| NTRACCULAR LENS SYSTEM FI ELD OF THE | NVENTI ON The present invention
relates to an intraocular lens (1OL) systemand a nethod for nmaeking and
using the sane. Mre particularly, the present invention relates to an
accomodating | OL system designed for nmulti- distance visual imaging in
aphaki c eyes where a di seased natural |ens has been surgically renoved,
such as in the case of cataracts. BACKGROUND OF THE I NVENTION | CL i nplants
have been used for many years in aphakic eyes as replacenents for diseased
natural crystalline | enses that have been surgically renoved fromthe
eyes. Many different | OL designs have been devel oped 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 surroundi ngpgiR A f f ptic portion. The
haptic portions of an ICL a(rqe des%&?eL t&t%%%gcﬁﬁltglhe optic portion of the

ICL in the | ens capsule, anterior chanber or posterior '1WWIW - chanber of
~an eye. ~lI~~wvI1l Vill VIlI ~~I~ VIIl IH~~~ 21 1IrHHTIT TIHMILI 1]
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FIELD OF THE INVENTION

The present invention relates to an intraocular lens (10L) system and
a method for making and using the same. More patrticularly, 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 incIude 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
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chamber of an eye.




*000002* Commercial ly successful | COLs have been made froma variety of

bi oconpati ble materials, ranging fromnore rigid nmaterials such as

pol yrmet hyl met hacryl ate (PMVA) 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 fornmed separately from
the optic portion and | ater connected thereto through processes such 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 conmonly
referred to as "single-piece" 10.s. Softer, nore flexible | O.s have ‘gai ned
In popularity in nore recent years due to their ability to be conpressed,
folded, rolled or_otherwi se deforned. Such softer 10O.s nay be defornmed
prior to inserti SrPPAEESHY SURPRIRIH IS hrveshern madeionoa vedetfofan eye.
Following insertion of the IOL in an eye, the IOL returns to its original
pr e- def or nedictapratihie matetibls, renging frovhaiaetriyid shatesiakfsudheasof t materi al .
Softer, nore flexible 10.s as just described may be inplanted into an eye

through an lp@cyrﬁemmrﬁ@mtacmat@qﬁmmm %@ﬁer Im@re ﬂé(iéletrﬂfl?erélm dflanyst hat

necessary for nmore rigid I'QOs, i.e ar ger |nC|5|on IS
et st on i nCERD oA 8 Q?'?"é’ﬁ?ﬁ%%fﬁ}@i# ?ﬂa% ee%‘h e AECUESSH ] Fe i i 1 oxi bi o
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the optic portion and later connected thereto through processes such as

heat, physical staking and/or chemical bonding. Haptics have also been

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

to as “single-piece” IOLs.

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 10L in

an eye, the I0L 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 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

t0 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



have become | ess popular in the nmarket since larger incisions have been 2
found to be associated with an increased incidence of postoperative
conplications, such as induced astigmatism After 1OL inplantation, both
softer and nore rigid 1OLs are subject to conpressive forces exerted on
the outer edges thereof fromnatural brain- induced contraction and

rel axation of the 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. Mdst comrercially successful 10L
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

si ngl e focusolrfd® begssociatdtewitbani ingrazfsegll insslenceof poatoperstive f ocus of
the eye. A few fixed bifocal IO.s have been introduced to the comercial

mar ket but %HHp%afié@é‘,‘éd&ﬁéﬂﬁ@@%é@%@ﬂgﬂdﬂi@heacr\ bi focal inmage represents
only about forty percent of the available light thus | essening visual

acuity. Because of the noted shortcom ngs of current 1OL designs, there is
a need for accommpdating | OLs designed to provide inproved visual inmaging
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compressive forces exerted on the outer edges thereof from natural brain-
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 aphékic eyes have single focus optic
portions that are fixed and focus the eye at only a certain fixed distance.
Such fixed single focus 10Ls 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 [OL designs, there is a
need for accommodating I0Ls designed to provide improved visual imaging

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



An accomodating intraocular lens (1OL) system made in accordance with the
present invention has a positive intraocular lens used in conjunction wth
a negative intraocular |ens. The positive intraocular |ens has a "higher',
di opter, preferably approximately +20 diopter or greater, such as but not
limted to +20 to +60 diopter, positive optic portion wth an outer

peri pheral edge and two or nore but preferably two, three or four haptic
el enents for supporting the optic portion in a patient's eye. The negative
intraocular lens has a "lower" diopter, preferably approximtely -10

di opter or less, such as but not limted to -10 to -50 diopter, negative
optic portiaon also havin outer peripheral edge and preferably the

same, but oﬁUMMﬁﬁz\ﬂ GF di EaEWENTlﬁu er of haptics fromthat of the

positive optic portion. Positive and negative intraocular |enses each
havi ng two hapt i Aredesmoodatiagbetraoaddr lensr(IGL pbystemymaidehn mcaardareet o
m nimze decentration by having a haptic elenent integrally formed with or

subsequent | witatthagiredehioinleatioP pas edbosiegs tefoceithend ut&eE it BONRAELIGN
portions. Positive and negative intraocular |enses each having three

haptic el egﬁnt@;a ﬂégaﬁ@é HERfEUS 18581 §18 iRl iint(r&oc@l%?jléﬁs”ri\% éeh}gher"

decentrati Ing a set of two haptic elenents Integra ormed with

or subsequently attach t 0 one edge each of the opti rtiops and a
Chird nant: Sonterars RS o ARt i gt baieh o8 B h8lhed 't o an
opposite edge_of each of the optic portions. Positive and negative |enses
each havi nglimifgd tRaAQ o EPR signter, Rosityg) epticaRPTiign y¢H) @y euter peripheral

edge and two or more but preferably two, three or four haptic elements for
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 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 elemeﬁts are balanced
for stability within an eye to minimize decentration by having a haptic
element integrally formed with or subsequently attached to two oppo-sed
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 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



4 stability and mnim ze decentration by each optic portion having a set of
two haptic elenents integrally fornmed with or subsequently attached to one
edge of the optic and a set of two haptic elenents integrally formed with
or subsequently attached to an opposite edge of the optic. Each haptic

el ement has an attachment portion that permanently connects the haptic

el enrent to the outer peripheral edge of an optic portion. If the haptic
elenent is of a | ooped design, the haptic el enent has generally two
attachnment 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  natabilily @andnminimize decentratiopopy aels oplic pertiarhbavinga setiof twoch a
case, one of the three attachnent portions is conmmon to each of the two

| ooped hapt haptielefaments integrally foetnedbaitth ohspbsequdritiyesttachedt thesnedédge | oop
design or not includes a flexible central portion |ocated between the

att achment Bpiiid Gtic 8RA Ps AT 66 haphig!emBhs FRUARY AMPWiR dfest gned o

engage an inner surface of a patient's eye. The e central portions
t hat extend_bet ween ., § ont.act pl ate nd. t attach t portions allow

the optic p'BPS?%%%e'H*y Qﬁ%ﬁ}?dttﬁean g%@cﬁﬁ'f%,gd%%8Pﬁ'@g%9§l%e€$€|ﬁ§§§{"f0 nove or to
adjust to pressures exerted on the positive and negative |enses within the
eye. Additi 8iemeRt has,ap gttachmesd pertion hat peepapantyeernests the fartiqapt i ¢

el enment is designed to
element to the outer peripheral edge of an optic portion. If the haptic

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 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



have l'ess resistance to bending in a plane generally parallel to the
optical 5 axis of an eye than in a plane generally perpendicular to the
optical axis of an eye. By providing haptic elements with this type of
flexibility characteristic, the present accommodating | OL system achi eves
axi al displacenment of the positive optic portion with regard to the
negative optic portion along the optical axis of the eye when conpressive
forces are exerted against the accommopdating | OL system Al so, by
conbining a higher diopter positive optic portion with that of a | ower

di opter negative optic portion, an additive effect is achieved whereby
even slight nmovenent or axial displacenent of the higher diopter positive
optic porti @xiswtan eygdnan inahene penerallyingspendicelgaio diee optical gxés of on
achieves a significantly large increase in accomobdative effect and

i nproved nuldri eyd.sBaprevidirguiadpticrelghfentyititnothis typeeofdiekitsifityeyegl asses.
Accordingly, it is an object of the present invention to provide

accommdat | kAN RE ph&fht ebRTfiodRing TR SYsRANGENEEY Big) ANO! hET

obj ect of the present invention Is to provi'de actommodating | ntraocul ar

| ens systenms,.fQr _use jn haki.c eyes ich achi ev i al i spl acenment of
t he hi gher cﬂ'?fﬁ?%‘?mgm ?fctﬁgofqgltbvr? éﬁﬁ%ﬁﬁ'&grvﬁ' 689§{§S*P36Er"egaﬂ}5%geﬁcopti c
portion along the optical axis of the eyes. Another object of the present

i nvention | PHPHalNgthe cpticahava4fithe eye when compressive forces are

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
disptacement 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 providé
accommodating intraocular lens systems for use in aphakic eyes.

Another object of the present invention is to provide acéommodating
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.



effect's of the intraocular |lens systemw th even m ninmal optic axial

di spl acenent. 6 Anot her object of the present invention is to provide
accomodating intraocular |ens systens for use in aphakic eyes, which

m ni m ze damage to tissues in the interior of the eyes. Still another

obj ect of the present invention is to provide accomodating intraocul ar

| ens systens, which are resistant to decentration wthin the eyes. These
and ot her objectives and advantages of the present invention, sone of
which are specifically described and others that are not, wll becone
apparent fromthe detailed description, drawings and clainms that follow,
wherein like features are designated by |ike nunerals. BRI EF DESCRI PTI ON

muran eye. P oURECY T Ot & AERER il SRR IR ocbRbRAAG 1 2

human eye; VireWw of  ‘an_accommo
each optic portion having three haptic de in ccordance th th
or ysgiin@nbekiy e

present i nirgfRacHar len ems orasg;ji {v BFes ndictomiBipize fagags fgﬁ’ur e 2;
FIGURE 4 is a cross sectional view of the IOL system of Figure 2
tissues in the interior of the eyes.
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 OL system of Figure 2;

FIGURE 4 is a cross sectional view of the 0L system of Figure 2

taken along line 4-4;



taken along line 4-4; 7 FIGURE 5 is a side view of the haptic el enents of
Figure 3 with sharper edges; FIGURE 6 is a side view of the haptic

el enents 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 accommpdating | OL systemw th each optic portion
havi ng four haptics nmade in accordance with the present invention; FlIGJRE
9 is aside viewof the 10OL systemof Figure 8, FIGJRE 10 is a plan view of
an accommodating I OL systemwith 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 DESCRI PTI ON OF THE | NVENTI ON Fi gure
1l illustrates a sinplified diagramof an eye 10 showi ng | andmark
structures rel evafﬁhrCT?lﬂBEt%cﬁ aﬁm@awemwfdhedfamla dlameatcof BigureBswitti t he
present invention. Eye 10 includes an optically clear cornea 12 and an iris
14. A nat ur adharpgsédgés;ne lens 16 and a retina 18 are |ocated behind the
iris

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 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 I0OL 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 0L 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 iens 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



14 of 'eye 10. Eye 10 al so includes anterior chanber 20 located in front of
8 iris 14 and a posterior chanber 22 | ocated between iris 14 and natural

| ens 16. Accommodating | OL systens of the present invention are preferably
implanted in |lens capsule 24 after the renoval of diseased natural |ens 16.
Eye 10 al so includes an optical axis OA-OA that is an inmaginary |ine that
passes through the optical center 26 of anterior surface 28 and posterior
surface 30 of natural lens 16. Optical axis OA-OA in the human eye 10 is
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

i dentified . . Ses a
posi 1 ve | g Gani podiefis] Eiaber 2515 Req BEnwecirt B4 S IRGRIRISTE
peri pher al ge 36 and, a negative lens, 35 having a lower diqgpter optic
bortPon 37 $pe Rezamanodatng B9 sysfms BEisE rrgoenCivEgtdn resbtterabbe Bned f or
i npl antation preferably in |ens capsule 24 of a patient's eye 10.

Al t er nat i veingplaptes inileas capsulePhaitepthe gimaved of diseased m@i/éenzzn fand
negative |l ens 35 may be manufactured as a standard anterior chanber

i ntraocul ar Eyen® alec dlides antoptisabads@yOA thathis aasnidyiargiliselthaged in U. S

Pat ent No. 5,300; 117, incorporated herein in its entirety by reference,

and posi ti oggese fhbigRHEhpital entdress éPantbhi8Pshifce 28 and posterior
surface 30 of natural lens 16. Optical axis OA-OA in the human eye 10 is
generally perpendicular to a portion of cornea 12, natural iens 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 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.,



system 32 is positioned within | ens capsule 24 of eye 10, positive lens 33
is preferably positioned anterior to negative lens 35 and anteriorly
vaulted, i.e., 9 vaulted toward iris 14, and negative |ens 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 nm neasuring fr.om
the plane of outer peripheral edges 36 and 39 of optic portions 34 and 37
respectively to the plane of haptic contact plates 38 and 41 respectively,
described in detail below, is generally suitable. Preferably integrally
formed on peripheral edges 36 and 39 of 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 respectively, each having an edge portion 42 and 45
respect i vel yaultgghtowarg) iggdd: and megativa tenwd pesitianespgsterierigrraditve or med
wi th and permanently connected to outer peripheral edges 36 and 39 of
optic porti &ans FandpaBeryiyatautedneat, vapteditowardidetindl 1&r patdunedfy however,
haptic el ements 40 and 43 nay be attached to optic portions 34 and 37 by

staki ng, chepbesimaly T8y iZ20i M AleastiRg frofthe S 8Meuier pkh killed
in the art. Each hapth el ement 40 and 33 al so ;E%:I udes a Bréog@%r?zd

curt aces. 500 AT S b 8PGL PLHRrY, SE3NE" G TochBeit 10 PR VIBRETES 36 ana
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generally suitable. Preferably integrally formed on peripheral edges 36 and
39 of optic portions 34 and 37 are two or more but preferably two, three of
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 howevér, 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 ha\)ing a trough 70 and contact plate 38 having a

ridge 72 to achieve preferably nonpermanent, but alternatively permanent,

10



limted to, contact plate 41 having a trough 70 and contact plate 38 having
a ridge 72 to achieve preferably nonpermanent, but alternatively
permanent, 10 interlocking 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 nonpermanent, but alternatively permanent, interlocking with
edge 42 of contact plate 38 of positive lens 33 (Figure 3). As another
alternative, best illustrated in Figure 8, contact plates 38 and 41 of
positive lens 33 and negative |lens 35 may be positioned so as to avoid

di rect contact upon placenent within | ens capsule 24. I n accordance - with
the present invention, haptic elenents 40 and 43 are designed so that when

| OL system %ﬂ@cl&iﬁ%bﬁﬁé@idvé ferd183 bABSARTEIEnL45 (Plgufe R3Y (B S eye 10
and held in place through conpressive forces exerted™ by inner surfaces 50

apt i ¢ of enerEooae % Frds ST ETRELE (1 afbva breftBIBET 4ot
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portions 34 and 37 of 1OL system 32 and generally parallel to that of
optical ax¢entapt mateB8&feosiiveraps B8 (Eigured)s Amanatbensltemativeobasti eve
di spl acenent of lens 33 with respect to Il ens 35. Wien I OL system 32 is
i mpl ant ed willusrateldan Figanes8l| eori24ct plates Ibamdy hef gosited leherd3oandnl y | ens 33
negative lens 35 may be positioned so as to avoid direct contact upon
placemént 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
portion_s 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

1"



is axi‘ally displaced to achieve nulti-distance visual imaging. However, it
is preferable to maximze accommdative effects through opposed axi al

di spl acenent of both Ienses 33 and 35. By using a higher diopter lens 33 11
and designing this type of flexibility characteristic into haptic elenents
40 and 43, | OL system 32 achi eves maxi mum acconmodative effect to allow an
eye to achieve multi-distance visual inmaging without the aid of eyeglasses.
The flexibility characteristic and vaulting of haptic el ements 40 and 43
enabl es axi al displacenment of optic portions 34 and 37 in opposite
directions along optical axis OA-OA of eye 10. Conpressive forces of
differing nmagnitudes within the range of approximately 0.1 to 5 nN exerted

agai nst co nlates. n 1.0f haptic elements 40 and 43 to effect

agpr oxi nat € y@gésgbg}gaﬁé%p% MqW'gﬁya‘ﬁ%r@?teEB%Fﬁ%z‘?Bac@ﬂem@]tss%t em 3|2,
h as that caused by natural brain-induced forces within eye 10, results

isgc appr oxi %Gf égyK?LL. ég'/#ﬁm 82 ACHIGHASIDABIMIED apspovaddatiieeffettdplalioanamt of

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

conmbi ni ng eeYs Phachieve pudii-diriance visuapimagingvitrmutthé hid bbéyajlagsdsover

di opter negative optic portion, an additive effect is achieved whereby

even sl i ghtThemeabhif cloaradxdrivticEirRPlANENE Bf hapti¢ BRreg8efo dh@rter positive
optic portion wth regard to the | ower diopter negative optic portion

irrens) lr“O'\[/Zdi N éhatfiés RXAPAISH\ A& of PR IHIGhE 38 Birld B AREGPPRIR bikscikisect and
along optical axis OA-OA of eye 10. Compressive forces of differing
magnitudes within the range of approximately 0.1 to 5 mN exerted against
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 portioh
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 fo use a +50 diopter positive intraocular lens in conjunction with a

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

achieves at least double the accommodative effect achieved using a single
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mul ti-di stance visual imaging without the aid of eyegl asses. For exanple,
If one were to use a +50 diopter positive intraocular lens in conjunction
with a -30 diopter negative intraocular |ens for a conmbi ned +20 di opter
effect, one achieves at |east double the acconmodative effect achieved
using a single 12 +20 diopter positive intraocular |ens. By adding axi al

di spl acenent of the higher diopter positive lens with respect to the | ower
di opter negative lens, the accomopdative effects of the 1OL system 32 are
even greater. The 1OL system 32 of the present invention with its
maxi m zed accommodative effects through the axial displacenment of optic
portion 34 with respect to optic portion 37 enables an eye to achieve

mul ti-di st anz@ didpteapositivgimgoculeneconByesdding akixl displadcemenpdfithd to eye
10 without the use of eyeglasses. The flexibility characteristic of haptic

el ement s 40@rdr dbpr hCliveHb I RspeciRsfid AL AUIAEr hegaGk RRd t Ir ough

the uni que désign 'thereof. As best illustrated in Figu system 32

o e PR R0k L e RS SR il
[ d f . I J 34 and 37 ctively.
EATANE R R L

flexibility to the IOs of the present invention. Flexible central
portions 62effeats throgighdheiaxial dispiacemenbofeptic 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"0f 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. Flexibie central portions 62 are
essential in imparting the necessary flexibility to the |OLs 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 Fig.ures 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
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generdlly parallel to optical axis OA-OA, as depicted in Figures 3, 9 and
11, less than or equal to but nost preferably I ess than the sane 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 snoother fit with

i nner surfaces 50, or 13 nore defined, sharper edges 54 as depicted in
Figure 7 to provide a barrier to prevent cellular mgration and growh
upon inplantation in lens capsule 24. The subject ICOL system 32 is
preferably manufactured to have optic portions 34 and 37 approximately 4.5
to 9.0 mm but preferably approximately 5.0 to 6.0 mm and nost preferably
appr oxi matellé 5.5 }o ) mmin diameter and approximately 0.15 mmto 1.0
mm but preff8P%b 9'“%@ Paedss ot @stdpnictedrimPagirendts provisieea diainyer
approximately 0.7 mmin thickness at peripheral edge 36. Haptic el enents
40 and 43 exodidvéntgallutaranigsaiian pod growth GgoamdpRintatespiedeny ebysat | OL
system 32 in a generally rounded or oval configuration and will increase
or decrease 24 overall length depending upon the size of I10OL system 32
desired and the dianeter of optic portions 34 and 37. As the dianeter of

oo 0t TSRO SIEERESTS B ASOR RIS, e,

portions 34 paor?f%ﬁ)é 32?7and 37 approximately 4.5 to 9.0 mm, but preferably
approximately 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 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 length 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
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decreases, 'the overall length of haptic el enents 40 and/or 43 may be

i ncreased. However, as customary, the overall |length of the haptic

el enents 40 and 43 are varied to achieve desired I OL system 32 sizes

rat her than varying the sizes of optic portions 34 and/or 37. In general,

| 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 to 5.0 mMmm and nost preferably approximately 4.2 mmin | ength neasuring
froma point of equal distance between conmon attachnent portions 44 on
peri pheral edges 36 and 39, to the center of contact plates 38 and 41
respectively. Looped haptic elenents 40 and 43 preferably have a generally

rounded or V&b rﬁﬁﬂéh@lUrﬁ@étiméfeaéblwdgpﬁbkiﬁ‘taiélyittmEh@ﬂh&éncjiﬂ edsdAngo al | ow
axi al deflection under conpressive forces. Non-looped haptic elenments 40

26 o 6.0 [N HEErEeL pAuE PR HARCER o AR b ARG e T oY

2.6 to 6.0 t preferably approxi mat

pref erably appr.oxi el L2 i.n,l engt asuri from.the, m ddl e of
at t achnent %ﬁQW%ﬂFS&g%Sééﬁdﬁﬁglth%& QEer CQHEF‘%S{'“FB@{B@“%?& er of
contact plates 38 and 41 resgect,i vel y. Non-|ooped haptic elenments 40 and

43 pref er apiegpaaively derriad harticelsmants 40 48 sriefeiab!¥thayg &s il lustrated
in Figures 8 and 9 to provide a suitable stable fit within | ens capsule 24

whil e al | ogémeralixraindsd beovalmonfiguesaticcoapillestratas indrigeres Fdangduripdses of

the 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 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
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present invention, the generally rounded or oval shape of |ooped and non-

| ooped haptic elenents 40 and 43, i.e., the beam curve shape, relative to
the wdth to thickness ratio, i.e., the aspect ratio, of haptic elenents
40 and 43 as described hereinis critical to achieve suitable function.

Fl exi bl e central portion 62 of haptic elenents 40 and 43 is approxi mately
0.5to 2.5 mMmm but preferably approximately 1.0 to 2.0 mm and nost
preferably approximately 15 1.6 mmin |length; approxinmately 0.2 to 1.0 mm
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
mm but preferably approximately 0.3 to 0.6 and nost preferably

approxi mately 0.43 in thickness in_plane 46-46. Contact plates 38 and
41 are appr &8 FER & [;Tr{@.ﬂﬁ gRproxigaigly Barto Omat it prefepably anpiesmatelyo t o
2.2 mm and nost preferably approximately 1.8 mmin |ength, approximtely
0.05 to 0. 50mhio Butmpr ané mast prefepablyiapprexignadely G.46 nomdnwidtnioh prese
preferably approximately 0.3 nmin thickness and approximately 0.6 to 1.5

nm  but pre#tgradhiyd appraxiinardlg0)2 fb 6.7 mind,. Butprefeaatsly mMpproRineiteryabB o
approximately 1.0 mmin wdth. As provided through the dinensions of |ICL

PIELET 22 B SRy S SRR P Ao A

relatively thick in plane 48- and 4

att achent BOrtAQMaiEd B OR) e BAHANANTeD S0 2% mnk! Bt drefirbblye central
approximately 1.0 to 2.2 mm and most preferably approximately 1.8 mm in
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 I0L 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 I0L system 32 is used as a refractive lens, stablé, reliable

multi-distance visual imaging is provided.
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thi nnér di mension in plane 46-46 than that of the width in plane 48-48.
Looped haptic el enents 40 and 43 of the subject IOL system 32 tend to
resist deflection into closer proximty with outer peripheral edges 36 and
39 respectively when a conpression force is exerted agai nst contact plates
38 and 41 to maxim ze axial displacenment along optical axis OA-QA \Wen
accommodating I OL system 32 is used as a refractive lens, stable, reliable
mul ti-di stance visual imaging is provided. 16 The desired flexibility
characteristic of haptic elenments 40 and 43 of |10OL system 32 may |ikew 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 illustrat L 0. El - | f.fenqing el t W& d i
naptic el enent slﬁﬁe UiFerHESoftn, PhotacoNshe o EleR ol Ohenfio gpaReRdf T OnEC,'
in a plane rallel to that of ane 48-48 so as t . thi ially i

pl ane par aI'E)iIS)‘LSBeWr?a?t "@fya'Bﬂeé{‘Hﬁgg’S-azF@.'eV@Pi‘?rf%nn%e& gﬁge errg?fa%ﬁlﬁ%ct%/ohg ?n
a manner simlar to that of an I-beamin construction to naximze axial

di spl acenestiffehingeelepteint 80, ixthe siepgroimside oy d8isi DA iR NEHT MY i ed to

contact plates 38 and 41. Stiffening element 60 is formed of a less
f1 exi bl e miapticallembats 40andof3, dsllustysted im FigursB. tSifffenimgp elementHd or

stiffening el enent 60 include but are not limted to pol ynethyl

met hacryl atgay BelpdsiidHee intAptR] @bhidnts B0 HddeNEbtat wide or broad flat
face 62 is oriented in a plane parallel to that of plane 48-48 so as to be thin
axially in a plane paréllel 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 disptacement along optical axis OA-OA when compressive forcé 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 biocompatible material with
suitable stiffening charactéristics. 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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pol yet' hyl enes, polyesters, nylons, metals or any bioconpatible material
wth suitable stiffening characteristics. Stiffening el enent 60 may be
fabricated using one or nore |ayers of a nmesh, screen, webbing and/or
sheet to inpart the desired flexibility characteristics described herein.
Stiffening elenment 60 may be used in conjunction with haptic el enments 40
and 43 descri bed above in cases where a thinner haptic design is desired
while still achieving the desired stability and flexibility
characteristics. 17 Suitable materials for the production of the subject

| OL system 32 include but are not limted to fol dable or conpressible
materials, such as silicone polyners, hydrocarbon and fl uorocarbon

DY ann " 99 Staio batcASYbF heHaRfign of Mo SILELAIOPSL AN 455

polyurethane silTcone p YIers rophlllc

fl cont storrers and nbi nat.i ons thereof. The
prgg)tralrpgd mﬁ‘?‘gi‘& b%g%,:eﬁﬂtllua)ﬁ ?ﬁfq@%blgfoch_mp@g I eﬁ‘l?stﬁ'éc thagsent

invention is_a hydrogel made from 2-hydroxyethyl methacrylate (HEMA) and
6- hydr oxyhejlicopgtRedvngratydiemresmand flucsocarbesl nalyBrrs, dydHEEsMY
Pol y( HEMA- co- HOHEXMR) is the preferred material for the manufacture of 1C0OL

32 due to i teerdigupdlyimers;malgesterse polyantides, palporethamatstliconbSgligieest by
wei ght, and high refractive index of approximtely 1.474, which is greater

than that ofwitHgydepamemENGREr Qﬁlt§ Wﬁlorﬁhéecoﬁtaﬁﬂng pol¥3foxahebigBidRbfact i ve

index is a desirable feature in
and combinations thereof. The preferred material for the production of IOL
system 32 of the present invention is a hydrogel made from 2-hydroxyethyl
methacrylate (HEMA) and 6-hydroxyhexyl methacrytate (HOHEXMA), i.e.,
poly(HEMA-co-HOHEXMA). Poly(HEMA-@-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 IOLs to impart high optical power with a minimum of optic
thickness. By using a material with a high refractive index, visual acuity
deficiencies may be corrected using a thinner 10L. 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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production’of 1CLs to inpart high optical power with a m ni mum of optic
thi ckness. By using a material with a high refractive index, visual acuity
deficiencies may be corrected using a thinner |OL. Pol y( HEMA- co- HOHEXMA)
is a desirable material in the production of 1OL system 32 due to its
mechani cal strength, which is suitable to withstand consi derabl e physi cal
mani pul ati on. Pol y( HEMA- co- HOHEXMA) al so has desirable nmenory properties
suitable for 10OL use. |1 OLs nanufactured froma nmaterial possessing good
menory properties such as those of pol y(HEMA-co 18 HOHEXMA) unfold in a
nore controlled manner in an eye, rather than explosively, toits
predeterm ned shape. The unique design of the subject [|OL system32 with

haptic el eneOHEXNAITGIZ inanmbes tunedlidd nanmer imberreyal rdtaer tiargood nenory
properties al so provides inproved control of haptic unfolding upon

| nsertion t&s@dlsgbggnt&bf@ HHetERIneel st wfﬁhéiurimu@fdeé@afu% simsiesi r abl e

due to potentia mage odelcatetlssues within the

Pol y ( HEMA- VA t whi ch
des! rabl c. 1Rl PTG Brav B SaRT e LPERRL %%Péé%%%h%gh@%ﬁﬁ%@éemef crably”
applied to soft or foldable |Os fornmed of afogabeor co sIS|bIe
mat eri al , tmater%mvmgw%m%%{pwop@&'%a R PfRYides kaprvecke Pnses

formed of a relativel y rigid material such as polelmat hyl met hacryl ate
(PMVR) havi imaptic unfolding upon insertion thereof in eye 10 xplosive unfolding of

IOLs is undesirable due to potential damage to delicate tissues within the
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 |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 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 32canbea
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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flexi bl e haptics fornmed either of the sane or a different material.
Positive optic portion 34 of 1OL system 32 can be a positive powered |ens
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
negati ve powered | ens of approximately -10 diopter or less but preferably -
10 to -50 diopter. Optic portions 34- and 37 nmay- be a conbi nati on of

bi convex, piano-convex, piano-concave, biconcave, concave-convex

(rmeniscus) or a diffractive-type | ens el enment of any shape, dependi ng upon
the power required to achieve the appropriate accommodative effects for 19
mul ti-di stance visual imaging and to achi eve appropriate central and

peri pheral ﬁmit%i@%ef\%U;ﬁfima?irg@énnggﬁh@e%r%ﬁaf@ EdHePythg eve 10. From

the perspective of fit wthi per nce, prererably positive
lens 33 is vex-bi an negatiye l.ens 33 is piano-convex so the piano
surface of p%rgéhq??btﬁlqigﬁgg%gr ?@g‘eﬁ"t ﬁ‘PBg %?Baifjﬁtd“f@"f § A¥e 65ar%°§h¢‘leace of
negative lens 35, but nost preferably, positive lens 33 is convex-piano
and negat i vierseagtivessf fitwithin @yesl(hand pesiormaacei preferably positive lenss33 i ve
lens 33 is in close proximty to the concave surface of negative |lens 35.
Opti c portiisreongex-plah@andneghtive ld)sed id fhney=ireex3d theyplapdisarfatéy be
formed with a glare reduction zone 56 of approximately 0.25 to 2.00 nm but
mor e pr ef ersitpasithenensi3BEE eh LidkeSproRinfitPtdMReAREnB Rt aRE Ui HedRtivVe foris

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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mmin 'w dt’h adj acent outer peripheral edge 36 and 39 for reducing glare
when outer peripheral edge 36 and 39 of IOL system 32 is struck by |ight
entering eyel 0 during high Iight or at other tines when pupil 58 is
dilated. dare reduction zone 56 is typically fabricated of the sane
material as optic portions 34 and 37, but nmay be opaque, colored or
patterned in a conventional manner to block or diffuse light in plane with
optical axis OA- QA. 20 Subject ICOL system 32 may or may not be of a
unitary design and nay be nol ded or nost preferably manufactured by first
produci ng 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

r ef er ence. fa t ed fro i sks ositive agnd n a ve | enses 33 and
35 respectlveI"?LH) ﬁ%@rgfmyn%& ?V&P%?éﬁ@ Pﬂ'%y #M8nal
manner. Once nachi ned or rml ded, gom tive and negative |lenses 33 and 35
my be poMmahbe Meifedesdmosiriefara dnanefagtire duofisy peodsisingediskenal et hod

known to those skilled in the art. Subject 10OL system32 is used in eye 10
by cr eat i nfroamaimaiesiabaf choice @srdasctipedrinl Lt SpPatentMos.repvvd8d arat ural | ens
16, inserting negative lens 35 and positive lens 33 as a unitary device or

ggd;\éhdggl ;Sﬁzallﬁg%fﬁ%ur:nﬁto(?)ﬁbrawh@ﬂﬁlmlﬂs ERrety By sefitendy effer abl y, | | enses
manufactured from disks, positive and negative ienses 33 and 35
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. 0L system 32

comprises two intraocular lens each having haptic elements 40 and 43 with
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capsule 24 'individually to allow for easier lens folding and smaller
incision size. Alternatively, the subject I0OL system 32 may be used in eye
10 by <creating an incision in cornea 12 and capsul e 24, renovi ng natural
lens 16, inserting positive lens 33 into capsule 24, inserting negative
lens 35 into anterior chanber 20 and closing the incision. OL system 32
of the present invention provides for an accomvobdating |ens suitable for
use in an aphakic eye 10. 1OL system 32 conprises two intraocular |ens
each having haptic elements 40 and 43 with 21 flexibility characteristics
that facilitate opposed axi al displacenment of optic portions 34 and 37

al ong optical axis OA-OA of eye 10 thereby enabling an eye to achieve

nul ti - di st afgdbiitysetedracreristios thattfBemtate %p@séd@xi&%lé@&ﬁén% ok/%)t'ice there

is shown and described herein certain specific enbodinents of the present
i nvention, | bL i i i t rt that various
nodi fi cati ohérﬁ#g)g/ %425%;32 é\/hsﬁggbgc%?agmgﬁégé ?gﬁ&‘?ﬂg tn%{ﬁ%ryi &0 '(ﬂ’gs‘?:'?)pe of
t he underlying,inventive concept and that the same is not Ilimted to the
particul ar ?l‘)&%aﬁ@%?ﬁnglﬁ&ﬂﬁmg‘ﬁ@ V&?@ﬂmsewgew%%t thasid gf ewaglasses.cat ed by
t he scope of the appended clains. 22 LLOYD WSE W claim
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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1. An accormmodating intraocular |ens 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 opfigyp@sgon
with two or nore haptic elenents permanently connected to the ?lrst out er
peri pheral edge to form-a positive |lens, - and a second outer peripheral
edge defining a | ower diopter negative optic portion with two or nore
haptic el ements pernmanently connected to the second outer peripheral edge
to forma negative | ens, whereby a conpressive force sufficient to effect a
1.0 "mmin dianmeter conpression of said | ens systemor said positive |ens
results .in approximately 1.0 nm of axial di spl acenent of said positive
optic ponpj Wl %ﬁth respect to said negative optic portion along the eye's
opti cal axi s ¢@ enabl e an-eye to achieve nulti- distance visual inmaging,
wherein the said negative optic portion is axially displaced upon °
conpression. 23 LLOYD WSE 2. An accommodating intraocular |lens, systemto

be inplanted within
. An accommodating intraocular lens system to be implanted within
an eye generally perpendicular to the eye s optical axis
comprismg

a first outer peripheral edge defining a higher diopter positive

Optlc porhon with two or more haptic elements permanently

connected-to the first outer peripheral edge to form a posntnve lens

and
- a second outer peripheral edge deﬂnmg a lower dlopter
negative op’nc portion with two or more haptic elements

-permanently connected to the second outer penpheral edge to

form a negatlve lens,
whereby a compressive force sufficient to effect a1.0mmin
diameter compression of 'said lens system or said'positive lens
results in approximately 1.0 mm of axial displacement of said
positive optlc portlon with respect to said negatlve ‘optic portion
- along the eye s optlcal axis to enable an-eye to achieve multi-
distance visual imaging, wherein the said negative optic portion is

axially displaced upon compression.

23



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 nore haptic el ements pernmanently connecte @M@ﬁf
first outer peripheral edge to forma positive lens, and a secon er
peri pheral edge defining a | ower diopter negative optic portion with two
or nore haptic 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 1.5 nmm 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 imaging, wherein the said negative optic portion is

axi al l'y di spl ac2d Arpaccaraieidasin QA D WSE 3. An accommodati ng
intraocul ar | ens systemto be | Prp gﬁtgélggbﬁ"ﬁ W%ﬁi’"é?@%%medwthm

per pendi cular to bhewyVgerterdity peibeditSiar 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

~ asecond outer peripheral edge defining a lower diopter
negative optic portioh 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 posrtive lens
results in approximately 1.5 mm of axjal displacement of said
positive cptic portion with respect to said negative optic portion
along the eye’s optical axis to eneble an eye to achieve multi-
distance visual imaging, wherein the said negative optic portion is

axially displaced upon compression.
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conprising: a first outer peripheral edge defining a higher diopter
positive optic portion with two or nore haptic el enments permanently
connected to the first outer peripheral edge to forma positivﬁih@ﬂﬁmE and
a second outer peripheral edge defining a | ower diopter negative optic
portion with two or nore haptic elements permanently connected to the
second outer peripheral edge to forma negative | ens, whereby a conpressive
force sufficient to effect a 1.0 mMmmin dianeter conpression of said | ens
systemor said positive lens results in approximately 2.0 mm of axi al

di spl acenent _of said positive optic portion with respect to said negative

optic portiod- Al 8AECMMOdatingsintpbralat ishd @ﬁgmggqgl iﬁ.m%}ggégwf Q achi eve

mul ti- distance visual inmaging, wherein the sald nega rH”port ion is

axi al |y di spl ac¥deyspgeaneratiyrespenticuthr id e LiLIa0guUl ar | ens system of claim
1, 2 or 3 wherein said: negative optic gﬁ?tep%r?q 'CP%?%"'H. 25 LLOYD WSE 5.

The intraocul arcolestising:stem of claim1, 2 or 3 wherein said
a first outer pen’pﬁeral edge deﬁning a higher diopter positive
optic portion with two or more haptic elehents permanently
connected to the first outer peripheral edge to fonﬁ a positive iens,
and
a second outer peripherai' edge defining a lower diopter
negative optic portion with two or more haptic.elements
permanenﬁy conneéted 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 dispiacément of said
 positive optic portion with respect to said negative optic portion
along the eye's optical axis to enable an eye 1o achf_eve multi-
distance visual imaging, wherein the said negative optic portion is

axially displaced upon compression.

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

negative optic portion is fixed.
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negati've l'ens and said positive lens are both inplanted in a lens capsule
of an eye. 6. The intraocular |lens systemof claiml1, 2 or 3 wherein said
negative lens Is Inplanted I n an anterior chanber of an eye andOYDaWHE
positive lens is inplanted in a |l ens capsule of an eye. 7. The intraocul ar
| ens systemof claiml1l, 2 or 3 wherein said haptic elenents and said optic
portions are forned of a foldable or conpressible material. 8. The
intraocular |lens systemof claiml1l, 2 or 3 wherein said positive and
negative optic portions are formed fromthe sanme or differing. materials
selected fromthe group consisting of silicone polymers, hydrocarbon and
fl uorocarbon polyners, hydrogels, soft acrylic polyners, polyester,

pol yam des, pol yurethane, silicone polynmers wth hydrophilic nononer
units, fluorine-containing polysiloxane elastoners and conbi nations

t hereof. 26:LLCH A ocular | ens systemof claiml1, 2 or 3
wher ei n eit hér O%Yr‘!)t?ibcgt r%ﬁgssglg{c#rﬁggich'%L%ﬁr?\@dﬁ*’?\?‘é%‘ﬁ)ti c portions are
formed froma | terial. 10, The intraocular |ens systemof claim
1. 2 or 3 wher eﬁ%ﬁ%ﬁ%ﬁgp%ﬁg said pos%lve iens are both implanted mal%:ns

capsule of an eye.

6. 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.

7. 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.

8. The intraocular lens system of claim 1, 2 or 3 wherein said pos;itive
_and negative optic portions are formed from the same or differing _-
materials selected from the group consisting of silicone polymers,
“hydrocarbon and fluorocarbon polymers, hydmgels. soft acrylic
polymers, polyester, polyamides, polyurethane, silicone polymers
with hydrophilic monomer units, ﬂuorine~containing polysiloxane

elastomers and combinations thereof.
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or both of ‘'said positive and negative optic portions are formed froma
hydrogel material that is 18 percent by weight water. 11. The intraocul ar

| ens systemof claim1, 2 or 3 wherein either one or both of saj %\Posi tive
and negative optic portions are fornmed from poly(HEMA-co- HO—IEXV\%. DIWISEThe
intraocul ar lens systemof claiml1, 2 or 3 wherein either one or both

of .said positive and negative optic portions are forned froma naterial
having a refractive i ndex above 1.336. 13. The intraocul ar | ens system of
claiml. 2 or 3 wherein said lens systemis formed froman acrylic
material. 14. The intraocular lens systemof claim1l, 2 or 3 wherein said

|l ens systemis fornmed froma silicone material.' 27 LLOYD WSE 15. The

i ntraocubar | dine iaftabemapierd 8ysteh ofoiQin 3, ¥6E0 A ?%i? d; Fa Lo elements are
peisd &l

formed with a dinension in a plane generally ~ per oS the eye's

optical axis 6 I a dinensiaon in a plane
o “par SO %H%éﬁ\@@aﬂatngggﬁ\,e géﬁg PO%BD.”S'IWIE Pﬁlf‘?"éocgl ar lens

generally parallel to the eye's op

system of cl ai [n a glare reduction zone |Is forned
Bk Bt MR

adj acent to t " edge of

10. The intraocular iens 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.

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 poly(HEMA-co-HOHEXMA).
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 a material having a refractive index abdve 1.336.

13. The intraocular iens systerﬁ of claim 1, 2 or 3 wherein said lens

system is formed from an acrylic material.

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

system is formed from a silicone material.
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ei ther "one ‘or both of said positive and negative optic portions. 17. The
I ntraocul ar lens systemof claiml, 2 or 3 wherein one or nore of said
haptic el enments includes a stiffening el ement having |ess resiitance to
bending in a plane generally parallel to an eye's optical axi $LONRWISE a
pl ane generally perpendicular to '"the eye's optical axis. 18. The

I ntraocul ar lens systemof claiml, 2 or 3 wherein one or nore of said
haptic etements-includes a stiffening elenment formed fromthe sanme or
differing materials selected fromthe group consisting of polynethyl

met hacryl ate, polyim de, polyolefin, high- density polyester, nylon and
nmetal. 28 LLOYD WSE 19. A nethod of manufacturing the intraocular |ens

system of cl akm- lSkg. farm ng two_ disks fromthe same or
di ff erent su?babmeﬁg%eoﬁ%é s,gngr?i%%%f)ﬁ@fagnpﬂé 0§ J&vhesein saidhaptie di sk, and

machi ning. a neggatd lens fromt.he ofher .disk. 20. A nethod of
manuf act uri ng t%zé¢%ﬁttsaa§83f)gpea1ém g RSien iplaplene generally 3 conpri si ng:

nmol ding a positive leps of a suitable material, and
perpendicular to the eye’s optical axis to be greater than or equal

to a dimension in a plane generally paraliel to the eye's optical

axis.

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

ejthe’r one or both of said positive and negative optic portions.

17. lT-he intraogular 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 ;.)arallel to an eye's
opti-cal éxis than iq a plane genérally perpendicmar to the eye's-

optical axis.

18. The intraocular lens system of claim 1, 2 or 3 wherein one or
more of séid hapti¢ efements-includes a stiffening element formed
from the same or differing materials seléc’ted from the group
consistiﬁg of polymethyl methacrylate, polyimide, polyolefin, high-

density polyester, nylon and metal.
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mol di ng a ‘negative lens of a suitable material. 29

LLOYD WISE

19. 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.

20. 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.



