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The present invention relates to an intraocular lens (I1OL) systemand a

met hod fqy, W{g.g and using the sane. Mre particularly, g,b@,dgf,@@%t
invention relates to an accommodating | OL system designed for nulti-

di stance visual imaging in aphakic eyes where a diseased natural |ens has
been surgically renoved, such as in the case of cataracts. BACKGROUND OF
THE I NVENTION |1 OL i npl ants have been used for many years in aphakic eyes as
repl acenents for diseased natural crystalline | enses that have been
surgically renoved fromthe eyes. Many different |1 OL designs have been

devel oped over past years aNTRAOGILARCENSSHSTEN use in aphakic eyes.
Successful 10OL designs to date primarily include an optic portion with

supports therefor, called haptics, connected to and surroundi ng at | east
part of the optic portion. The haptic portions of an IOL are designed to
support the optic portion of the 1OL in the |lens capsule, anterior chanber

or posteri h r 1 WD 01/ 34067 PCTIUSOQ 29342 Commercially
successf ul OFI“Q:@ ﬁ%%i&ﬁgﬁéﬁ roma variety of bioconpatible materials,
ranging fromnore rigid materials such as

The present invention relates to an intraocular lens (I0OL) system and
a method for making and using the same. More particularly, the present
invention relates to an accommodating IOL system designed for multi-
distance visual imaging in aphakic eyes where a diseased natural lens has

been surgically removed, such as in the case of cataracts.

BACKGROUND OF THE INVENTION

IOL implants have been used for many years in aphakic eyes as
replacements for diseased 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 primarily include an optic portion with
supports therefor, called haptics, connected to and surrounding at least part
of the optic portion. The haptic portions of an IOL are designed to support
the optic portion of the IOL in the lens capsule, anterior chamber or posterior

chamber of an eye.



pol ynet hyl met hacryl ate (PMMA) to softer, nore flexible materials capabl e of
bei ng folded or conpressed such as silicones, certain acrylics, and
hydrogel s. Haptic portions of the | O.s have been formed separately from
t%e ogtic“ﬁﬂm #%h and | ater connected thereto through proé%ggg@mgﬁé% as
heat, physical staking and/or chem cal bonding. Haptics have al so been
formed as an integral part of the optic portion in what is comonly
referred to as "single-piece" IOLs. Softer, nore flexible |IOLs have gai ned
in popularity in nore recent years due to their ability to be conpressed,

folded, rolled o t | r ~ouch softer 10Os may. he deforned
prior to inserti gﬁ&ﬁ%&@élg%ufgg%ﬁﬂﬂ% r?%ch lg?%rhrqarqetf%m@oy%éggyg? an eye.
Following insertion of the |OL in n eye, the QL returns to its original
pr e- def or ne'@l'%ﬂﬁ}?@“@'@em?g’ria rARGIDe yron merediad matedals SUCh @S soft nateri al .
Softer, nore flexible 10.s as just described may be inplanted into an eye
t hrough an pelymstyimethacrylst MAgtalisbéier, more. flexthle mateBals gapablenah t hat
necessary for nore rigid IO.s, i.e., 4.8 to 6.0 mm A larger incision is

necessary fpeingdoldedioyicomptessdibsacisas shiconeseriairsbetytics,zawy t ed through an
incision in the cornea slightly larger than the dianeter of the inflexible

I QL optic bgels. MARIcPAHIbNs of MefI0Lisald baén fdimeR | popul ar
in the mar Eﬁdrs?nge Iargcge incsi" cs)i ons haveéi/tsleen 2 WO 01/ 40%@% UsOQ 29342

found to beasaARl Afith WhiiatP chREGRS WerelS iSHSE pRIcR88L 808H 3L Ve

heat, physical staking and/or chemical bonding. Haptics have also been
formed as an integral part of the optic portion in what is commonly referred
to as “single-piece” |I0Ls.

Softer, more flexible IOLs have gained in popularity in more recent
years due to their ability 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 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 I0Ls 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 I0Ls 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



conplications, such as induced astigmatism After 1OL inplantation, both
softer and nore rigid IOLs are subject to conpressive forces exerted on

t he out erw%%?gﬂq; hereof from natural brain- induced contr geligodich
rel axation o e ciliary nuscle and increases and decreases in vitreous

pressure. Conpressive forces of this kind are useful in a phakic eye for
focusing the eye at various distances. Mbst commercially successful |CL
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

singl e focugh@s HeSdotitédRitheR inBbabddhdashse BPpG:B@PSl%tiR/Be focus of

the eye. A few fixed bifocal IO.s have been introduced to the conmerci al
mar ket but f e, di hat each bifocal inmage represents
only about ?o%@@éaﬁlgbge Q&o?éj! e(aég%fsﬂgﬁ\aégﬁght t hus | essening visual
acuity. Because of the noted shortcom ngs of current 1OL designs, there is
a need for accommodating | OLs designed to provide inproved visual inmaging
at various distances in aphakic eyes w thout the aid of eyeglasses. 3 WO
01/ 34067 PCT/ Usobftent®ioimsamatian, orthTeafter qudnmoeNigid |QLs aresubjachtp
intraocular lens (1 OL) system made in accordance wth the present
i nventi on hesmpressiviet foraesi eXerteacon tie dtes edgesitheresinpmntdtukah braiht h a
negative intraocular lens. The positive intraocular |Iens has a "higher"

induced contraction and relaxation of the ciliary muscle and increases and

decreases in vitreous pressure. Compressive forces of this kind are useful

in a phakic eye for focusing the eye at various distances. Most commercially

successful IOL 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 |0Ls require the wearing of glasses to change the

focus of the eye. A few fixed bifocal IOLs have been introduced to the

commercial market 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 |OLs designed to provide improved visual imaging

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



di opter, preferably approximately +20 diopter or greater, such as but not
limted to +20 to +60 di opter, positive optic portion with an outer

peri pheral edge and two or nore but preferably two, three or four haptic
el ements WON138§hporting the optic portion in a patient's FEFEUSHREBegative
intraocular lens has a "lower" diopter, preferably approximtely -10
diopter or less, such as but not [imted to -10 to -50 diopter, negative
optic portion also having an outer peripheral edge and preferably the

same, but ogf LT nber of haptics fromthat of the
positive op#nggHﬁygﬁﬂﬂ’%gﬁmﬂm negative intraocul ar | enses each

havi ng two hapti¢c el enents are bal anced for_ stability within an eye to

m ni m ze decent r'gf‘ia(‘}ﬁoﬁ'ym‘?f?:ﬂ%ﬂgdngaﬂﬁlﬂﬁf l?nSé[%wst?fﬁtféa%m JeEUHABEL Wi t h or
subsequently attached to two opposed edges of each of the two optic
portions. Pyihthe preseat invgationdasa pegitive intraocuelas éenseusad imasaniynctionee
haptic el enents are balanced to achieve stability and mnimze

decent r at i owitlha repétivg intraedularf lehao Thegidsitivel iatraotdar leinedraal 4 thigher'med wi t h
or subsequently attached to one edge of each of the optic portions and a

third haptigiopledBralferaBlyeapstoxitAtalyeeh Widpherdr drHBRR MM 49 buphdtached to an

opposite edge of each of the optic 'portions. Positive and negative |enses

cach ey DB 006 SOSIEPT, AR R R et pUERORER CCT,
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supporting 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 diopter, 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 and negative intraocular

lenses each having three haptic elements are balanced to achieve stability

and minimize decentration by 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



of the optic and a set of two haptic elenents integrally forned with or
subsequent|ly attached to an opposite edge of the optic. Each haptic

el enent has an attachnent portion that permanently connects the haptic

el ement tWORB44Y%t er peri pheral edge of an optic portion. FGT/Y284ht i ¢
element is of a | ooped design, the haptic el enent has generally two
attachnent portions that permanently connect the | ooped haptic elenent to
the outer peripheral edge of the optic portion. In the case of |enses
having three or four |ooped haptic elenments, a set of two | ooped haptic
el ement s ave three attachnent portions rather than four. ILn such a
case, one gg%bﬁﬁéa?apﬂﬁ"@F?Q@ﬁﬁ%ﬁ?ﬂ by £8F8 OpLC PORIRMMNRYNG 236t of Whe t wo
| ooped haptic elenents in the set. Each hagtic el enent whether of a | oop

desi gn or nbaptig elemeants indegrady femmedtwith osisupsequently altached thengsdgea he

attachnment portion and a contact plate. The contact plate is designed to
engage an i ofthe opticrdrace sef oftweehaptiv elements intégrally éormddewitkiorr al porti ons
that extend between the contact plates and the attachnent portions allow

the optic paipdefuenty atthehéd t&gn@g@béiité/edg@@fﬂf&@bﬂid{elzéaﬁlﬁaﬁtié0 move or to
adjust to pressures " exerted on the positive and negative |enses within the
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element is of a looped design, the haptic element has generally two
attachment portions that permanently connect the looped haptic element to
the outer peripheral edge of the optic portion. In the case of lenses having
three or four looped haptic elements, a set of two looped haptic elements
may have three attachment portions 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 located 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 adjust to pressures
exerted on the positive and negative lenses within the eye. Additionally,

within these flexible central portions, each haptic element is designed to

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



an eye. By providing haptic elenments with this type of flexibility
characteristic, the present accommopdating | OL system achi eves axi al

di spl acenent of the positive optic portion with regard to the negative
optic poVOi®A4%Iong the optical axis of the eye when conpi@d&i00@9dr ces
are exerted against the accommodating | OL system Al so, by conbining a

hi gher di opter positive optic portion with that of a | ower diopter negative
optic portion, an additive effect is achi eved whereby even slight novenent
or axial displacenent of the higher diopter positive optic portion with

regard to the | ower diopter negative tic portion achieves a .

S oni 11 cant PS5 AbEvebABIS & MIANG Beberly perpdRicy REi ha eplicep as of

mul ti-distance visual ipaging without the aid of eﬁeg_l asses. Accordingly,
it is an obfReyeoByprevising baptic aleaants withdhisrtype @& lewbilirmodat i ng

I ntraocul ar |l ens systens for use in aphakic eyes. Another object of the

present i nvemaraoteristicttbepresémtaccoorumodatatg Q). systemeachidvas dxdals systens for
use i n aphakic eyes, which achieves axial displacenent of the higher

di opt er opt digpReehiet ofMtHepo<iHAS d?ﬁ@pbﬂi%_nl WifleFegaid @ HRS né@ative Gtid | on al ong
the optical axis of the eyes. Another object of the present invention is to
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exerted against the accommodating IOL system. Also, by combining a
higher diopter positive optic portion with that of a lower diopter negative optic
portion, an additive effect is achieved whereby even slight movement or axial
displacement of the higher diopter positive optic portion with regard to the
lower diopter negative optic portion achieves a significantly large increase in
accommodative effect and improved multi-distance visual imaging without
the aid of eyeglasses.

Accordingly, it is an object of the present invention to provide
accommodating intraocular lens systems for use in aphakic eyes.

Another object of the present invention is to provide accommodating
intraocular lens systems for use in aphakic eyes, which achieves axial
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.



Anot her obj ect of the present invention is to provide accommopdati ng
intraocul ar | ens systens for use in aphakic eyes, which mnimze danage to

ti ssues i&?y}%&%pt erior of the eyes. Still another object Pefrfdsbﬁ;z%zesent

i nvention provi de accommodating intraocul ar | ens systens, Ich are
resistant to decentration wthin the eyes. These and ot her objectives and
advant ages of the present invention, sone of which are specifically
descri bed and others that are not, will becone apparent fromthe detailed
description, drawings and clainms that follow, wherein |ike features are

desi gnat ed by |1 GGoFBcPof trEFSEeRERPERH SN DroliHe RROMIMIBRFOURE 1 i's

a schematic representation of the interior man eye;, FIGJRE 2 is a
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side view of the |ICL s¥stem of Figure 2; FIGURE 4 is a cross sectional view

of the | O tspyesdn dre Imtefipreofihe €YR8n al ong Iine 4-4; 7 WD 01/ 34067
PCT/ US00/ 29342 FIGURE 5 is a side view of the haptic el ements of Figure 3
with Still another object of the present invention is to provide

accommodating intraocular lens systems, which are resistant to decentration
within the eyes.

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

wherein like features are designated by like numerals.

BRIEF DESCRIPTION OF THE DRAWINGS

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

FIGURE 2 is a plan view of an accommodating IOL system with each
optic portion having 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 IOL system of Figure 2

taken along line 4-4;



sharper edges; FIGURE 6 is a side view of the haptic elements of Figure 3
with rounded edges; FIGURE 7 is a cross sectional view of the haptic
elenents of Figure 5 wth a stiffening elenent; FIGURE 8 is a plan_view of
an accommWOMBME7 1 OL systemwith each optic portion havi FFHGWP 284t cs
made in accordance with the present invention; FIGURE 9 is a side view of
the 10OL systemof Figure 8, FIGURE 10 is a plan view of an accomodati ng

| OL systemwith each optic portion having two haptics made in accordance
with the present invention; and FIGURE 11 is a side view of the 1OL of

Fi gure 10. DETA CRI PTI ON OF THE | NVENTI ON Fi e 1 illustrates a
i ol 1 ed di agr EIPHREA Fpeidovetsl e NaPLRARIPRNS AWt Wl evant to
the inplantation of an intraocular lens of the present invention. Eye 10
i ncl udes ansbBptiec&dOgscl ear cornea 12 and an iris 14. A natural
crystalline lens 16 and a retina 18 are |ocated behind the iris 14 of eye
10. Eye 10 al so FIBURE:6 imatside viewctidthbdrapio dlernantsdofifigiireohwithf 8 WO
01/ 34067 PCT/ US00/ 29342 iris 14 and a posterior chanber 22 | ocated between
iris 14 andrh\aidddeéddesds
FIGURE 7 is a cross sectional view of the haptic elements of Figure 5
with a stiffening element;
FIGURE 8 is a plan view of an accommodating IOL system with each
optic portion having four haptics made in accordance with the present
invention;
FIGURE 9 is a side view of the IOL 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 structures relevant to the implantation of an intraocular lens of the
present invention. Eye 10 includes an optically clear cornea 12 and an iris
14. 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



16. Accommodating | OL systens of the present invention are preferably
i nplanted in lens capsule 24 after the renoval of diseased natural |ens 16.

Eye 10 al ' des an optical axis OA-OA that is an i mag-Ralyehdspe t hat
passes th‘?g E&%ﬂe optical center 26 of anterior surface 28 and posterior

surface 30 of natural lens 16. Optical axis OA-CA in the human eye 10 is
general ly perpendicular to a portion of cornea 12, natural |lens 16 and
retina 18. The I OL system of the present invention, as illustrated in
Figures 2 through 11 but best illustrated in Figures 2, 8 and 10, is

dentifi ed GRNE ahd % ndilerH RS SLERAR &&web@lmﬂata%@é& fBHs ses a

positive |l ens 33 Ing a hig pter optic portion 34 w an outer

peri pher al a |e r optic
port1on 37 tﬁ\ciﬁmiﬁé’%%tﬁ@}@ﬂ %msé%ms Bl @e@éﬁ?ﬁé&fgﬁé i gned for
I mpl ant ati on refera e sul e 24 of atient's el
AlternativeW{E)aBt%jl'f‘ F%PI%UI?:% rike r?dr’a&%lopf gased nafy ?’9@52 -and
negative lens 35 may be nmanufactured as a standard anterior chamber

i ntraocul ar Eyer® also inalides-an optieal axiPAgeA thatis amignagiaarydinectheted in U. S.
Patent No. 5,300,117, incorporated hereinin its entirety by reference,

and positi opgskes mkcbugrameeasmmal cérateb 26 o @ntalirsulface 28yaricposterios
positioned within lens capsule 24 of eye 10, positive lens 33 is

preferably posidd 90@f nafiiral lefs 160 Oﬁ!ﬁlﬁl xR OAMSAIR ti HumahadyeoTd 1 vaul ted,
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generally perpendicular to a portion of cornea 12, natural lens 16 and retina
18.

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

through 11 but best illustrated in Figures 2, 8 and 10, is identified generally
by reference numeral 32. IOL system 32 comprises a positive lens 33
having a higher diopter optic portion 34 with an outer peripheral edge 36 and
a negative lens 35 having a lower diopter optic portion 37 with an outer
peripheral edge 39. IOL system 32 is designed for implantation preferably in
lens capsule 24 of a patient’s eye 10. Alternatively, positive iens 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 [OL

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.,



vaulted toward iris 14, and negative |lens 35 positioned posterior to
positive |lens 33 and posteriorly vaulted, i.e., vaulted toward retina 18.
A vault of approximately 1.0 to 2.0 nmneasuring fromthe plane of outer
peripheré“m”ﬁgﬂgg 36 and 39 of optic portions 34 and 37 r &I to the
pl ane of haptic contact plates 38 and 41 respectively, described in detail
below, is generally suitable. Preferably integrally formed on peri pheral
edges 36 and 39 of optic portions 34 and 37 are two or nore but preferably
two, three or four |ooped or non-looped haptic el enents 40 and 43

respectivel each havi ng, an edge portiopn_42 and 45 respectively. Haptic
el enent s 40\>I3éﬂt&%j§wa§f g'sp%éfaé}d t'i% Riies gﬁ stﬁﬁpﬁé@#@%réﬂ@oﬁ@xﬁanent ly
connected to outer  peripheral edges 36 and 39 of optic portions 34 and 37
by attachnefbs 336nd eestedarly yayltad; Aei, waulted sowast retina 8. cAvpulteht s 40 and
43 may be attached to optic portions 34 and 37 by staking, chem cal

pol yner i zatapproximatelytie® tor@thous measuningdrarh dse piane dfeitenpédighexal . Each
haptic el ement 40 and 43 al so includes a broadened contact plate 38 and 41

respect i veledgbasd@ard 39taf aptiefporidns/34aaaBy tedpettiviely ftesplaReiof | ens
capsul e 24 of eye 10. Broadened contact plates 38 and 41 nay be designed

for direct itiolntdit platel Satddt £ rbdhdctivbhyBedeith ihletalBHIILH ONS MY

i ncl ude, but "are not cont'act plate aving a trough 70 and
comtact B Sl BaNe Prdf R sl BB aBh LaBesBE gy o
39 of optic portions 34 and 37 are two or more but preferably two, three or
four looped or non-looped haptic elements 40 and 43 respectively, each
having an edge portion 42 and 45 respectively. Haptic elements 40 and 43
are preferably integrally formed with and permanently connected to outer
peripheral edges 36 and 39 of optic portions 34 and 37 by attachment
portions 44. Alternatively however, haptic elements 40 and 43 may be
attached to optic portions 34 and 37 by staking, chemical polymerization or
other methods known to those skilled in the art. Each haptic element 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,

10



I nterlocking of positive |lens 33 and negative lens 35 (Figure 11) or an
extended tab 74 on edge 45 of contact plate 41 to achieve preferably

nonper ma alternatively permanent, interlocking Wi Re68342 Of
cont act gﬁgi"’é@? of positive lens 33 (Figure 3). As another alternative,

best illustrated in Figure 8, contact plates 38 and 41 of positive |ens 33
and negative lens 35 nmay be positioned so as to avoid direct contact upon
pl acenent within |lens capsule 24. In accordance with the present invention,
haptic el ements 40 and 43 are designed so that when IOL system 32 is

i mpl ant ed iifteHB&kih§ of poSilive I¢hs?d3 afll rdgBfVé Rits 35 g’ggur& At 4l d in place

t hrough conpressive forces exerted by~inner surf s 50 ‘on contact plates

g | T n cor
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50 i 10. Accordingly, haptic el enents, 4 d 43 are d dto fl
'n a pl ane NGBRENEANA SRV AIRIABLYSly Befmansst reufiting Wibiaion iz S and 37 of

| OL system 32 and generally parallel to that of optical axis OA-OA of eye
10. Hapt | ¢ contarmale 36 Gimoshyerlpes 33dFRe ke Asnobtercicsaties, beshs 33 w t h
respect to lens 35. Wien |OL system 32 is inplanted within | ens capsule
24, | ens 3Hlustratdrbinf Figece 8heordbot plateg 3&and 83 ofipesiive déms/38iandl aced to
achieve nulti-distance visual imaging. However, it is preferable to
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placement within lens capsule 24.

In accordance with the present invention, haptic elements 40 and 43
are designed so that when IOL system 32 is implanted in the lens capsule 24
of a patient’s eye 10 and held in place through compressive forces exerted
by inner surfaces 50 on contact plates 38 and 41 of haptic elements 40 and
43 respectively, haptic elements 40 and 43 flex so that contact plates 38 and
41 do not slide along surfaces 50 in eye 10. Accordingly, haptic elements 40
and 43 are designed to flex in a plane generally perpendicular to that of optic
portions 34 and 37 of IOL system 32 and generally parallel to that of optical
axis OA-OA of eye 10. Haptic elements 40 and 43 flex to achieve
displacement of lens 33 with respect to lens 35. When |OL system 32 is
implanted within lens capsule 24, lens 35 may be fixed whereby only lens 33
is axially displaced to achieve multi-distance visual imaging. However, it is

preferable to maximize accommodative effects through opposed axial

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

11



WD 01/ 34067 PCT/ USQ0/ 29342 and designing this type of flexibility
characteristic into haptic elenents 40 and 43, |ICL systen13f acgieves
maxi mum acco ative effect to allow an eye to achieve ti-distance
vi sual ir?ﬁéi“%})‘\?hhout the aid of eyeglasses. The flexi biq’llé‘iT('ﬂﬁ"“’Z”‘”
characteristic and vaulting of haptic elenents 40 and 43 enabl es axi al

di spl acenent of optic portions 34 and 37 in opposite directions along
optical axis QOA-OA of eye 10. Conpressive forces of differing nmagnitudes
within the range of approximately 0.1 to 5 nmN exerted agai nst contact

| ates 38 . Of. i s A4 . f r.oxi-mat el y an
overal | 1. %“%SA@%?Q?}@%é\?peﬁéf}@er‘%ﬁé@ﬁvo%ai%ﬁf%é@ﬂﬁhﬁﬁ@é@eﬁr‘fiﬁ@ﬁﬁgs t hat
caused by natural brain-induced forces within eye 10, results jn
epproxi mat &S 45 doh st X3 SefievmasimupRsSetHadaive AT ko alkownof
optic portions 34 and 37 al ong optical axis OA-OA in an eye 10. By
conbi ni ng &YRitgashieyedpultirdip@siceivisuad fnagingavithastt the ald efreyegldssasi ower
di opter negative optic portion, an additive effect is achieved whereby

even sl i ghiTherftexibiitytcharacteristic and phaltingwfihapfic tlegndntgderant 48t er positive
optic portion wth regard to the | ower diopter negative optic portion

resul ts i nepab¥ssadiginisplaosmbnt ¥f bsticdsortiBRS 8adhd J7 #E6 itetgioR§ f ect and
i mproved rmulti-distance visual inmaging wthout the aid of eyeglasses. For

exanpl e, i fal%mdq‘ﬁpt‘;@ %éfgqakl- pAEbf-E&g 4. OBbR{prESsid #q‘fgerzé p% aﬁ’fgﬁl'cﬂ; ar lens in

conj unction | opter gative rniraocu ens a conbi ned
;gﬁi gi/ggt 3@%‘[@%& H@ﬂ\zn the Pa{n%veegf aaﬁprg%"rir%tel?/%i) ltg 5tnqﬁ e%%?t%@?gda%s'tve effect
contact plates 38 and 41 of haptic elements 40 and 43 to effect
approximately an overall 1.0 mm in diameter compression of IOL system 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 optic portion, an additive effect is achieved whereby even slight
movement or axial displacement of the higher diopter positive 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



12 WO 01/ 34067 PCT/ US00/ 29342 +20 diopter positive intraocular |ens. By
addi ng axi al displacement of the higher diopter positive lens with respect
to the | oygyiisgapt €r negative lens, the acconmodative eff@Qef/gsfahodsbe | OL
system 32 are even greater. The IOL system 32 of the present invention
with its maxi m zed accommodative effects through the axial displacenent of
optic portion 34 with respect to optic portion 37 enables an eye to
achieve nulti-distance visual imaging when conpressive forces are applied
to eye 10 without the use of eyeglasses. The flexibility characteristic of

haptic el eregg éloﬁﬂergﬂ&lti% iffrabédiar lBWS! @V&?dlﬁ? aStRit aidphrdradit\t the achi eved
t hrough the unique design thereof. As best iTlustrated in Figure 2, ICL

SySC o 9 Rl o kSRR and i LSt R OAG

portions 6 attachnen y connected to

Fllexi bl e ¢ H?%"i‘&'ﬁow?feqsa&w? o Roacliy vsﬁ#r‘%ﬁ#?%%\c%“w%%? "ThEI6ES

flexibility to the IOLs of the present, invention. Flexible central
portions G6BYSHRB 32 fithe REeEAti 'W%"'Qﬁé”'ﬂlsﬁ&ma@@ﬁ@ﬂaﬁ@?"ﬂﬁ@% to opti cal
axis OA-QOA, as depicted in Fbgur es 3, 9 and 11, less than or equal to but
most pref ereﬂﬂoys theeugh thenaxia |salmeemenpbﬁnpticlagzt'®n Iewih aéspegbéo pendi cul ar
to optical axis OA-OA as depicted in Figure 2, 8 and 10. Contact plates 38
and 41 are dpticgidrtien B7fdrableyd am egé td achieos migt-distaase $idual 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, IOL 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 IOLs 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 flat with either rounded edges 52

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

13



as depicted in Figure 6 to provide a snoother fit with inner surfaces 50,
or 13 WO 01/34067 PCT/USQQO 29342 nore defined, sharper edges 54 as
depicted in Figure 7 to provide a barrier to prevent cellular mgration
and gr ot"OAH6T npl antation in | ens capsule 24. The subPEUSI¥RTEY st em 32
Is preferably manufactured to have optic portions 34 and 37 approxi mately
4.51t0 9.0 mmm but preferably approxinmately 5.0 to 6.0 nm and nost
preferably approxinmately 5.5 to 6.0 mmin diameter and approxi mtely 0.15
mmto 1.0 mm but preferably approxinmately 0.6 to 0.8 nm and nost
preferably approximately 0.7 mmi t hi ckness at | phera] edge. 36. Haptic
el enent s 4611&%08%"@%,(?&%@6(@89?3P%ea%g?;?le{élgdptFﬁgm'geéﬁp%rﬁadﬁa g’gﬂf’é’ct ivel y
of IOL system32 in a generally rounded or oval configuration and wll

i ncrease o0 gERvasy sellyiar pugrasirn ansgrowth yepe implaptatisninglees sapsulef | OL
system 32 desired and the dianeter of optic portions 34 and 37. As the

di anmet er of24optic portions 34 and/or 37 increases, the overall |ength of
haptic el ements 40 and/or 43 may be decreased. Likew se, as the dianeter
of optic porti oThedduiect/IOL SbtertieS iBgsieferablpenaFadtured fNBAVe Bptid1apt i

el ements 40 and/or 43 may be increased. However, as customary, the overall

engt h of HaRidAPsd gﬂd%e%@;s}bﬁirﬁéle%ms%g% ﬁarﬁ,%qt%gege?%&ghi eve desired | Q.

system 32 sizes rather than varyi the sizes o pt ortions 34 and/ or
37. In gen%rp%LOXimately 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 respectively of IOL system 32 in a generally
rounded or oval configuration and will increase or decrease in overall length
depending upon the size 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 diameter 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 length of the haptic
elements 40 and 43 are varied to achieve desired IOL 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 épproximately 3.4

14



| ooped haptic elements 40 and 43 as illustrated in Figures 2, 8 and 10 are
formed to be approximately 2.6 to 6.0 nm but preferably approximtely 3.4
14 WO 01/ 34084, fe5T/ US00/ 29342 to 5.0 nm and nost pref er ablop apphays mately
4.2 mmin I'ength neasuring froma point of equal distance between conmon
attachnment portions 44 on peripheral edges 36 and 39, to the center of
contact plates 38 and 41 respectively. Looped haptic el enments 40 and 43
preferably have a generally rounded or oval configuration as illustrated
in Figures 10 and 11 to allow axial deflection under conpressive forces.

Non- 1 ooped {Raph inﬁnedlﬂrﬁ%ﬁpreg@rgﬁpga%}?mtbw&rrﬁﬁx% Ié@qtﬁirﬁé’éﬁﬁin@ and 9 are

formed to be approxinmately t preferably approximately 3.4

to 5.0 mMm . ' . | 0l uring
from the m g it 8 € M e BE A Sicn ddtiidhe sERAMS 4E8ELG 55, o
the center of. contact ates,_38 and 41 respectively. n- | ed haptic

1 erment s ACPIRIETA S aes S A FOniayBe LaA A RNAC SiATas FonEah
configuration as illustrated in Figures 8 and 9 to provide a suitable
stabl e fit respestivelyendoeppd iaptio gletRents 4Ghandds mietexably havelaecti on under
conpressive forces. For purposes of the present invention, the generally

rounded or geradralbhepadet dravakdorfiguration as diysadtddhipt Figurdsetfeand 140tcand 43,
i.e., the beam curve shape, relative to the wdth to thickness ratio,

i.e., the agpRchxiaPdéfoctioh unRr coMPrésENVE fordds. ash-fodpedhdptie@lemestsher ei n

Is critical to achieve suitable function. Flexible central
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 mm in length measuring from the middle of
attachment portion 44 on peripheral edges 36 and 39, to the center of
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 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 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 to 2.0 mm and most preferably approximately

15



portion 62 of haptic elenments 40 and 43 is approximately 0.5 to 2.5 mm but
preferably approximately 1.0 to 2.0 mm and nost preferably approximately 15
WO 01/ 34067 PCTI USQQ/ 29342 1.6 mmin length; approximtely 0.2 tol.0 nm
but pref eWaAF4¥Bproxi mately 0.3 to 0.7 mm and nost pr ef rEhY§P0/29342
approximately 0.46 mmin width in plane 48-48 and approximately 0.2 to 0.7
mm but preferably approximately 0.3 to 0.6 and nost preferably
approximately 0.43 mmin thickness 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 st preferably approx| ely 1.8 in | th, approxi mately
0.05 to 0.5 munﬁefaﬂt&d@&&&%bﬁ%itﬁiﬁépmwiWﬁe@ﬂ?ﬁﬁpwﬁgﬁw
preferably approximately 0.3 nmin thickness and approximately 0.6 to 1.5
mm but pr &.8tabl§ mip gnexmesi peferably appraximately O mrodn widtbfie piasney
approximately 1.0 mmin wdth. As provided through the dinensions of |ICL
system 32 a4 8 andapprdximatelyrh? td 0ahein, taptprefeed s yappsoxdtatalg 0438tcar e
relatively thick in plane 48-48 at contact plates 38 and 41 through to

at tachment 0).9rdnb%ésﬂﬂref’étﬁb@%d;ﬁoxiﬁfé’télk@?& Afmanthidithesd ihlplanesbllee central
portions 62 preferably exhibiting a thinner dinension in plane 46-46 than

(Mt o | ol aahe 55 48 aock SOREHNTS L8 RIAA il 0 01 (1,
e e Dt Sk 0550 2fite gl DS rbierhuly WBRorimStdp 1 Rt force 18

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 IOL 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.

Looped 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

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 system 32 is used as a refractive lens, stable, reliable

multi-distance visual imaging is provided.
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and 41 to maxi m ze axial displacenent along optical axis OA-OA. Wen
accommpdating | OL system 32 is used as a refractive lens, stable, reliable
mul ti-distance visual imaging is provided. 16 WO 01/34067 PCT/ US0Q/ 29342
The desir 3P $34%7hi ity characteristic of haptic el ements YoUHNW23%20f | oL
system 32 may |i kew se be achi eved or enhanced by incorporating a
stiffening elenent 60, in the shape of a wide, very thin ribbon, in one or
nore haptic elenents 40 and 43, as illustrated in Figure 8. Stiffening

el ement 60 nay be positioned in haptic el enents 40 and 43 so that w de or
broad fl at face.l.62 | S. ok

So as to be thi nN&gPEFTY P E’@gm%r@Cﬁea&SQ?PﬁﬁaP ¢ Blomenst akbedelie *°*°

Stiffening elenment 60 functiogns in manner simlar to that of an |I-beam
i n const r uciQlosystemn3g maydikewdsg be a&h@p{ﬁﬁ@@h@ns%@g iReArPeEAtingd@ s oA- 0A
when conpressive force is applied to contact plates 38 and 41. Stiffening
el ement 60 stifeningrelemeEnt£0, ésthef shapebdfea wirdes viegy thimasibbonan arfe o @bresyst em
32. Suitable materials for stiffening elenment 60 include but are not

linmted to mwaiticeementB0 Bndrdd, lsdllugipdtyd i Frure BOBYiffesihgembhpbo densi ty
pol yet hyl enes, polyesters, nylons, netals or any bioconpatible material

with sui tar‘?ubg gbééclﬁéHéwan@tﬁ%léﬁm'eﬁ&!@@an@%ﬁ&?fﬁa‘?%é’é6 f)t{aoeﬂétmiy be

fabricated one or | ayers of h, screen ng and/ or

sheet to | ggeles OGRS 8 pldiE bdtaliris APSIATARS 48R, BERGbLIRA her i

Stiffening
axially in a plane parallel to that of plane 46-46. Stiffening element 60

functions in a manner similar to that of an I-beam in construction to maximize
axial displacement along optical axis OA-OA when compressive force is
applied to contact plates 38 and 41.

Stiffening element 60 is formed of a less flexible material than that of
IOL system 32. Suitable materials for stiffening element 60 include but are
not limited to polymethyl methacrylate, polyimides, polyolefins, high-density
polyethylenes, polyesters, nylons, metals or any biocompatibie 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
in cases where a thinner haptic design is desired while still achieving the

desired stability and flexibility characteristics.
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may be used in conjunction with haptic elenents 40 and 43 descri bed above
I n cases where a thinner haptic design is desired while still achieving the

desired s [ and flexibility characteristics. 17 WD
%‘8@{?466& 0#1%9@729342

PCT/ USOO
system 32
mat eri al s,
pol ymers,

itable materials for the production of the subject
I nclude but are not limted to fol dable or conpressible
such as silicone polyners, hydrocarbon and fl uorocarbon
hydrogel s, soft acrylic polynmers, polyesters, polyam des,

pol yur et hane, silicone polyners wth hydrophilic nononmer units,

pr et orred mat or | SR 0E e R Bt A R DT A Breceni |

i nvention

IS

| OL

o hy dr oy el At PR PR p SRR G e R Bl ety

Pol y( HEMA- co- HOHEXMR) is t he Eﬁrr ferred material for thﬁyrranuf actuyre of

32 due to

wei ght, and high refractive index of

i siicnupPlymersh Yo earoes Andriuasecarhgp RO MakSe

drogela SEEnt by
approximately 1.474, which is greater

| OL

t han that o#cnyhepalyoessspolyesiersfpolyamidegepolyurethane, 3§Eona polyhersef r act i ve
index is a desirable feature in the production of IOLs to inpart high
opti cal powgithWytitophilio monomediunits! florindcoitaintsy pllysiliang elastehwrsal wi t h

a high refractive index, visual acuity deficiencies nmay be corrected using

a t hi nner

| Shd cBﬁJbYr(dT%%ﬁ@reoHGﬂﬁngén%damgﬁeﬂdl fdt tRe RO QRN dfoLhe

production of IOL system 32 due t

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-co-HOHEXMA) is the preferred
material for the manufacture of IOL 32 due to its equilibrium water content of
approximately 18 percent by weight, and high refractive index of
approximately 1.474, which is greater than that of the aqueous humor of the
eye, i.e., 1.336. 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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Its mechanical strength, which is suitable to wthstand considerabl e
physi cal mani pul ati on. Pol y( HEMA- co- HOHEXMA) al so has desirabl e nenory

properti ' le for IOL use. I OLs manufactured from a |/ f3haz
possessi &é"@‘?&'ﬁemy properties such as those of pol y(%ﬁx@?gd/%g WO

01/ 34067 PCT/ USOQ 29342 HOHEXMA) unfold in a nore controlled manner in an
eye, rather than explosively, to its predeterm ned shape. The uni que

design of the subject I1CL system 32 with haptic elenents 40 and 43
manuf actured froma material having good nenory properties al so provides

| nproved c i |~} | ' t hn eye 10.
@m%nﬁ@ %.fenﬁ |P£a)s Hre lc8hfeletPRANNBE B 4k @0e! RER&OhHahN ey

Expl osi ve u I's undesirable due to potential danmage to
delicate tissyes w thin t HEfAAé‘ -
di nensi onalexgtégﬁﬁ\‘\ff’t@ 'tlerp r?ﬁ%tegri\&ef%e?b%h S @ﬁ'&p?a{ﬁéw %\I%%gsu"&iéqthe
teachings of the present, invention aye, preferabl ppli to soft or
fol dabl e | 8@5 W§F¥@d§£1"”tg hap '8&5?'@38{5 ‘E‘gﬁﬂﬁj gésmﬁtv'%f%ﬁﬁ{%ﬁ??@m 8 he sane may
al so be applied to harder, less flexible | enses forned of a relatively
ri gid mat emhaterisbiayviag gpedynemany ppesias alse @roviemimpyYed gonfrokef bl e
haptics fornmed either of the same or a different material. Positive optic
portion 34 habtit Gnfelgingarpainsariobehargodin eye ¢0pokaipéabivd enfolding of
approxi mately +20 diopter or greater but preferably approximately +20 to
+60 di opt enogggs NRYairatTe ARkt poBsritia BamAgeftolddlicatetiseied vitham the a

eye. Poly(HEMA-co-HOHEXMA) also has dimensional stability in the eye,

which is desirable.

Although the teachings of the present invention are preferably applied

to soft or foldable IOLs 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 polymethylmethacrylate (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 system 32 can be a

negative powered lens of approximately —10 diopter or less but preferably —

10 to —50 diopter. Optic portions 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
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negati ve powered | ens of approximately -10 diopter or |less but preferably -
10 to -50 diopter. Optic portions 34 and 37 nay be a conbination of

bi convex, wBisdfsFONvex, piano-concave, biconcave, concave 5%&%)
(nenlscugy or a diffractive-type lens elenent of any shape, depen |ng upon
the power required to achieve the appropriate accommodative effects for 19
WO 01/ 34067 PCT/ US00/ 29342 nmulti-distance visual imging and to achieve
appropriate central and peripheral thickness for efficient handling and
fit within the eye 10. Fromthe perspective of fit within eye 10 and

perfor ”anc‘?nulf?fo“r‘ét%éé’l/%uﬂpfn'\ H&a'n@'%é a%ﬁnev#esad%f? ﬁ’a’&é ) g@&' negative |ens

35 i s piano-convex so the piano surface ive lens is in close
proximty S 5 rably,
posi tive' | é%g'bﬁéra‘?*fﬂQ@mvexfBﬁﬁﬁfwﬁJng%%“ﬁhgi‘?nbii‘?ﬁvéwin e TS FdhEE ano” 5o
t he piano surfac jve in close X|n1t t 0 the concave
Surfhco of PREyRGTYE of BRuithin Sye, 8 andarosivanse. BeieSbiorotitie lens et 1 oL
system 32 nay optlonally be formed with a glare reduction zone 56 of

appr oxi mat é gonvexsplapo andnegativelensidbds planbesaityey seipedtanmsergced. 3 to 0.6
mm and nost preferably 0.5 mmin wdth adjacent outer peripheral edge 36

and 39 for of edsitiveters 33 & invdlese proximitpés thenplanb sudigee 36 nagdtividlens | OL
system 32 is struck by light entering eyelO during high light or at other

tines when 3BuUBut me8t peefeidbhf, %sutw@llaﬁsesBeQééMéa@pVa%ean"aﬁnégattv)énéﬁ@I ly
fabricated of the same material as optic
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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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- QA 20 WD 01/34067 PCTIUSOQ 29342 Subject I OL system 32 naé or nmay not
be of a uNP%?4P6Uesi gn and may be nol ded or nost pref er abRF-TRMNERE? ured 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 inits
entirety by reference. If manufactured from di sks, positive and negative

| enses 33 and 35 respectively, are machined frommaterial disks in a

conventi onal ma I . ce chi.-ned or nol ded, sitive and negative | enses
33 and 35 nay bg]l"%é)%"?ti@ﬂeﬁ',s%ggﬂ@ay OF {maY 'P‘?ti&iggﬁémﬁam@‘ Bda
conventional nmethod known to those skilled in the art. Subject 10OL system
32 i s used M3y bgnalded pr cnesiprefigrally manufaeturedchby Heat peeducingidisksapsul e 24,
renoving natural lens 16, inserting negative lens 35 and positive lens 33
as a unit afpnilavwnaterial of chitioe daalelsgribed m U RatenfMos 25,2 17|49 avgd t he
incision. Preferably, |lenses 35 and 33 are inserted into capsule 24

i ndi vi dual 15y326)506 | eaeh ipEopprated Heram ih MsErBeys) idehge. ifci sion  si ze.
Al ternatively, the subject 10L system 32 nay bé used in eye 10 by creating

s oo’ PATBOURRE R QR AR nol SRRSO B 12 1 oo
respectively, are machined from material disks in a conventional manner.
Once machined or molded, positive and negative lenses 33 and 35 may be
polished, cleaned, sterilized and packaged by a conventional method known
to those skilled in the art.
Subject IOL system 32 is used in eye 10 by creating an incision in
cornea 12 and capsule 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 positive 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. 10L system 32

comprises two intraocular lens each having haptic elements 40 and 43 with
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anterior chanber 20 and closing the incision. 10OL system 32 of the present
i nvention provides for an accommodating |lens suitable for use in an

aphaki c CL system 32 conprises two intraocul ar RSy avi ng
hapt i c o YB B0 Ot o S ST U0 o1 Bag6r PCr Uson 205 ustRRAaY ty
characteristics that facilitate opposed axial displacenent of optic
portions 34 and 37 along optical axis OA-QA of eye 10 thereby enabling an
eye to achieve multi-distance visual inmaging without the aid of eyegl asses.
While there is shown and described herein certain specific enbodinents of

the presentiekibiiR{chafactéistits thataciieie fo\?ﬁ)ﬁé@ ak%‘?@l’sp%@e'rﬂ df BPH% he art

that various nodifications my be nade out departing from spirit
and scope Qf. & |y j i Ve d s not
i et o HoRot: Y G, ABab REBRR s ERRERRb AR b BreblEndRle R, oot ar
as indicated by the scope. of the. appended cl ains., 22 WO 01/ 34067
PCT/ US00/ 2&¥&J30 %'%eﬁﬁl-q'sgamea&%ﬁfmaamaﬁ@ﬂr@ theald alreyegiRssepst em t o be
inplanted within an eye generally perpendicular to the eye's optical axis
conprising: a fiWbile harerds paewpiand-dessifed hereinioegtain speific di opt er
positive

embodiments of the present invention, it will be manifest to those skilied 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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optic portion with two or nore haptic el enents permanently connected to
the first outer peripheral edge to forma positive lens, and a second

out er perj edge defining a | ower diopter negative pon with
el R sl

two or c elenents permanently connected to the second outer
peri pheral edge to forma negative | ens, whereby a conpressive force
sufficient to effect a 1.0 mmin dianeter conpression of said | ens system
or said positive lens results in approximately 1.0 nm of axi al
di spl acenent of said positive optic portion with respect to said negative
optic portlwg 1Gheng the eye's optical axis to enable an eye to achi eve
mul ti- dist ance vi'sual inmaging. 23 WO 01/ 34067 PCTIUSOO 29342 2. An
accomodating i ntraocul ar |ens syst emto be inplanted within an eye
general |y perpendicular to the eye's optical axis conprising: a first
out er peri pher aI edge defining a higher diopter positive optic portion
with two or noréel héptaqgomr@%aﬂrsg Iﬁgaﬁﬁﬁlaniqrgﬁ systrde bedmpantad Wl{)hr'%t out er
peri pheral edge to forma positive lens, and

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 effecta 1.0 mm in
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 multi-

distance visual imaging.
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a second outer peripheral edge defining a | ower diopter negative optic
portion with two or nore haptic elenents permanently connected to the
second out er })eri pheral edge to forma negative | ens, whereby a conpressive
force suf WOBAM67t o effect a 1.0 nmin dianeter conpressifGT/Bi092%4y | ens
systemor said positive lens results in approximately 1.5 mm of axi al
di spl acenent of said positive optic portion with respect to said negative
optic portion along the eye's optical axis to enable an eye to achi eve
mul ti- distance visual inmaging. 24 WO 01/ 34067 PCT/ US00/ 29342 3. An
accomodating intraocul ar lens systemto be inplanted within an eye
generally perpendicular to the eye's optical axis conprising: a first
outer peripheral edge defining a higher diopter positive optic portion
with two or noré- héptamomrmﬂﬁ%m iptragelHaniensy systemm te bedmplanted wWithirst  out er
peri pheral edge to forma positive lens, and a second outer peripheral
edge defining a | oaeeydigepeeally perpgendicelaopd the eye’s opticaliaxis t wo or nore
haptic el ements pernmanently connected to the second outer peripheral edge
to 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 mm in
diameter compression of said lens system or said positive lens
results in approximately 1.5 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.
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forma negative | ens, whereby a conpressive force sufficient to effect a
1.0 mMmin diameter conpression of said | ens systemor said positive |ens
results in approximtely 2.0 mm of axial displacenent of said ositive
optic porWPOH34¥Th respect to said negative optic portionPCIEHY2BHe eye' s
optical axis to enable an eye to achieve nulti- distance visual imaging. 4.
The intraocular lens systemof claiml1l, 2 or 3 wherein said negative optic
portion is fixed. 25 WD 01/34067 PCT/ US00/ 29342 5. The intraocular |ens
systemof claiml1, 2 or 3 wherein said negative optic portion is axially

di spl aced upon conRr ession. .6, The intraocular |lens systemof claim1, 2
or 3 wherein saicd AREFEPMIBOGAING inHaocagepssystara to badmprantedwithinml ant ed
in alens capsule of an eye. 7. The intraocular |ens systemof claiml1, 2
or 3 wherein sai d ameyatgenerallyrperpendicplante the eye’awpticalenii®r chanber of an
eye and said positive lens is inplanted in a |lens capsule of an eye. 8.
The intraocul ar | eqsmppisingm of claim 1, 2 or 3 wherein said haptic

el enents and said optic portions are forned of a fol dable or conpressible

material . 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 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.

25



9. The intraocular lens systemof claim1, 2 or 3 wherein said positive
and negative optic portions are formed fromthe sanme or differing

mat eri al swa @%?:d fromthe group consisting of silicone RRIVFRHS342
hydr ocar bon "an | uorocar bon pol yners, hydrogels, soft acryllc pol ymers,

pol yester, polyam des, pol yurethane, silicone polynmers wth hydrophilic
nmononmer units, fluorine-containing polysiloxane elastoners and

conbi nat i ons. t hey. ePhe rAfadOIAER SfitofiEY GSAPH 29848 wibeTigaitnt r accul ar

lens systemof claim1l, 2 or 3 wherein either one or both of said positive

i raocul ar 1 ons. sheRaneRPUIO B YRR RRIMIREROT . botn of

said positive and negative optic portions are forned from a hydrogel
material that is 18 percent by wei ght water. 12. The intraocul ar |ens
systemof claim]1 wherein either one or both of said positive and
negati ve optic &or?h%ﬁgra@celardemaystﬁ%%%mé HEOESWhefeEs@id) . 13. The

i ntraocular lens systemof claiml, 2 or 3 wherein either one or both of
said positive and negmtw'edenapnﬁcsairbpoi;itjmIensearfedrot’ednptanbed B0 atersy i al
having a refractive index above 1.336. 14. The intraocul ar | ens system of
claim1, 2 or 3 whedpsule 8fiad eyens

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

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 lens system of claim 1, 2 or 3 wherein said positive
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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systemis fornmed froman acrylic material. 15. The intraocul ar | ens system
of claiml1, 2 or 3 wherein said lens systemis fornmed froma silicone
material. 27 WD 01/34067 PCTI USOQ 29342 16. The intraocular | ens system of
claim1, YOIBYhherein said haptic elenents are fornmed WA ¥ensi on
in a plane generally perpendicular to the eye's optical axis to be greater
than or equal to a dinension in a plane generally parallel to the eye's
optical axis. 17. The intraocular lens systemof claiml, 2 or 3 wherein a
glare reduction zone is fornmed adjacent to the outer peri pheral edge of

ei ther one or bot aid itive and ativ orti ns 18. The
i ntraocul ar | ens d;;@?é’ﬂ{%‘?c'«@?@f?ﬂ? fVStfn'bPP%gmér glcﬁ 59%’ BOR% said
haptic el enments includes a stiffening el ement having. |ess re5|stance to
bending in a pl aneCfRaiEr¢fisaid BQ?'&V?@F‘dtr@Q@HV@Wt@ poamnsC%ne farnedt han in a
pl ane generally perpendicular to the eye's optical axis. 19. The
i ntraocul ar | ens sfromeanhyfiragehimaterial2 or 3 wherein one or nore of said
haptic el ements includes a stiffening element formed fromthe sanme or
differing materials selected fromthe group consisting of polynethyl
met hacryl ate, polyim de, polyolefin, high-

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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density polyester, nylon and netal. 28 WD 01/34067 PCT/ US00/ 29342 20. A
nmet hod of manufacturing the intraocular |lens systemof claiml1, 2 or 3

conpri si ng; rmng two disks fromthe sanme or different j
mat eri al s,&oé‘}éé'%ni ng a positive lens fromone di sk, and Sn%%ﬁmf?%qoﬁaué

negative lens fromthe other disk. 21. A nmethod of manufacturing the

I ntraocular lens systemof claim 1, 2 or 3 conprising: nolding a positive
|l ens of a suitable material, and nolding a negative |lens of a suitable
material. 22. A nethod of using the intraocular |lens systemof claim1,2 or

3 conprising - g efld GaRRula? fdrd QbteRA & AR $ 2 BPY WiRdIEin" 8RS Wapre! an
a ST over Pd

eye, renoving a natur I"ens eye, and ’inserting a I opt er
negative intraocul ar_lens and a hj r .diopter. posjtive intraocular |ens
"ro said lene. capBlame 8t M dinatBiT nF planegendhble o "as o
unitary device. 29 WO 01/34067 PCT/ USOQ 29342 23. A nethod of using the
i ntraocul ar | ens sPSiRaRdigulan tgithe eye'spptical axis to be greater than or equal

to a dimension in a plane 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
optical 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 elements includes a stiffening element formed
from the same or differing materials selected from the group
consisting of polymethyl methacrylate, polyimide, polyolefin, high-

density polyester, nylon and metal.
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conprising : creating an incision in a cornea and | ens capsule of an eye,
renmoving a natural lens of said eye, inserting a higher diopter positive

i nt raoculvgééd/g@g7 into said lens capsule of said eye, andpbqﬁ{%&iﬁgz a | owner
0

di opt er intraocular lens into an anterior chamnber sai d eye.

24. A nethod of using the intraocular |lens systemof claim1,2 or
conprising : creating an incision in a cornea and | ens capsule of an eye,
renoving a natural |lens of said eye, inserting a | ower diopter negative

i ntraocul ar lens, and inserting a higher diopter positive intraocular |ens

into said |ens %a%%é’ch% of MhR¥&uARG e RitrdoRuffiichd QREMBUMiRT Negative

i ntraocul ar | en

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.

22. A method of using the intraocular lens system of claim 1,2 or 3
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.
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23. A method of using the intraocular lens system of claim 1,2 or 3
comprising :
creating an incision in a cornea and lens capsule 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.

24. A method of using the intraocular lens system of claim 1,2 or 3
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, 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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