs designed to provide inproved visual
i mgi ng of various distances in aphakic eyes w thout the aid of eyegl asses.
3 SUMMARY OF THE | NVENTI ON An accompdating intraocular lens (10OL) system
made in accordange with.the pres invention has [Live | aocul ar

| ens used in conj am?r&ﬁ'%%‘ﬁcssgfg[;@lr%ﬁaﬁg?%m?@??’?’@it&’.‘)@ﬁyéﬁsi tive
intraocular lens has a "higher' diopter, preferably approximtely

+20di opt er kipcempatiele, matarialasapgingdmm meie wdtmaeéz@l& suahs8S di opt er
positive optic portion with an outer peripheral edge and two or nore but
pref erabl y polpmethyimetiacrilate (FAMA toedofteeninerd fexibleppraterialg capablepof c
portion in a patient's eye. The negative intraocul ar Fens has a "l ower"

di opter, prighigssbsd BRROMPrEBEEY Yuct s HIRBHES, S&rtaiAShorylfiecBn@s but not

limted to -10"to -50 diopter, negative optic portion also having an outer

peri pheral qdae,aad bt §1.EGRLK HF e RIS nlvA paBhiBRALY KeBaflibGrGRL nunber

of haptics e positive opticC portion. PosI nd -negative

i ntraocul ar, | enses each having two haptjc el enents are bal anced for
stability wWhemPHCRHPTHOR af‘g 'ﬁﬁeﬂpﬁﬂaecli?ﬁébﬁf%%agbwg RGPS %u‘ﬁhﬁi c el enent
integrally forned with or subsequently attached to two opposed edges of

each of theheatopbysica staking ang/oreharicakbandinge diantics haveralse Begn | enses
each having three haptic elenents are bal anced to achieve stability and

m ni m ze deoantdatsi amintggiahparefihs eptioportian imaphatisedoenmonly fefersed al | y
formed with or subsequently attached to one edge of each of the optic
portions ang & ‘sfHglélpiegdiloLel ement integrally formed with or subsequently

attached to an opposite edge of each of the optic portions. Positive and
Softer, more ﬂexiblg IOLs have gained in popularity in more recent
years due to their ability to be compressed, folded, rolled or othérwisé
deformed. Such softer iOLs may be deformed prior to insertion thereof
through an incision in fhe cornea of an eye. Following insertion of the IOL in
an eye, the IOL returns to its original pre-deformed shape due to the memory-
characteristics of the soft material. Softer, more flexible IOLs as just
described may be implanted into an eye through aﬁ incision that is much
smaller, i.e., 2.8 to 3.2 mm, than that necessary for more rig_id 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 IOL optic portion. Accordingly, more rigid IOLs

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



negative | enses each having four haptic elenents are bal anced to achieve 4
stability and m nim ze decentration by each optic portion having a set of
two haptic elenments integrally fornmed with or subsequently attached to one
edge of the optic and a set of two haptic elenents integrally forned with
or subsequently attached to an opposite edge of the optic. Each haptic

el enrent has an attachnent portion that permanently connects the haptic

el enent to the outer peripheral edge of an optic portion. If the haptic
elenment is of a | ooped design, the haptic el enent has generally two
attachnment portions that permanently connect the | ooped haptic elenéent to
t he outer peripheral edge of the optic portion. In the case of |enses

havi ng t hr deund tb tier adsooiated it a insireased incidensetofqostapebvded hapti c

el ements may have three attachnent portions rather than four. In such a
case, one QiorhPfcdtivngesa@én as iididedgstigneatisms common to each of the two

| ooped haptic elenents in the set. Each haptic el enent whether of a | oop
design or not includes a flexible central portion |ocated between the
attachnment portion and a contact plate. The contact plate is designed to

engage an i nner rface.of a,patient's e. The flexibhe ; tions
thgt gext end bet .végﬁr Fcﬁle'@Blﬁpgg{onpﬁghégog%aa'ﬁE]Oé%trmRélh? EE%H‘%HQ% | ow
the optic portions of both the positive and negative . lenses tp npve or.to
adi ust to pampassiveciossasaxared AB theeutar sgasThErRAf 1M BalUALBEN ¢ hi n ¢ he

eye, Additionally, within these flexible central portions, each haptic
el ement i s jdgatemedntractimyand eslaxatan of thecelliary muaderand lncéeqﬂeérﬂﬂcgener ally
parallel to the optical 5 axis of an eye than in a plane generally

perpendi cul gderbg é%‘ﬁw PiiebfidIpréxdure OfCaMprIssivelvresat tisigndapeiusetllement s
with this type o? exibility characteristic, the present accommodating | QL

system achi lﬁ\éaeﬁgégﬂygc%ﬁ ﬁ@gﬁg&ﬁﬁ}eﬁ%{a@@a ' aiktéﬁcee]t iNMoRtQUdrhiR_roaily

regard to t ong the optical axis of the eye when

conpressive force xerted agaln : ] tem Al so)
by conbi ni @%%F&%Z@Edfe&tﬁr@r%ﬁb'gf’ﬂ? ?@%’Bﬁ@%ﬁ’ﬁ@gﬁh#ﬁ ﬁkgﬁg?ﬁ ?)f a | ower
di opter negative optic portion; _ an additive effect is achigved whereby even
slight movepritionsthabargl fixgddiiasys the syeatonly girertal ﬁ’fﬁiﬁ's 9% i ve optic
portion with regard to the | ower diopter negative optic portion @‘chi eves a
si gni fi cantBych fixee single feats 0L saeguiredbatwaasing ofglassanto changrsne
mul ti-di stance visual imaging without the aid of eyegl asses. Accordingly,
it is an objoagt oPthé BgepreranfixédbiotaldOLsthavedveateintroduced to the

comn"lerciai nﬁarket but suffer from the disadvantage that each bifocal image

represents only about forty percent of the available light thus lessening
+ visual acuity.
Because of the noted shortcomings of current IOL designs, there is a
need .for accommodating IOLs designed to provide improved visual imaging

at various distances in aphakic eyes without the-aid-of eyeglasses.



agcommpdat i ng i ntraocul ar | ens systens for use in aphakic eyes. Another
obj ect of the present invention is to provide accomodating intraocul ar

| ens systens for use in aphakic eyes) which achieves axial displacenent -of
t he hi gher diopter optic portion with regard to the Power diopter optic
portion along the optical axis of the eyes. Another object of the present
invention is to naxi m ze accommopdative effects of the intraocular |ens
systemwi th even mnimal optic axial displacenent. 6 Anot her obj ect of
the present invention is to provide accommobdating intraocul ar | ens systens
for use in aphakic eyes, which mnimze danage to tissues in the interior

of the eyes. Still_a obj f the present invention is to provide
accomodat iSWMﬁRXo@g}ﬂ?éflgw&bg nms, which are resistant to decentration
within the eyes. These and other objectives and advantages of the present

i nvention, some Avi ashdmmedatinggptraptidar IansdéOk) FyEeMmBdst IRACSOItRICEr e

not, wll becone apparent fromthe detail ed description, draw ngs and

clains t hatwifrpngifé\ﬁes‘dﬂ?rrﬁﬁeJﬁtibh kesfeposities irtraoaikei lgnausdd by conjuactianer al s.
BRI EF DESCRI PTI OF THE DRAWNGS FIGURE 1 is a schematic representation of

the interi %ittf% réfég(ﬁt]ﬁ@%t?é(@éulgﬂ EHEE The Soditid MtradcarirdéngRadechigistat i ng

0L system'w . optic portion having three haptics made in accordance
Foure 2; " eDRE erGeRhERenro BRI el <hrdbf Gy Siepler spbligs i iYL PP
taken al aninhiitendetoﬁgé to7 +60 diopter, positive optic portion with an outer peripheral

edge and two or more but preferably two, three or four haptic elements for

supportiﬁg the optic portion in a patient’s eye. The negative intraocular lens

has a “lower” diopter, preferably approximately —10 diopter or less, such as

but not limited to —10 to —50 didpter, negative optic portion also having an

outer peripheral edge and preferably the same, but optionally a different

number of haptics from that of the positive optic portion. Positive and

negative intraocular lenses each having two haptic elements are balanced

for stability within an eye to minimize decentration by having a haptic

element integrally formed with or subsequently attached to two opposed

edges of each of the two optic portions. Positive ahd negative intraocular

lenses each having three haptic elements are balanced to achieve stability

and minimize decentration b.y having a set of two haptic elements integrally

formed with or subsequently attached to one edge of each of the optic

portions and a third haptic element integrally formed with or subsequently

attached to an opposite edge of each of the optic portions. Positive and

negative lenses each having four haptic elements are balanced to achieve



FIGQURE:5 is a side view of the haptic elenments of Figure 3 with sharper
edges; FIGURE 6 is a side view of the haptic elenments of Figure 3 with
rounded edges; FIGURE 7 is a cross sectional view of the haptic el enents of
- Figure 5 with a stiffening elenent; FIGURE 8 is a plan view of an ,
accomodating | OL systemw th each optic portion having four haptics nade
in accordance with the present invention; FIGURE 9 is a side view of the.

| OL systemof Figure 8, FIGURE 10 is a plan view of an acconmobdating | QL
systemw th each optic portion having two haptics nmade in accordance with

t he present invention; and FIGURE 11 is a side view of the IOL of Figure
10. 'DETAI LED DESCRI PTI ON OF THE | NVENTI ON Ei ure 1. il]ustrates sinplified
di agr am of si@bilifycancbmimipyize §eraniatianby eag g PR ﬁWf‘gtEbs?‘h% two

i mpl antation of an intraocular |ens of the present invention. Eye 10

i ncl udes amapticiatemmeptsintegrady forasedi®ithros subsequentiyattachest torene edget al | i ne
lens 16 and a retina 18 are |located behind the iris 14 of eye 10. Eye 10

al so i ncl udgshaBhatiar & BendrivoRaptReaeaterits iftegrily $orrfed withier 14 and a
posterior chanmber 22 |ocated between iris 14 and natural |ens 16.

Accommodat i I | | ; ably inplanted
M Tens. cagbbreabanty pEEnE 1d 37 BRRSATEAbE ML BRNC EoPRTERIET Y LR 10
I i ncl ud tical ' - QA t hat, | ' ' l,i t hat

Fhr ough ¢ heElapent BBs deratachssedbatpa itrrmineoly Sanars theRebl, E0rrace
30 of natural lens 16. Optical axis OA-OA in the human eye 10 is generally
per pendi culelemest to the outen pefipberahedge Bf annrticportiens lfithedapticet i na 18. The

| OL system of the present invention, as illustrated in Figures 2
element is of a looped design, the haptic element has generally two

attachment portions that permanently connect fhe looped haptic element to
the outer peripheral edge of the optic portion; In the case of lenses having
three or four Iooped haptic elements, a set of two looped haptic elements
may have three attachment portidns rather than four. In such a case, one of
the three attachment portions is common to each of the two looped haptic
elements in the set. Each haptic element whether of a loop design or not
includes a flexible central portion Iécated between the attachment: portion
and a contact plate. The contact plate is designed to engage an inner
surface of a patient's eye. The flexible central portions that extend between
the contact plates and the attachment portions allow the optic portions of
both the positive and negative lenses to move or to adjuét to pressures
exerted on the p_ositive and negative lenses within the eye. Additionally,
within these flexible central porﬁons, each haptic element is designed to

have less resistance to bending in a plane generally parallel to the optical



t hrough 11 but best illustrated in Figures 2, 8 and 10, is identified
generally by reference nuneral 32. 1O, system 32 conprises a positive |ens
33 having a higher diopter optic portion 34 with an outer peripheral edge
36 and a negative lens 35 having a | ower diopter optic portion 37 with an
outer peripheral edge 39. IOL system 32 is designed for inplantation
preferably in lens capsule 24 of a patient's eye 10. Alternatively,
positive lens 33 may be placed in |l ens capsule 24 and negative |lens 35 nay
be manufactured as a standard anterior chanber intraocular lens to mnimze
ti ssue damage, such as that disclosed in U S. Patent Na: 5,300;117,
incorporated herein in its entirety by reference, and positi-oned within
anterior chawtieof 20.ey@ibaniima plgse @angrallyspgrpsndicolasdo ihe epticalaxs ebpsul e
24 of eye 10, positive lens 33 is preferably positioned anteri.or to
negative |engn dfealy proviinghbptiv aldrhents wittethis §/pe ofdftexitslityt oward iris 14,
and negative lens 35 positioned posterior to positive lens 33 and

posteriorly %ﬁ#}a%@ggﬁg,-tge;R%ggéﬁttﬁé&oﬁ%aaﬁﬁg %D%ﬁf&m é]gﬁmleg RKal

!
appr oxi mat el measuring fromthe plane of outer peripheral

edges 36 and, f opti orti:pn : | : ane of
haptic conta lgglgf%g{nggﬁ Qgtr%néééfq\/?(géﬂ%@p M‘Q’&ﬁjgg@ﬁ %:thgiie%@g'p giq?)lt'gel ow, .is
general ly suitable. Prﬁgeerabl iri tegr ally éormed on peripheral edges 36
and 39 of opRQrEop@langihe apticaaxisofihe ayRVBen FBMPrestive fUCes APy two,
three or four | ooped or non-looped haptic elements 40 and 43 respectively,
each havi ng exertathagainst theractemmadating H3beysteml VAlselaby comblining@ s 40 and
43 are preferably integrally forned with and permanently connected to outer
peri pheral egigher dioptarcpadtivel optiys portiparwitiotist 34 adowes didpteah dgativesoptic
portions 44. Alternatively however, haptic elenments 40 and 43 may be

attached to bR, APLHHANE etbchacHiebdd Mrdkehevah S IEMoPOMEREDE ARfal ON OF

ot her net hods known to those skilled in the art. Each haptic el enent 40 and
43 al so incl e . 1.0 i esi gned
to preferabl @lg@%g%@%?gﬂg{r% @igﬁg Qééﬁ)‘?&@%ﬁ\{%ﬁgﬁ%ggéﬁneﬁgﬁ?%érgﬁéxgg_

Br oadened cqntact, pl.ates 38 and. 41 nmay be.designed.for direct. contact as
st rat ed IPHe e REsalie Gt ot ARTIGHRS 1RGN HaNIM 108 IR ERsS by
limted to, contact plate 41 having a troulgh .70 and, contact, plate 38 having
a ridge 72 tarcemnedative effectand impreyed mawlirdistapge visuadimagingawiheidr nanent ,
10 i nterlocking of positive |lens 33 and negative lens 35 (Figure 11 ) or

an ext ended thelaid 4f eyegldgsesl5 of contact plate 41 to achieve preferably
nonper manent, but alternatively permanent, interlocking with edge 42 of

contact plate 38 mécdiaRigly, VeislNebjedt HFthelusresant indentidiotdiprovidd er nat i ve,
best illustrated in Figure 8) contact plates 38 and 41 of positive |ens 33

EPSCQ%E‘F P ﬁ‘éﬁ%dc BB 1o SR or e ARl ARsccnt | nvent i on)
[ 4 43. i ' . N
ol anted i n t he NG er QP Br S BRAERS BeiBh 1 BT By ANSHEROUAG) occ

th h i f ted by i f 50 tact plat
38r2‘r‘,3 4({02%?;5%'@%& @ow%rces %e%g(rﬁog%p Yn Ia;r;l'r\]aelzic:Selyjnras,a v%ﬁisch ach?gvecsogxiglc prates

displacement of the higher diopter optic portion with regard to the lower
diopter optic portion along the optical axis of the eyes.

Another object of the present invention is to maximize accommodative
effects of the intraocular lens system with even minimal optic axial

displacement.



43 respectively, haptic elenments 40 and 43 flex so that contact plates 38
and 41 do not slide along surfaces 50 in eye 10. Accordingly, haptic

el enents 40 and 43 are designed to flex in a plane generally perpendicul ar
to that of optic portions 34 and 37 of 1OL system 32 and general ly parallel
to that of optical axis OA-OA of eye 10. Haptic elenents 40 and 43 flex to
achi eve displacenent of lens 33 with respect to |l ens 35. Wien IO system 32
is inplanted within | ens capsule 24, lens 35 may be fi-xed whereby only | ens
33 is axially displaced to achieve nmulti-distance visual inmaging. However,
it is preferable to maxi m ze accommobdati ve effects through opposed axi al

di spl acenent of both | enses 33 and 35. By using a higher diopter |lens. 33

11 and desi gniag?t%E@bLe\é%f ﬂ"f%é}e%)éinf’irlvjehlfloﬁ@f@ﬁ%déé&@ohﬁdﬁdﬁﬂ?ti c

el enents 40 and ystem achi eves maxl num acconmodati ve effect to

all ow an eye to achjeve | ti-distance visual | ' 3 1. d of
eyegl asses.intragcylpelans; sﬁi@[fl‘?/“é Ak Uge U} ARRFKIC 3%83’\%flcﬂﬁﬂgl®|&%ﬁ%%#'?§ee enent s
40 and 43 enabl es axial displacenent of optic portions 34 and 37 in

opposi t e ditissuesanshaindegonpfithegyesxi s OA- OA of eye 10. Conpressive forces
of differing magnitudes wthin the range of approximately 0.1 to 5 nN
exerted agai nst s@nhastheplobiert ocBthaprestht afventipniicteprovide s 40 and 43 to
ef fect approxinmately an overall 1.0 nmin dianeter conpression of 10L

system 32, é&lﬂh%dhﬂﬁ%&r&%&ﬁﬁbxﬁ%n@% Yieths, Wiath ara desisdnt to desentratiim eye’
r OXI :

10) results 1 n app tely mm to 3.0 mm conbi.ned opposed axi al
di spl acenent . of tic portions 34 and. 37 along optical axis OA-OA in an eye
10. By conbwmlﬁ'gtﬂg %%Sher di opter positive optic portion with that of a

| ower di opter negative qgptjc partjon, an additiyv i | exed
wher eby even sl i h?s‘?rﬁ{?arfﬁh?r Jegﬁyej ary éafggtgﬁgﬁtﬁﬁg@heeéﬁi\ltg’ﬁ@rﬁéﬁbpt er
positive optic portion with regard to the | ower digpter negative optic
portion ressome afrwhickliase sppeificalbhdessripadansbothess gg%@rﬁmogcwwrﬁﬁf@ §ve
effect and inproved nulti-distance visual inmaging wthout the aid of
eyegl asses. afsdrefk from the détailee descrptian, ssawingssdiclapne thaidsllewy e
intraocular lens in conjunction with a -30 diopter negative intraocul ar

lens for a GABRIA%Re TeuredRECaesiGhatid blicc Aateealss at | east doubl e the
acconmodat i ve effect achieved using a single 12

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 is a schematic representation of the interior of a human
eye;

FIGURE 2 is a plan view of an accommodating IOL system with each
optié portion haQing three haptics made in accordance with the present
invention;

FIGURE 3 is a side view of the IOL system of Figure 2;

FIGURE 4 is a cross sectional view of the 10L system of Figure 2

taken along line 4-4;



+20 di gpter positive intraocular |ens. By adding axial displacenent of the
hi gher di opter positive lens with respect to the |ower diopter negative

| ens, the accommopdative effects of the I1OL system 32 are even greater. The
| OL system 32 of the present invention with its maxi m zed accommodati ve
effects through the axial displacenent of optic portion 34 with respect to
optic portion 37 enables an eye to achieve nmufti-di stance visual inmaging
when conpressive forces are applied to eye 10 wi thout the use of _

eyegl asses. The flexibility characteristic of haptic elenents 40 and 43 of

| OL system 32 as described above is achieved through the unique design
thereof. As best illustrated in Figure 2, IOL system 32 has haptic el enents
40 and 43 formed with flexible central portions 62 adjacent to_attachnent
portions 44 per mi@hiRE 5isrraide aiew of tha kaptirelepranta of Eigie Rwithnd 39 of
optic portions 34 and 37 respectively. Flexible central portions 62 are
essential | ghamerddges; t he necessary flexibility to the 10Os of the present
invention. Flexible central portions 62 have a dinension in plane 46-46
general |y paral | ¢cURPB!5 @2did8Xidw BftHeMaptic él@ﬁiéﬁt@@fFE{LﬁbWﬁ 3, 9 and
11, less than or equal to but nost preferably |less than the sane in plane
48- 48 general | rpendi cul ar to optical axis OA-OA as depicted in Figure
2, 8 and 10.'0%%#(&89%5'& es 38 and 41 are relatively flat with either
rounded edges 52 as depicted in Figure 6. to provjde.a snoother fit with
i nner surfaces 5&|GHR V'éacrﬁﬁ?§egﬁ‘?ﬁmé’b‘?w§ m%é?p%ﬁ@%sgﬁ ed in
Figure 7 to provide a barrier to prevent cellular mgration and growh upon
i npl ant at i owiihna stifieniogdemen4. The subject 1Ol system 32 is preferably
manuf actured to have optic portions 34 and 37 approximately 4.5 to 9.0 m
but preferably FIGURE 8 is a plan view of an accommodating IOL system with each

optic portion having four haptics made in accofdance with the present
invention;

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

FIGURE 10 is a plan view of an accommodating IOL system with
each optic portion having two haptics made in accordance with the present
invention; and

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

DETAILED DESCRIPTION OF THE INVENTION

Figure 1 illustrates a simplified diagram of an eye 10 showing
landmark structufes relevant to the implantation of an intraocular lens of the
present invention. Eye 10 includes an optically clear cornea 12 and an iris
14. A natural crystalline lens 16 and a retina 18 are located behind the iris

14 of eye 10. Eye 10 also includes anterior chamber 20 located in front of



approximately 5.0 to 6.0 nm and nost preferably approximately 5.5 to 6.0 mm
in diameter and approximately 0.15 mmto 1.0 mm but preferably
approximately 0.6 to 0.8 nmand nost preferably approximately 0.7 mmin

t hi ckness at peripheral edge 36. Haptic elenents 40 and 43 extend fromthe
optic portions 34 and 37 respectively of 1OL system32 in a generally
rounded or oval configuration and will increase or decrease in overal

| engt h dependi ng upon the size of 1OL system 32 ‘desired and the di aneter of
optic portions 34 and 37. As the dianeter of optic portions 34 and/or 37

i ncreases, the overall length of haptic elenents 40 and/or 43 may be
decreased. Likemﬁse as the dianeter of optic portions 34 and/or 37

decr eases, overaII i I de

i ncreased. I“b \?é'rd hgs %ﬁ@?%ﬂgﬁbe@ elog\a/%rda Ieﬂé&%ag%ﬁnéﬁaptl c elenments
40 and 43 are varied to _ac esir tem 32 sizes er than
varyi ng théﬁsi&%@fﬁmoﬁﬁﬁ'ﬂg Sg‘?fé‘sé)i%‘ﬁﬂf‘?ﬁ&%ﬂveln Oa(ﬁ{grpé?{e?%@égped hapti c
el enents 40 and 43 as |IIustrated in Figures 2, 8 and 10 are forned to be
appr oxi mat éinplahtéd irlehisccapruldad aftesitee a@nyva@ms&aﬁ@dematueauefﬁ “to 5.0

mm and nost preferably approximately 4.2 mmin | ength neasuring froma
point of e 1@Ibsgoain@mdesta/weptmramom-ommﬁeistarpbnagmawumethatperi pher al

edges 36 an to the center of contact plates 38 and 41 respectively.
Looped haptj.c Sertef D8 Gikinte it \Wirface ZBeaRd bystepionded or
oval confi |on a?ﬁ tﬁ?uosmrég?e |n Fi gur es 10 and 11 to gl | ow axi al

defl ecti on under ressive and 43
as iIIustra"[”ég’ ”g'ﬂﬁté'galée %136 9(29%@%?% ngAggwg%ﬁP@%?éqw}% 6 to 6.0
nmm) but preferably apprOX| mately 3.4 to ef e

appr oxi nat cenerally painendieiat o %E glfgcqrpgﬁq?hgaﬁ.‘rg@pgs qgelcqw:/?ent
portion 44 on peripheral edges 36 and 39, to the center of contact pl at es
38 and 41 rHspectively. Non-looped haptic elenents 40 and 43 preferably
have a generally rounded or oval configuration as illustrated in Figures 8
and 9 to provi deTheSIGJLIsgkﬂterrsd)fatbb@rbsent\mventmri asdllusirated én Piguias Be

all ow ng axi al deflection under conpressive forces. For purposes of the

present in ' @besﬂmugdréﬁédnﬁtm s@, soared 16 higfidentifidcbgemeratipd non
| ooped hap;{ﬁggdeqq{e]?r?s?#s 40 and 43, i.e g@@t he beam curve shape) relative to

the width L@g@%%@%@ﬁﬁpﬁ@?dl% [ syét?ﬁl F2EEM néééh osiive Rk el enents 40

and 43 as ernis c 1cal to achrieve s I1tabl e function.

21 L AP PR TR R B gpRg e 1
preferably : E\grgg’z:\llemfetn%l I¥5 having a lower diopter-optic portion 37 with an outer
peripherél edge 39. IOL system 32 is designed for inﬁplantation preferably in
lens capsule 24 of a patient’s eye 10. Alternatively, positi'_ve lens 33 may be
placed in lens capsule 24 and negative lens 35 may be manufactured as a
standard anterior chamber intraocular lens to minimize tissue damage, such
as that disclosed in U.S. Patent No: 5,300,117, incorporated herein in its
entirety by reference, and positioned within anterior chamber 20. When IOL

system 32 is positioned within lens capsule 24 of eye 10, positive lens 33 is

preferably positioned anterior to negative lens 35 and anteriorly vaulted, i.e.,



15 1.6 mmin length; approximately 0.2 to0l.0 nm but preferably
approximately 0.3 to 0.7.mm and nost preferably approximately 0.46 mmin
width in plane 48-48 and approximately 0.2 to 0.7 nrn, but preferably
approximately 0.3 to 0.6 and nost preferably approximately 0.43 mmin

t hi ckness in plane 46-46. Contact plates 38 and 41 are approximately 0.8 to
2.5 mm but preferably approximately 1.0 to 2.2 mm and 'nost preferably
approximately 1.8 min in |ength, approximately 0.05 to 0.5 mm but
preferably approximately 0.1 to 0.4 nm and nost preferably approxi mately
0.3 mMmin thickness and approximately 0.6 to 1.5 nm but preferably
approximately 0.8 to 1.2 mm and nost preferably approximately 1.0 mmin

wi dth. As provided through the dinepsi onsrg | Q, system 32 above,, | ooped
and non- | ooyatteddpwagd disehbrndinegatlyesleng P%?f'ﬁ(?ri‘%ipwtteﬁpép PHS'BYﬁne 48- 48
at contact plates 38 and 41 through to attachnent portions 44 and optic
portions 34ens@®@33hd posteribiiexavlted,den;t vaultgsbtowasd sethza fBefAevabilt pf exhi bi ti ng
a thinner dinension in plane 46-46 than that of the width in plane 48-48.

Looped haptagnrekipiaalyst. 8o 200 nfd raéasiring frohetie pléhe oY duten sitiphenal t o
resi st deflection into closer proximty with outer peripheral edges 36 and

3o [ espect] ifiet WSRABLGT t@f@gpanéga%d 87 FSIdAeROR thetpigbRCt b ates

38 and 41 to XTI mze axi acenent along optic axi When -

accommodating . OL system 32 J S d as a.refracti. l, . |l e, reliable
ot e ot AR s End 35 o8P el kB Y BRI ABUC IS, 1 1 5
characteristic of -haptic el ements 40 and 43 of, | OL syste 2 i kewi se
be achi evedienieralinguisalle piretecablydnteoraily @rgﬁﬂfqrbaﬁrrh@h%rﬁg]ﬁéa%ggé,an t he
shape of a wide, very thin ribbon) in one or nore haptic el enents 40 and
43, as il | 39 ofhoptic partiengBdearsd 38tarefteni argnerebetpreferabiytws thies o1 oned in
haptic el enments 40 and 43 so that wide or broad flat face 62 is oriented in
a pl ane parfall Rloped dihiin-Ropetarmptitteldents 40 dand 48 rddpectiaslyabhghin a pl ane
parallel to that of plane 46-46. Stiffening elenent 60 functions in a

manner si m | 4fn %nté;tg-ﬁ BErtiBR 42 AFEAS BSEERNISC HASlic! e fBNITHE ntpd 3

di spl acerrr,nt along axi s m-asci&agmen corrpress:cve forc]tca is applied to
3 Al j i i .
?FQ%::‘ET e"WZ%r%fersf‘er%ﬁ&anfqgﬁ?ﬁrﬁ%@%@%@%ﬁ*@%&gﬁggﬁéﬂf@m egr*ﬁdégﬁr
. . 60 i i
et hacr y1 atee RRGT9| PHERESS0 BOfy FORIE PotgS AT o7 SB1 AT YT GHes)

pol yesters, nylons) netals or any bioconpatible material with suitable

sti ff eni ng portipasddr Aﬁemasiyelmmwev&rn@agﬁ@@iﬁme@@ 4hgneh43ragy ib€at ed usi ng
one or nore |ayers of a nmesh) screen) webbing and/or sheet to inpart the
desired fl eattddHed tp ayiticrportiens 84iarsl 32 byrsthkidghehernical Solyiaridatignedrenent 60
may be used in conjunction with haptic elenents 40 and 43 descri bed above

in cases Wheih@r mdthbas RRoWARb tiSoskeskiBed irs titeait! Ehchndticsslelenadbiand ng t he
desired stability and flexibility characteristics. 17 Suitable materials

o 1S ab] 2 BldcORCRleb LR REl, dofflactRAR MG An 23| eBeBlifenEBsfifled ' Mt o

to fol dabl e or conpressi rials, as silicon

hydr ocar bon, and .f | uprocar bon pol [S ydrogel s 0 cryljc polynmers,
pol yest er s,tw%#®e§?9m ‘Fﬂgéﬁﬁ&ﬁﬁ?s gbl'? é%%eci%ﬁ@?‘ré%‘so vﬁy%éh1 (?lydr ophilic
nmononmer units, fluorine-containing polysil gxane el a %o rs,and acc(gnbi nati ons

t her eof . ThBrqadenad eantaetirintes 38 and dlamay hadesighed for qiect contact as

illustrated in Figures 3 and 11. Such designs may include, but are not
limited to, contact plate 41 ha\)ing étrough 70 and contact plate 38 having a

ridge 72 to achieve preferably nonpermanent, but alternatively permanent,

10



system,32 of the present invention is a hydrogel mnmade from 2-hydroxyet hyl
nmet hacryl ate (HEMA) and 6- hydr oxyhexyl nethacrylate (HOHEXMR), i.e.,

pol y( HEMA- co- HOHEXMA) .  Pol y( HEMA- co- HOHEXMA) is the preferred naterial for
the manufacture of ICL 32 due to its equilibriumwater content of
approximately 18 percent by weight, and high refractive index of
approximately 1.474, which is greater than that of the aqueous hunor of the
eye) i.e.) 1.336. A high refractive index is a desirable feature in the
production of IOLs to inpart high optical power with a mninmum of optic

t hi ckness. By using a material with a high refractive index, visual "acuity
deficiencies may be corrected using a thinner |0OL. Pol y( HEMA- cOHOHEXMA) s
a desi rabl ‘?nt'éﬂb@kihﬁ'ofmsﬁ%_ IBRE BBArPRe@ativedens 85! (Fg#8 Tyertan i ts

mechani cal strengt ich is suitable To withstand consi derabl e physi cal

Cuiabl 6 1 ?ﬁ%@@ﬁ@fﬁ%ﬁ%ﬁﬁ%ﬁ%ﬁp PR TR R ﬁSféELSS
[ . HENVA- 18. [
Tore. cont T Gorae maRRB Hoh AR E Y BTRA R aigsra WE pOdR L O 1T

predet erm ned shape. -The uni que design of the subject | system 32 with
haptic el ereontact pbateniB Q@P%ﬁ‘{ﬂ wﬁmguaﬁh Naespthar aﬂéw%@!eg%&%nemry
properties al so provides inproved control of . haptic unfolding upon .

i nsertion tinatetéd imFeyee B) coRtaut pihites 36reml 41 o positivelans 33 @amdesi r abl e due
to potential damage to delicate tissues within the eye.

Pol Y(HE'VA-C%- 38/ray Bapoditmwes enas 16 habidl difest contdee uppa, which is
desi rabl e. ough the teachings of the present invention are preferably

appl i ed totpigé‘%’ﬂ%t %ﬁbﬁ@?ég C%gsglef%.msd of a fol dable or conpressible

mat eri al , | ppli'ed to harder, less flexible |enses

formed of a relgtively, rigid.material such pe! e (PMVR)
havi ng fl exi bl ealﬂa?ﬁqoﬁgaq%rwgg?}é? pﬁ%srerg#n\ferq&%gaﬁ@gtﬁ él%ﬁ%é%éé% %g’t erial.
Positive optic portion 34 of IO_system 32 can be a ,po?‘i tive IE)lowelr 924 | ens
of approxi raieslepignesl sp Hatavhen 1Q): system Béds prelestedinthglens eAREYIEIS* +20 to
+60 diopter and negative optic portion 37 of QL system 32 can be a
negative pafer patidntisseys 1@apddeldin place-thoughogeraprassiviedfosces exgited er abl y
10 to -50 diopter. Optic portions anti-3v may be a conbi nation of biconvex,

pi ano- convey; inRbABArfaEE8S B ®N durtacsiatds I andvd-cfdiaptic dlermentsd6)and a
diffractive-type |l ens el enent of any shape, -dependi ng upon the power

required t o REleYiyLChABR BRMEHS 4LEAMBIRLI6RNS] EGiftat dted 38 and

mul ti-dista Isua magi ng and to achi eve appropriate central and

eri pheral i,ckness faor efficient | i ks i §.0] . From
ltohe Berspec‘{{]% r@?sﬁg? a\‘/ﬁ”{%ﬁﬁ%@?& q(gﬁg%ﬁé Bg'r or r?%éﬂhgw' br%?%%a §M%o£(|pti ve

| ens 33 is convex-pi anp and ative, |l ens 35 js piang:-conve . Di ano
surface of Fyféiare designesdoiflein aplaoe %Q%f?':l% ngpﬁagt%iafpﬁo)éﬁéf)etg‘?%‘ge of
negative |l ens 35, but nost preferably) positive lens 33 is cor}vex,-'pi ano and
negative fepartiossidd anhdzwé QL systern 32rndoaneradyirrsaite! & thaloharieal ens 33

isin close proximty to the concave surface of negative lens 35. Optic

portions 34ads©AROAlfEe 1Dubiaptic elBmenytstdnan®48digxdptEchiavd y be for ned
with a glare reduction zone 56 of approximately 0.25 to 2.00 nm but nore

pref erably &igpfa%éﬁ%ﬂ%ﬂ’err% 33 Wit re@pBBl RNEnEBS. WheheorystémSBs i n wi dt h

adj acent out pe eral edge 36 and 39 for reducing glare when outer

i ph I X f j ' i
per | Bher . Bea% a0 keb e e R 38 iy BEHEN Herkbi PRI SR
por 1 ons 3415aAiall<SplAESHD a5 B TS0 el g el R ©

conventional manner to block or diffuse light in pl %ne W th ojr(),tical axi s
QAOA. ° 20 preferable to maximize accommodative effects through opposed axia

displacement of both lenses 33 and 35. By using a higher diopter lens 33

1



Subject 10OL system 32 may or nmay not be of a unitary design and nmay be

nol ded or nost preferably manufactured by first producing disks froma
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

manuf actured from di sks, positive and negative |enses 33 and 35
respectively, are machined frommaterial disks in a conventional manner.
Once nmachi ned or nol ded, positive and negative |lenses 33 and 35 nay be
pol i shed, cleaned, sterilized and packaged by a conventional mnethod known
to those skilled in the art. Subject 10L system 32 is used in eye 10 by
creating an incision in cornea 12 and capsule 24, renoving natural |ens 16,

| naivi cual A sl 2isdved B ABRBIL Fier TR iRG Gl Berde D) cnses

35 and 33 are inserted into capsule 24 individually to allow for easier

| ens fol di @§dahd |OkesYséemi I achieres maximum ageemmasiajive effect tiakaw anoL
system 32 may be used in eye 10 by creating an incision in cornea 12 and
capsul e 24 eyedomchigyenalti-distarmesvidtal imaging withbopbthetaid ©f leyeglad3esnt o
capsule 24, inserting negative lens 35 into anterior chanber 20 and cl osing

the incisiqhe ﬂéﬂibiﬁwsdffﬁfh%t%rigfic BRE VRIURFRNG RAPtRNélemns A ia¢@s4d or an

accommodating | ens Suitable for use in an aphakic eye 10. |1 OL system 32
conpri ses jJat ’ : i i | 2404 W th
50" ¥ exi BRDId S Plack et BF BRuC BB PP RhG 5 BB rdilod U
of optic portions,.34 and 37.al o optical axis. CA- OA of e.10 thereby
enabl i ng A LORusAl AR OA DR o S B0 fimiesTive Tores AfMFiIut the ai d of
eyegl asses. Wile there is shown and described herein certain specific
enbodi nent nagnitusespyitiadbe ranas of approximalaly Ogetonami exerted agasrd skil | ed
in the art that various nodifications may be nade wi thout departing from
t he spirit canthct ptgies 88 and4 od daptic elerments4Q ard d8ioaffechnd t hat t he sane
is not limted to the particular forms herein shown and described except
i nsof ar  as appehimaesly in dveral aapmmiin Ukenetepeodfitesdieh B8 IOL 3ystem 32,

such as that caused by natural brain-induced forces within eye 10, results in

approximately 1.0 mm to 3.0 mm combined opposed axial displacement of

optic portions 34 and 37 along optical axis OA-OA in an eye 10. By

combining a higher diopter positive optic portion with that of a lower diopter

negative obtic portion, an additive effect is achieved whereby even slight

movement or axial displacement of the higher diopter positivé optic portion

with regard to the lower diopter negative optic 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 intraocular lens in conjunction with a

-30 diopter negative intraocular lens for a combined +20 diopter effect, one

achieves at least double the accommodative effect achieved using a single

12



W, claim 1. An accommodating intraocul ar |ens systemto be inplanted
within an eye generally perpendicular to the eye's optical axis conprising:
a fast outer peripheral edge defining a higher diopter positive optic
portion with two or nore haptic elenments permanently connected to the first
outer peripheral edge to forma positive lens, and a second outer

peri pheral edge defining a | ower. di opter negative optic portion with two or
nore haptic el enments pernanently connected to the second outer peripheral
edge to forma negative |lens, whereby a conpressive force sufficient to
effect a 1.0 ~mmin dianeter conpression of said | ens systemor said
positive lens results in approximately 1.0 mm of axial displacenment of said

posi tive op0cdippteripositivetintraesackenso ByaddinggatiaMdisplpcemepbof then al ong
the eye's optical axis to enable an eye to achieve nmulti distance visual

i magi ng. 2%; he’fdlé\gtefr\ GRRANEYEHS WithirBspEtd| the 16WBE dRYEraBda8ivEgengp! ant ed
W thin an ey% gen all'y perpendicular to the eye's optical axis conprising:

a first outer | t|
portion w &E I Wﬁ)&h’e e&%t%ltsg&:e h% gy%gﬁfrg%gg%%%ﬁ Irlél)%(% ‘ed OR?IEe first
e T oo Rystem agioti ;;rggém?‘@wrgﬁ%bﬁgﬁ it S SeSdrimidatvs e’

effects through the axial displacement of optic portion 34 with respect to
optic portion 37 enables an eye to achieve multi-distance visual imaging
when compressive forces are applied to eye 10 without the use of
eyeglasses.

The flexibility characteristic of haptic elements 40 and 43 of IOL
system 32 as described above is achieved through the unique design
thereof. As best illustrated in Figure 2, I0OL system 32 has haptic elements
40 and 43 formed with flexible central portions 62 adjacent to attachment
portions 44 permanently connected to outer peripheral edges 36 and 39 of
optic portions 34 and 37 -respectively. Flexible central portions 62 are
essential in imparting the necessary flexibility to the 1OLs of the present
invention. 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 ﬂaf with either rounded edges 52

as depicted in Figure 6 to provide a smoother fit with inner surfaces 50, or

13



negative optic portion with two or nore haptic el enments permanently
connected to the second outer peripheral edge to forma negative |ens,
whereby a conpressive farce sufficient to effect a 1.0 nmin dianeter
conpression of said |l ens systemor said positive lens results in
approximately 1.5 nm of axial displacenent of said positive optic portion
Wi th respect to said negative optic portion along the eye's optical axis to
enabl e an eye to achieve nulti distance visual imging. 24 3. An
accomodating i ntraocul ar lens systemto be inplanted within an eye
general ly perpendicular to the eye's optical axis conprising: a first outer
peri pheral edge defining a higher diopter positive optic portion with two
or nore haptic e ts, permanently connected, to the_first quter peripheral
edge to for moaegsj@gn%vﬁhgm,ed%a 54 %%aﬁﬁ@tt%gt”e’?'gfdéﬁ764%(91’%‘('8%@9%3"8'@“ ning a
| ower di opter negative optic portion with two or nore haptic el enents

per manent | ytaprevent eelldler migratisoand gwveh ypen ipiplantatied drelans ¢apsuie
negative | ens, whereby a conpressive force sufficient to effect a 1.0 nmin

di aneter coppression of said |l ens systemor said positive lens results in
approximately 2.0 mm of axial displacenent of said positive optic portion

W th respect to %iedsd!ﬁéé’ftlb{esﬁgérin%zi’%rﬁﬂe?é}aﬁ|ﬁ%9nhfé%t&ég'té Tl'%grb:cﬁ{ﬁc axis to

enabl e an eye to achieve nulti” di stance vi sual” i magi ng. raocul ar

:c ieQZdtsySt eMb8hicHs™ 4 37 proxifistel) 458" dlo M9 bLY Srefbfapfy POrtion is

approximétely 5.0 to 6.0 mm and most preferably approximately 5.5 to 6.0
mm in diameter and approximately 0.15 mm to 1.0 mm, but preferably
approximately 0.6 to 0.8 mm and most preferably approximately 0.7 mm in
thickness at peripheral edge 36. Haptic elements 40 and 43 extend from
the optic portions 34 and 37 respéctively of IOL system 32 in a generally
rounded or oval configuration and will increase or decrease in overall le'ngth
depending upon the sizé of IOL system 32 desired and the diameter of optic
portions 34 and 37. As the diameter of optic portions 34 and/or 37
increases, the overall length of haptic elements 40 and/or 43 may be
decreased. Likewise, as the diaméter of optic portions 34 and/or 37
decreases, the overall length of haptic elements 40 and/or 43 may be
increased. However, as customary, the overall léngth of the haptic
elements 40 and 43 are varied to achieve desired 10L system 32 sizes
rather than varying the sizes of optic portions 34 and/or 37. In general,
looped haptic elements 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

14



25, 5. The intraocular lens systemof claiml, 2 or 3 wherein said
negative optic portion is axially displaced upon conpression. 6. The
intraocul ar Iens systemof claim1, 2 or 3 wherein said negative |lens and
said positive lens are both inplanted in a lens capsule of an eye. 7. The
intraocul ar l'ens systemof claim1, 2 or 3 wherein said negative lens is
inplanted in an anterior chanber of an eye and said positive lens is
inplanted in a lens capsule of an eye. 8. The intraocul ar |ens system of
claiml1l, 2 or 3 wherein said haptic elenents and said optic portions are
formed of a foldable or conpressible material. 9. The intraocular |ens
systemof claim1, 2 or 3 wherein said positive and negative optic portions

are forned thrnomimearkimso brafefdbty Bpgrorimetdlph? sehdutergth maasuriaggr oup
consisting of silicone polyners, hydrocarbon and fl uorocarbon pol yners,

hydrogel s, t Q&W%’LE&%@% Etﬁhée b‘é%&éﬁfcéfﬁm@ﬁlay@mwﬁiﬁm BRiare 44 bane,

silicone po yner 't c monomer units, fluori ne cont ai ni ng

pol ysi | oxane elas nt raocul ar

I egs syst erResiPheral; gélépg%%%ﬂb‘? ﬁgiﬁe% Hg?;&g{?d é&t%s %ﬁ a-FmFﬁe;al d positive
and negative optic portlons are, formed from terial. 1l.The

i nt raocul arreﬁﬂﬁ@tl\@}'}ét dmapreddantis elements 4§ ‘Wﬁe‘{% brlﬁé a%HE or bot h of
said positive 'and negative optic portions are formad froma hydroge

mat eri al t hgandrallyl Byreteckor ovs} casfigutatinatas illustpateddn iRigyras i@ and I1én§° system
of claiml1, 2 or 3 wherein either one

allow axial deflection under compressive forces. Non-looped haptic elements
40 and 43 as illustrated in Figures 8 and 9 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 mmin leﬁgth measuring from the middle of
attachment portion 44 on peripheral edges 36 and 39, to the center qf
contact plates 38 and 41 respectively. Non-looped haptic elements 40 and
43 preferably have a generally rounded or oval configuration as illustrated in
Figures 8 and 9 to provide a suitable stable fit within Iens.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 haptic elements 40 and 43, i.e., the beam curve shape, relative to the
width to thickness ratio, i.e., the aspect ratio, of haptic elements 40 and 43
as described herein is critical to achieve suitable function. Flexible central
portion 62 of haptic elements 40 and 43 is approximately 0.5 to 2.5 mm, but

preferably approximately 1.0 fo 2.0 mm and most preferably approximately
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or. both of said positive and negative optic portions are fornmed from

pol y( HEMA- co- HOHEXMA) . 13. The intraocul ar fens systemof claiml, 2 or 3
wherein either one or both of said positive and negative optic portions are
formed froma material having a refractive index above ~ .336. 14. The

i ntraocul ar I ens systemof claiml, 2 or 3 wherein said | ens systemis
formed froman acrylic material. 15. The intraocul ar | ens systemof claim
1, 2 or 3 wherein said lens systemis forned froma silicone material. 27
16. The intraocular lens systemof claim1, 2 or 3 wherein said haptic

el enments are fornmed with a dinmension in a plane generally perpendicular to
the eye's optical axis to be greater than or equal to a dinension in a

pl ane general ]y parallel to the e's jcal axis. /17. The intrapcul ar
Cens. syst o & MEh i iengt: snprodmaiely -2 151 §ifeie Bk Binteraly SOREHBAIEY ned
adj acent to the outer peripheral edge of either one or both of 'said
positive an@.3ntedx?irmm apd mosherefemaily apgroximateiy Ordtboum i Widthdn planem of
claiml1l, 2 or 3 wherein one or nore of said haptic elenents includes a

stiffening s8emedaid Bppioximatehs 012 8.7anns bud pheferkibhg appraximatele O ter al | y
parallel to an eye's optical axis than in a plane generally perpendicul ar

to the eve'§aomid st Btdférably Appiimaldy B0FINRA il HikiisSliRBIae abaian 1 ( 2

or 3 wherein one or d haptic efenent$~ I ncludes 'a stiffening
R T R e e e
Pﬁlt ?2323[ ar 25&%&@5&@@5%@% azr(l)d 'mpc\)srtr%trehfggab?{/ aggpégi%%e% |1n89mtnr1] n
length, approximately 0.05 to 0.5 mm, but preferably approximately 0.1 to
0.4 mm and most preferably approximately 0.3 mm in thickness and
approximately 0.6 to 1.5 mm, but preferably approximately 0.8 to 1.2 mm
and most preferably approximately 1.0 mm in width.
As provided through the dimensions of 1OL system 32 above, looped |
and non-looped haptic elements.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.
L.ooped haptic elements 40 and 43 of the subject IOL system 32 tend to
resist deflection into closer proximity with outer peripheral. edges 36 and 39
respecti\)ely when a compression force is exerted against contact plates 38
and 41 to maximize axial displacement along optical axis OA-OA. When
accommodating IOL system 32 is used as a refractive lens, stablé, reliable

multi-distance visual imaging is provided.
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1,.2 or, 3 conprising: formng two disks fromthe sanme or different suitable
materials, machining a positive lens fromone disk) and machi ning. a
negative lens fromthe other disk. 21. A nmethod of manufacturing the
intraocular lens systemof claiml1, 2 or 3 conprising: nolding a positive

|l ens of a suitable material, and nolding a negative lens of a suitable
material. 29 .AaR A AL.A.AN . A h r.AS Ay ANf.A(.A %ANA 9. A A A
CAFLCAfLOA9.AS AfL AU, .A@QAN.A.A.A5S A ;S AY LOvLI C

j J&p} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cRa! PUnld=f @ pCF| w mhc”Y] ca] ca] ca] ca]ca]c
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polyethylenes, polyesters, nylons, metals or any biocompatible material with

suitable stiffening characteristics. Stiffening element 60 may be fabricated

using one or more layers of a mesh, screen, webbing and/or sheet to impart

the desired flexibility characteristics described herein. Stiffening element 60
may be used in conjunction with haptic elements 40 and 43 described above S
in cases where a thinner haptic design is desired while still achieving the

desired stability and flexibility characteristics.
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. 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 |OL
system 32 of the present invention is a hydrogel made from 2-hydroxyethyl
methacrylate (HEMA) and 6-hydroxyhexyl methacrylate (HOHEXMA), i.e.,
poly(HEMA-co-HOHEXMA). Poly(HEMA-c_:_o_-HOHEXMA) is the preferred
material for the manufacture of IOL 32 due to its equilibrium water content of
approximately 18 percent by weight, and high refractive index of
approximately 1.474, which is greater than that of the aqueous humor of the
eye, i.e., 1.336. A high refractive index is a desirable feature in the
production of I0Ls to impart high optical power with a minimum of optic
- thickness. By using a material with a high refractive index, visual acuity

deficiencies may be corrected using a thinner IOL. Poly(HEMA-co-
HOHEXMA\) is a desirable material in the production of IOL system 32 due to
its mechanical strength, which is suitable to withstand considerable physical
manipulation. Poly(HEMA-co-HOHEXMA) also has desirable memory

properties suitable for IOL use. [OLs manufactured from a material

possessing good memory properties such as those of poly(HEMA-co-
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HOHEXMA) unfold in a more controlled manner in an eye, rather than
explosively, to its predetermined shape. The unique design of the subject
|OL system 32 with haptic elements 40 and 43 manufactured from a
material having good memory properties also provides improved control of
haptic unfolding upon insertion thereof in eye 10.  Explosive unfolding of
IOLs is undesirablé due to potential damage to delicate tissues within the
eye. Poly(HEMA-co-HOHEXMA) also has dimensional stability in thg eye,'
which is desirable.

Although the teachings of the present invention are preferably applied
to soft or foldable |OLs formed of a foldable or compressible material, the
same may also be applied to harder, less flexible lenses formed of a
relatively rigid material such as bolymethylmetﬁacrylate (PMMA) having
flexible haptics formed either of the same or a different material.

Positive optic portion 34 of IOL system 32 can be a positive powered

| lens of approximately +20 diopter or greater but preferably approximately
+20 to +60 diopter and negative optic portion 37 of IOL syétem 32 can be é
negative powered lens of approximately —10 diopter or Iesé but preferably —
10 to ~50 diopter. Optic portions-34 and-37 may-be a combination of
_ biconvex, plano-cohvex, 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
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@O () - penpheral %ckness %r e(f)f'mer]\tonansc'l’llng and fit within the eye 10. From the
perspective of fit within eye 10 and performance, preferably positive lens 33
is convex-plano and negative lens 35 is plano-convex so the plano éurface
of positive lens 33 is in close proximity to the plano surface of negative lens
35, but most preferably, positive lens 33 is convex-plano and negative lens
35 is concave-plano so the plano surface of positive lens 33 is in close
proximity to the concave surface of negative lens 35.

Optic portions 34 and 37 of the subject IOL system 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 peripheral edge 36 and 39 of IOL system 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 optic
portions 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.
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5,326,506, each incorporated herein in its entirety by reference. If

manufactured from disks, positive and negative lenses 33 and 35

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

Once machined or'molded, positive_ and negative lenses 33 and 35 may be

poliéhed, cleaned, sterilized and packaged by a conventional method known

to tﬁose skilled in the art.

Subject IOL system 32 is used in eye 10 by creating an incision in

cornea 12 and bapsule 24, removing natural lens 16, inserting negative lens

35 and positive lens 33 as a unitary device or individually into capsule 24

and closing the incision. Preferably, lenses 35 and 33 are inserted into

capsule 24 individually to allow for easier lens folding-and smaller incision

size. Alternatively, the subject IOL system 32 may be used in eye 10 by

creating an incision in cornea 12 and capsule 24, removing natural lens 16,

inserting poéitive lens 33 into capsule 24, inserting negative lens 35 into

anterior chamber 20 and closing the incision.

IOL system 32 of the present invention provides for an

accommodating lens suitable for use in an aphakic eye 10. 1OL system 32

comprises two intraocular lens each having haptic elements 40 and 43 with
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flexibility characteristics that facilitate opposed axial displacement of optic

portions 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

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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We claim:

1. An accommodating intraocular lens system to be implanted within
an eye generally perpendicular to the eye's optical axis
comprising:

a first outer peripheral edge defining a higher diopier positive
6ptic portion Mth two or more haptic elements 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 portion with two or more haptic elements

permanently connected to the second outer peripheral edge to
form a negative lens,
whereby a compressive force sufficient to effe_ct a 1.0mmin
diameter compression of said lens system or said positive lens
results in approximately 1.0 mm of axial displacement of said
positive optic portion with respect to said negative optic portion
" along the eye’s optical axis to enable an'eye to achieve muiti-

distance visual imaging.
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2. An accommodating intraocular lens system to be implanted within
an eye generally perpendicular to the eye’s optical axis
comprising:

a first outer peripheral edge defining a higher diopter positive
optic portion with two or more haptic elements 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 portion with two or more haptic elements

permanently connected to the second outer 'peripheral edge to
form a negative lens,
whereby a compressive force sufficient to effect a 1.0 mmin
.c.iiameter compression of said lens system or said positive lens
results in approximately 1.5 mm of axial displacément of said
| positive optic portion with respect to said negative optic portion
along thé eye's optical axis to enable an eye to achieve muiti-

" distance visual imaging.
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3. An accommodating intraocular lens system to be implanted within
an eye generally pérpendicular to the eye’s optical axis
comprising:

a first outer peripheral edge deﬁning a higher diopter positive
optic portion with two or more haptic elements 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 portion with two or more haptic elements

permanently conneéted to the second outer peripheral édge to
form a negative lens,
whereby a compressive force sufﬁcient to effecta 1.0 mm in
diameter compression of said lens system or said positive lens
results in approximately 2.0 mm of axial displacement of said
positive optic portion with respect to said negative optic portion
along the eye’s optical axis to enable an eye to achieve multi-

distance visual imaging.

4. The intraocular lens system of claim 1, 2 or 3 wherein said

negative optic portion is fixed.
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5. The intraocutar lens system of claim 1, 2 or 3 wherein said

negative optic portibn is axially displaced upon compression.

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

capsule of an eye.

7. The intraocular lens system of claim 1, 2 or 3 whereih 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.

8. The intraocular lens system of claim 1, 2 or 3 wherein said haptic
elements and said optic portions are formed of a foldable or

compressible material.

9. The intraocular {ens system of claim 1, 2 or 3 wherein said poéitive
and negative optic portions are formed from the same or differing
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.
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10. The intraocular lens system of claim 1, 2 or 3 wherein either one
or both of said positive and negative optic portions are formed

from a hydrogel material.

11.The intraocular lens system of claim 1, 2 or 3 wherein either one
or both of said positive and negative optic portions are formed

from a hydrogel material that is 18 percent by weight water.

12.The intraocular lens system of claim 1, 2 or 3 wherein either one
or both of said positive and negative optic portions are formed

from poly(HEMA-co-HOHEXMA).
13.The intraocular lens system of claim 1, 2 or 3 wherein either one
or both of said positive and negative optic portions are formed

from a material having a refractive index above 1.336.

14. The intraocular lens system of claim 1, 2 or 3 wherein said lens

"'system is formed from an acrylic material.

15. The intraocular lens system of claim 1, 2 or 3 wherein said lens

system is formed from a silicone material.
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16. The intraocular lens system of claim 1, 2 or 3 wherein said haptic
elements 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 pléne generally parallel to the eye's optical

axis.

17. The intraocular lens system of claim 1, 2 or 3 wherein a glare
reduction zone is formed adjacent to the outer peripheral edge of

either one or both of said positive and negative optic portions.

18. The intraocular lens system of claim 1, 2 or 3 wherein one or
more of said haptic elements includes a stiffening element having
less resistance to bending in a plane generally parallel to an eye's
opti'cal axis than in a plane generally perpendicular to the eye's

optical axis.

19.- The intraocular lens system of claim 1, 2 or 3 wherein one or
“more of said haptic efements includes a stiffening element formed
from the same or differing materials selected from the group
consistiﬁg of polymethyl methacrylate, polyimide, polyolefin, high-

density polyester, nylon and metal.
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20. A method of manufacturing the intraocular lens system of claim

1, 2 or 3 comprising:

forming two disks from the same or different suitable materials,
machining a positive lens from one disk, and

machining a negative lens from the other disk.

21. A method of manufacturing the intraocular lens system of claim

1, 2 or 3 comprising:
molding a positive lens of a suitable material, and

. molding a negative lens of a suitable material.
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