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W TH ACCOVMODATI ON TECHNI CAL FI ELD [ 0001] The present
wonesniisee relates to i nplantabl e intraocul ar Penssm07/008328

("IOL") suitable for the correction of nyopia,

hyper opi a, presbyopia and astigmati sm More

particularly, the invention relates to IO.s which are

adapted to provide accommopdati on. BACKGROUND ART

[0002] Inplantation of artificial lenses into the

human eyENTRA GEWLAR LIENS WIrH! £CTOMMODATIONY
years, both to replace the natural crystalline |Iens

(aphakic eye) and to supplenent and correct
TEGFIMGAMEI:IELBVS of the natural lens (phakic eye).
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containing the vitreous hunor with a retlna at the
acGOEYPOdAtiani s chanber. The hunman eye has a natural
ye .
accommodation ability. The contraction and rel axation

scI e provides the eye with near and
38{‘4{&%6{')@(% respectively. This ciliary nuscle
[0602] ilowplaitaiesof drtificiablensealintorthe hambn eye havtsena standard
appropriate optical configuration for focusing |ight
techaitmedot @ahy gedrh cbatly to mpldch che ettumabcrySialiare leny @pbalda dye)
pressures may additionally influence the eye's

and i hupplerhéntandebirectatRadtivie ettoasgfbtheinaturaldeny(phikit eye).
exanple, <changes in vitriol pressure or the exertion

HdWeve) 2ce6mbdatién providedyCsudh s&fla&nitnt ldhses i€ YEininh4) @0 4bn-
After the natural crystalline lens is renoved, for
exB¥éaipl e because of cataract

[0003] The human eye includes an anterior chémber between the cornea and iris, a
posterior chamber, defined by the iris, a capsular bag containing a crystalline lens,
ciliary musculature, and a vitreous chamber behind the lens containing the vitreous
humor with a retina at the rear of this chamber. The human eye has a natural
accommodation ability. The contraction and relaxation of the ciliary muscle provides
the eye with near and distant vision, respectively. This ciliary muscle action shapes
the natural crystalline lens to the appropriate optical configuration for focusing light
rays entering the eye on the retina. Other forces and pressures may additionally
influence the eye’s ability to accommodate for changes in vision. For example,
changes in vitriol pressure or the exertion of forces by the extrinsic muscles of the
eye.

[0004] After the natural c}ystalline lens is removed, for example because of cataract

or other condition, a conventional monofocal IOL can be placed in the posterior



or other condition, a conventional nonofocal |OL can
be placed in the posterior WO 2007/ 117476
wEOWBR007/ 008328 2 chanber. Such a convent i pOBUS100L008328
provides very limted, if any, acconmodati on.
However, the wearer of such an I OL continues to
require the ability to view both near, internediate
and di stant objects. Corrective spectacles may be
enpl oyed as a useful solution. Recently, nultifoca
charhbér. SAEH 4 asivernBomdl 108f pratidey GerydintitélE; if A3l hcdMmoddidn.
the eye and have been used to provide near and
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same a |limted anmobunt of accommobdati on, they decrease
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as glare and hal os. | 00051 Exanpl es of “i npl antab
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ofs) el il Bt h bl e i e e ler
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second |l eg extending fromthe |ens ed o a distal
ar.#itachsin SOTRG BABRES S 806 T LFIALY B HF HEF sw ffme other
di stal ends-of each first and second |eg
SUPPQIHiag 81e3RS, SHEMBLAMSAY haptics, sxtendingdrqny ﬂzﬁ ?p&wghkens portion of
bowed i nward toward the |ens. Each |leg has a
the intrappulerleps- its distal end. [0007] U.S. Patent No.
6, 261, 321 (Continuation-in-part of U S. Patent No.
[00061414.S7 P7tent Nes@R4béd7 dessnibks @ phakia preaecelar lenp aenenibly that
| ens assenbly that has a lens with a circunferentia
hasddeéns withl a girtumfrerttigb edge, and adirstdwptid ahd piseeondiieptip, which
extend fromthe edge of the lens. Each of the haptics
exkbemsl feorh ithies¢dgead tiexkeas (Bach) off tlonhapties hass fiesti g ¢x¢erading from the

lens edge to a distal end, and a second leg extending from the lens edge to a distal
end, and a transverse member extending between the distal ends of each first and
second leg. The transverse member can be substantially straight or bowed inward
toward the lens. Each leg has a footplate at its distal end.

[0007] U.S. Patent No. 6,261,321 (Continuation-in-part of U.S. Patent No. 6,241,777)
describes a phakic or aphakic intraocular lens assembly that has a lens with a
circumferential edge, and a first haptic and a second haptic, which extend from the
edge of the lens. Each of the haptics has a first leg extending from the lens edge to a
distal end, and a second leg extending from the lens edge to a distal end, and a

transverse member extending between the distal ends of each first and second leg. The



di stal end, and a second | eg extending fromthe | ens
edge to a distal end, and a transverse nenber
wezdendisng bet ween the distal ends of each fire¢T/@apmo7/008328
second | eg. The WD 2007/117476 PCT/ US2007/008328 3
transverse nmenber can be substantially straight or
bowed inward toward the |l ens. Each |eg has a
footplate at its distal end. Each | eg of each haptic
may be inwardly bow ng, straight, and outwardly
traR Qe 2 GnerhBgl danBedubYtan@aB sthafght BRBoWaY e di€ t6R AR tRE lens.
di fferent shape fromthe other I egs. [0008] U.S.
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I nt raocul ar Iens inserted in to the posterior chanber

boL/ EHS ggp h& %B{vggdgfb 19% ' Qddltl}fﬂzﬁ gp 2 aﬁlgé@lﬁ)}j }?ﬁ;gtthé%e or

yopl a ptic ies are

d,ﬁ%g,%tgﬂg%ggg @gq,theﬁé%%nd outward from tangent points

d 'ens h at | east two generally
t
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stalline lens. |In.one qgﬁ q? opti c bod M
oy qm fangepLpRiptsat they Egmaefewa ﬁtWPrgsn?fa y

posi.te sides of  the C|rcunferent|al ed
°P89%1$ecd‘t?689ns Progpding sprbaresgrtrude jnto pupy s Sgh ﬁ‘&ﬁf*}ec‘gs interferes
extend fromthe circunferential edge of the optlc Jbody
slightlyawith depsymoyementandipreyides ‘BEPF‘H%%I {orce tp keepil ﬁrérm place.
configuration, the haptics extend tangentially
(0009 .%oayt,ent Nens, rlé%é'r’«g desgribegan Byraogloy legs f’ﬁ‘éc%l’éw @epartlally
an overall "S" shape with the lens at center portion
or ghmiphetel g witliin thiegdpselar surfase of the huma erystallinedensy In one
adhesive. [0010] Attenpts have been made to provide
entt@dsment: theapticrnods dias asymmetiricgl haptiveentanding ongvardky from
optical axis of the eye as an alternative to shape
opphsitgiides. of the airpheferaftial edde afithe ppticbedye Is ene Embodiment, "J"
Levy U S. Patent No. 4,409,691 and several patents to
shepediaptics extehd diong the.cicumfi¢rential Mdge oHthé bpti2 Badpimda manner
5, 496, 366.

that encircles optic body. In another configuration, the haptics extend tangentially
away from body, then reverse direction, giving the device an overall "S" shape with
the lens at center portion of the S. The device is secured in place with an adhesive.
[0010] Attempts have been made to provide IOLs with accommodation, using
movement along the optical axis of the eye as an alternative to shape changing.
Examples of such attempts are set forth in Levy U.S. Patent No. 4,409,691 and
several patents to Cumming, including U.S. Patent Nos. 5,674,282 and 5,496,366.
These lenses are biased to be located in the posterior-most position in the eye under

rest or resting conditions. When near focus is desired, the ciliary muscle contracts and

the lens moves forwardly (positive accommodation). In the absence of ciliary muscle



These | enses are biased to be located in the
posterior-nost position in the eye under rest or
wo eavitng7eondi ti ons. When near focus is desireBCT/UR®07/008328
ciliary nmuscle contracts amd the |l ens noves forwardly
(positive accomodation). In the absence of ciliary
nmuscl e WD 2007/ 117476 PCT/ US2007/ 008328 4
contraction, the lens noves rearward to its
posterior-nost resting position. Because of this
comeioh] Bk 1&isafiovi’dedrt@rd @ ikd gostéidrafiostfredtin® posSition. BE&use of
posterior wall of the capsular bag is subjected to a

thit§ EQ&E@&F bidd atPOHE RBnRfuratid L bEHeNens IR pdshFiok ¥R dfihd Eapsular

e posterior- nost position. One problemthat exists

ba%’ts; thlbiéé?éa tbQstibstandidl %‘églteg%\f g&t&fcﬁﬁg% 'i'%:\étef? i(;)nt.he posterior-

lently to obtain“the desire
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ssion that such devices atents“are eit

suf IR Sl SR AQohEAESRCN | Tvent on. Rt her

suc evi ces an s relate only to the genera
el “the invent.ion and .do t,consti.tute rt.of .
1047 hegrebing fiiibs RaBline Snt e B S HRE ferGlevices
e _above, it woul d be adyan ous to, provide S
andlR pRreat ke Sl Sosvan, s Bt B B st Fypion” Rath, such
acco dation with reduced ris f .damagi ng th
doRFeaiatens el e o o BendEst IR E HRauF R gt o not
i ntraocul ar. lens (I assenbly and met hod for
COE%W@M %B‘ﬂ‘?raa,g't %ﬁé‘?‘@ﬂpﬁf" pr esbyopi a and
astigmati smusing the intraocular |ens assenbly are
[0042d\Ip dight of the ghpys, dtuvewld bepdvantpgeays b9 RrovidsiOLscwhigh cgn
relates to intraocul ar | enses _which provide i
achigve arraekepiable apent of agrommedation with sedweed gpk phdaragging the
natural lens. The intraocular |ens assenbly conprises
capsularrhbagext endi ng al ong an optical axis between an

anterior optical surface and a posterior optical
surface. The lens has a circunferential edge disposed

SUMMARYOBFpTHEAINVENTIQN: j unction of anterior and
(0PIt &H irftfaceRial oAk (FOIN) a3s6hbly BAE rhéhsd faticohrectitimydpia,

haptics, where N is an integer
hyperopia, presbyopia and astigmatism using the intraocular lens assembly are
provided. In particular, the intraocular len; assembly relates to intraocular lenses
which provide accommodation when used as a replacement for the eye’s natural lens.
The intraocular lens assembly comprises a lens extending along an optical axis
between an anterior optical surface and a posterior optical surface. The lens has a
circumferential edge disposed about the optical axis at a junction of anterior and
posterior optical surfaces. The lens further has N haptics, where N is an integer
greater than 1. Furthermore, each haptic extends from an associated portion of the
circumferential edge and along an associated haptic axis. In addition, each haptic is

"loop-like" or "paddle-like" and extends between end portions at opposite ends thereof

joined to the lens at the circumferential edge. It should be noted that each of the



greater than 1. Furthernore, each haptic extends from
an associ ated portion of the circunferential edge and
w@bk@giam associ ated haptic axis. I n addition, P€BUB2007/008328
haptic is "loop-like" or "yaddl e-1ike" and extends
bet ween end portions at opposite ends thereof joined
to the lens at the circunferential edge. It should be
noted that each of the WD 2007/ 117476
PCT/ US2007/ 008328 5 haptics may include M footpl ates
hapiidsanal IMGhRIEMEbStpladéd skteidnl synihe@talg aB&RGtshd3fidisted haptic
axis, where Mis an integer greater than O.
axidl WRERNIIY 8k mtegeit%:eéaér thik€0 h alichabiveBY edt®lof thE RAPES may not
any footplates. IN a preferred enbodinent, the l'ens
indi@fe zhlfy'l%@@p'lé%és. 18 bFeDrtd emBOditkdEhE 94 1685 RAS R ha?h@é] wheYe N is
2, 3, 4, 5,6, 7, 8, 9 10. [00141 1|

one oOrt: or . one
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first haptic plane.wherei.n second .pair of haptic.axes
exiepfimg TR CRgrSte Rt SR A roal b AP e A At B gecond
In addition, the first haptic. pl ane .be . .
ay5 i GaRGS P heGin SEE R ORFRHCCEAGT BRUOBUS Yo AEFaRgREin a
arrangenents other than perpendicul ar, nay be wused in,
firgithaptic plangavhsreip secqnd Raik qtﬁwpﬂfrﬁée%ﬂtqpé@ a%jseare coplanar in a
angul arly displaced with respect to optical axjis in a
seef) tipplangajn pdditipnfbe finstdapts plape may beqgrpendicular tan
angle A froma plane P transverse to optical axis. In
seemndehiptid plangt althomgh gogleceiangementp othen hoaaergendigularayay be
an angle A with an approxi mate range of 4-7 degrees. '
us¢d inséther forms bE thetjavenstond The haptics @re sngylarty displacedowith espect
at | east one footplate extending therefrom
to optival taxisdalal direation away froas $eainteriod ohtigxl isurface tgy an angle A
Al ternatively, each of the haptics may not include
framy plaetPbiransysrse[t0 Opfidal Bris. iInwe etribodinadrs canpingrapcidar lens
nmet hod for inplanting in an eye an intraocul ar
assembly can have an angle A with an approximate range of 4-7 degrees. It should

also be noted that each haptic may include at least one footplate extending therefrom
symmetrically about its associated haptic axis. Altematively, each of the haptics may
not include any footplates.

[0015] The invention also provides a method for implanting in an eye an intraocular
lens assembly which provides accommodation. This includes the insertion of an
intraocular lens (IOL) assembly into the eye, where the IOL assembly extends along
an optical axis between an anterior optical surface and a posterior optical surface.
The lens of the IOL has a circumferential edge disposed about an optical axis at a

junction of the anterior and posterior optical surfaces. The circumferential edge can



| ens assenbly which provides acconmodati on. This
i ncludes the insertion of an intraocular lens (1Q)
w@seenblaye i Nto the eye, where the | OL assenbl yPerRUSIIT008328

along an optical axis between an anterior optical
surface and a posterior optical surface. The |lens of

the 1OL has a circunferential edge di sposed about an
optical axis at a junction of the anterior and

posterior optical surfaces. The circunferential edge

ha¢éaa piiftlcal hdpke/st 4o gRCTdr%dRPId, AAGH4R edBe AdjuEerit to one optical
particul ar shape or angle, for exanple, a square edge
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edge adjacent to a second optical surface. The |ens
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greater than Each haptic ex from an
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W NGSD% 00161 The inventi 0t24 ?ﬂnd t he vari ous
PP HATAPPTONRI CIBNBRH (eI der st ood  from
the followi ng description, when read together with the
‘ ' ' ' (G Rl GS. 1 and |1 A show

B%ﬁ@ﬁ@%ﬁ%ﬁ@%@?’iw& W&Jﬁ# the | ens assenbly
[0816]lhe iavbatthingend thef varipas feateren tharenfe ntayy dre. meeGull@ understood

shows a cross sectional view of the | ens assenbly of
frdvh Ghe follivang descriptidn, whénGread toguibvg with dp adcempafiyiag drawings,

alternative enbodi nent of the I ens assenbly with
inovhieint ati on tabs. FIG 4A shows a cross-sectional view

of an eye with an phakic intraocular |ens
FIGS. 1 and 1A show a top view and a perspective view of the lens assembly of an
embodiment of the present invention.
FIG. 2 shows a cross sectional view of the lens assembly of FIG. 1 along axis A.
FIG. 3 shows a top view of an alternative embodiment of the lens assembly with
orientation tabs.
FIG. 4A shows a cross-sectional view of an eye with an phakic intraocular lens
assembly of an embodiment of the present invention.
FIG. 4B shows a cross-sectional view of an eye with an aphakic intraocular lens
assembly of an embodiment of the present invention.
FIG. 5A-51 show top views of alternative embodiments of lens assemblies of the

present invention, with examples of haptic placement along a circumferential edge of

a lens.



assenbly of an enbodi mrent of the present invention.
FIG 4B shows a cross-sectional view of an eye with an
w@pbakim7é ntraocul ar | ens assenbly of an enboBdTEBR1000008328
the present invention. FIG75A-51 show top views of
alternative enbodi nents of |ens assenblies of the
present invention, with exanples of haptic placenent
along a circunferential edge of a lens. WO
2007/ 117476 PCT/ US2007/008328 7 FIG 6 shows a top
FIG! 8'%h&ks oy WehasTeanlidfrad QIS 18{s dfiRe PFRSRRAvemtibANHoWing
showing multiple lens zones. FIG shows a
mififRIeesdeonal view of an intraocular |ens of the
present invention, showing nmultiple optical devices
i t hi ) t. i ion.. .
FI?F%@H%?%E\M'JSE cht;ol?lgl l’lgv (Ptf an 1H§acﬂ:ru‘?z§'qgi¥s dgﬁﬁ? E{ésgrp 1{1Y]eentlon,

OWs a cross-sectional view
' ' i : ' . ct t he, . .
s I E TP RS Ao R ARSLET vkl S8 TOT LA ol By ipysption
N i [ |tino in.ac ti.on of the . .
FiGo¥ SRR o ictonel Ao (b ARION ER: 1P&nfion Wirgippomppession
- | NVENTI 00171 L.n.the eye, the . natyral lens of the
torg 5t P PR UERBINE 8 ARG B BRAOLUTE e pienton,
body.. The iris separates_.the I on between the cornea
res&?t"i‘/ﬁ]‘l“&”wa??fgoé% dsé%’a‘af’[?zg%?ﬁée? Bo an anterior
chanber and a posterior chanber. The natural
' [ t.ai,ped . rane known as
m%t@&:?ﬂiﬁsm%ﬁﬁsﬂég %\éﬁ@mat ural lens is
[00ildndhe eyep the naturallens pfithesyp sepasatanthesdqueouschuneondfverd the
(intracapsular excision), or the anterior portion of
vitréous bagy.ulTke imapeparates thevregionibetw ¢encghe aommeabr anterior of the eye
crystalline lens, |eaving the posterior portion of the
and #pskeheinto haabtefiox thanttzay aud aposteribr cleimbien) Thohdteral crystalline
| eaving snmall folds or flaps fromthe anterior portion

lersfis totained $n b enembranéknowi asithe iapsule 6péapsilar 84t. When the
artificial lens may be inserted in the anterior

nathallbsy is rethbeedpfisinaht eye, thacdpeiile iy 4166 be eBoN el (irtfiapsul ar

excision), or the anterior portion of the capsule may be removed with the natural
crystalline lens, leaving the posterior portion of the capsule intact (extracapsular
extraction), often leaving small folds or ﬂaps from the anterior portion of the capsule.
In an intraocular implant, an artificial lens may be inserted in the anterior chamber,
the posterior chamber, or the capsular sac.

[0018] The design of intraocular lens assembly of the present invention and
particularly the “loop-like” or “paddle-like”, flexible haptics, preferably with
angulation, overcomes the lack of accommodation provided by prior intraocular
devices. The intraocular lens assembly of the invention is primarily designed for
placement in the anterior chamber of the eye and use as a refractive lens for the
phakic eye. However, the unique design of the intraocular lens assembly also permits

its use in the aphakic eye, and placement in the posterior chamber sulcus and the



(00181 The design of intraocular |ens assenbly of the
present invention and particularly the "l oop-1like" or
woO paddiaé i ke", flexible haptics, preferably w¢us2007/008328
angul ati on, overcones the l&ack of accommopdati on
provided by prior intraocular devices. The
intraocul ar | ens assenbly of the invention is
primarily designed for placenent in the anterior
chanber of the eye and use as a refractive |lens for

pobtefior EHaaitie€ baY.erhdiaway&ilar 1&Jibeasu&ha%ed&%&me9&nwgmable for
intraocul ar l'ens assembly also permts its use in
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or _nore . hapt are.substantially conpressive, such
comprassivR £o1r% qcie?o%gb% a portion of any corrpr essi ve

["‘;&l gﬁ’ﬁl ‘9“6‘?‘? ‘}% égl?%éfg%p}:{yrp%éelwggxgnér{‘ %:ﬁ? ¢ from a blocompatlble
conpat flexible material . In one enbodi
wgfwi glr‘ ong exjbogimentJihg mteriahis also a|f° dmewtenal which

| ows insertion of the device through s
allpwe inseging ofthe flgyigs thropglssmalh ingisions, pw&reblyrlwéftmm more
| ess than 5 nm and nost preferably 3 nmor less,. In a
prefarabhless thanSanmeand mesi@referabbe3 mim oF keser bt furtheser t ed
into the anterior chanber of the e where there is
embodiraentatbe dayich is preferablyingerted ynto aﬁ/er anterioreghombepof thateye,
cataract formation is mnimzed. In a further
whend)hdreris mio, contast withi the natyral nss@tatlm lens,cotthas catapant fermation is
sac follow ng renoval of the eye's natural |ens,
miggnized| Inyn furtheeghbodiment, thef deviceats insedtd inte tise ca]ibvdar sac
desi gn provides mninmal contact with other tissues in
folldveingyremovalrdfhibe aye’ e natutdh derdpgeneeallbain reglaeasent vl a cataract
renoved and reinserted as needed. The conbi nation of
lens. The design provides minimal contact with other tissues in the eye. Furthermore,

ha%tl

the device can be easily removed and reinserted as needed. The combination of
flexible materials and the haptic design allows the device to withstand some
defoﬁning forces, such as the patient rubbing his eyes, without the device breaking,
warping, or becoming disengaged from the eye.

[0020] In an embodiment of the invention, the lens assembly of the present invention
may be formed of a single focal lens. Said lens may have one or more portions of
convex, concave, subétantially flat or undulating curvature. In a more preferred
embodiment, the single lens is biconvex in shape. As will be understood by a person

skilled in the art, the refractive power of the single vision lens can be designed to



flexible materials and the haptic design allows the
device to withstand sone deform ng forces, such as
wo b@7patarent rubbing his eyes, wi thout the devPCEUS2007/008328
breaki ng, warping, or becam ng di sengaged fromthe
eye. 100201 In an enbodi nent of the invention, the
| ens assenbly of the present invention may be forned
of a single focal lens. Said | ens may have one or nore
portions of convex, concave, substantially flat or
coufRdtih Spacific CisionabHoBnality, iacliBing, Putia lingtd ta,nilagspl eropia,
the single lens is biconvex in shape. As w ||

Hdb?/@bﬁlt AArbriati@mAEsns OBy Slkdringafle sRapeltd i fens,!th€ refractive

active power of the single vision | ens can be

pRSigheded %MW&M7ﬁtgr%H§2%6%%bjgcw are in focus.

correct a specific vision abnormality, includi'ng, but
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antially planar |nu30|dal or atin
r&&‘%‘ﬂhﬁ"’%—,‘? PrOIEF%F‘é(F 9Bt ‘S/"a dexicg CB’F‘Q&F%%"S % %Pg éaﬂ‘ adient of
devi.ce conprises a |l ens having a gradient of
increasing of Agcrepsingrciasiys ey erfram @ ét prstien of therdens tojarsepond
portion of the lens to a second portion of the |ens.
portien ekthedres. Hasexpmnle, thelenemay bgagensesiikh thage figst portion of
first portion of the |ens produces an inmage wherein :
the lenspredusisp ae irgage whergins ¢istgnt okipgts arednfeeusnwhilpgsesand
of the | ens produces an i nage wherei n near objects are
partiof of the lempredeges animagpwhereimseagfobjdets dre frs fdsus wedwhere the
the first and second portion render all distances
pdroonseefithe féns betveeearthe ird and acconldjpoction tendéradldistances between

the distant and near objects in focus.

[0023] In a preferred embodiment, the gradient of change of refractive power is
smoothed such that the increase or decrease in refractive power is perceived without
the patient being aware of clear delineations of refractive power. In a further
preferred embodiment, the gradient of the change of refractive power is substantially
linear, exponential and/or parabolic. In an alternative embodiment, the progressive
optical device is comprised of multiple lens zones, wherein each lens zone has a
unique gradient of change. The gradient of change can be positive, negatiQe or 0,
provided the lens includes at least one lens zone with a gradient of increasing or

decreasing refractive power.



[00231 In a preferred enbodi nent, the gradient of
change of refractive power is snoothed such that the

wo p@raasies or decrease in refractive power i s pPCT/@R2007008328
wi thout the patient beingilaware of clear delineations
of refractive power. In a further preferred
enbodi nent, the gradient of the change of refractive
power is substantially I|inear, exponential and/or
parabolic. In an alternative enbodi nent, the
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on mhen | ted into the e pat . In
sl 16 fi%g%smgp? FBPIEH COHEMGMPH BB BRehE Srisorad
Iens has a |ow r fra tive power uitable fo
vifgaliss distegt abistian eveﬁy ediorizon ghin %cwh and aﬁaf&bﬁ%b?lewghe
has a high refractive power, suitable for focussin
hasizanp alspjia feaus. it ‘E&PP@ﬁtPl?tﬁ% fhat sush aenhweuldpesuitahle for
woul d visualise distant objects above t he horizon as
repding ifems suethes braks apdjfecdistapes vsiopsuch podfiviBg al so in
focus. It is contenplated that such a | ens would be
[0825) The intrhoeular lensipgsgmbl eekths irventien pwyleptignally clude a
di stance vision such as driving. [0025) The
mithifocab optical deeine. Ssislcopiticyl defvideltoay haxsramemn mperg portions of
optionally include a multifocal optical device. Said
camyex,cahcaley substamiivll flatoowalubatingouevanoet Pogferably, said
convex, concave, substantially flat or undul ating
maltifvail optical deeice rehicgs oseiminatesithe droeaitedgffeatadf glening end/or
reduces or elimnates the unwanted effects of glaring

h@oingProduted bl igeigemdighe tspacidllycwhiantuchilight is fesp acpat soprce.
when such light is froma spot source.

[0026] The multifocal optical device may comprise at least two or more lens zones.

Such zones may be of equal or unequal size and may be arranged in any shape within

the multifocal optical device. In a preferred embodiment, each lens zone has a unique

plane of focus e.g. a first lens zone may focus light from near objects onto the retina,

while a second lens zone may focus light from intermediate objects onto the retina. In

such a way, the multifocal optical device can be designed to treat a specific disease or

to provide each patient with optimal vision correction.

[0027] In a preferred embodiment of the invention, the multifocal optical device

comprises 5 lens zones: a first lens zone, being oblong in shape, is arranged

perpendicular to the optical axis and parallel to the plane formed by bisecting both



[0026] The nultifocal optical device may conprise at
| east two or nore | ens zones. Such zones nmay be of
weoealilare unequal size and nmay be arranged i n POYUSivapers32s

within the nultifocal optiital device. In a preferred
enbodi nent, each |lens zone has a unique plane of

focus e.g. a first lens zone may focus |light from near
objects onto the retina, while a second |ens zone nay
focus light frominternedi ate objects onto the retina.

eyédlof the phtiéhtWRYsaid Rest lHstZoh8 t3har M1 it6 Ble KELOACa SR Bnd fens zone
designed to treat a specific disease or to provide
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a preferred enbodi nent of the invention, the
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ens zone 1sp rzo second
lLens, zon onpr.i t.he tian. of the | tifacal . :
an Gqlokfteq at e dha iR Hges 71 the e feas 760t ereby dlsS mpgpgecting
taop of .t he tifocal i cal .devjce when ipplanted i
tne, Ay et iptee of i mp it Spue e Vioe s o P s s, "By
and i.s arranged parallel to and bel.aw the first .l ens
v e oS T 9heedh it 2qiine motiselgpsical Tovicctan be
approxjmately triangular in shape, wth curved edges,
contclehPALs pisebls orhwidteiBnES o dpial &@%‘gtIB'FS- tiRé mast pgeferred
| ens zone, thereby also .intersecting the . . .
embodmete thefrsHEneERs iy fuitable fog fosussing negieiiptgrmediate objects;
and the first lens zone. By varying the refractive .
theyssrend inszgpe is witable dpcfocussing near gbrectsy iejthid lens\zppeis
can be constructed that is suitable for a w de range
suigpblg ifer forussedistapiebjeqthangd thgfourth ane fifthdenscaappetiagshitable
the first lens zone is suitable for focussing near to
for focussimglinggrmedistechiscts. (\When unplanteddnto azpatient’seye, it is
suitabl e for focussing near objects; the third | ens
coptemplatsd tisaiatpatiens Wiblrviéw oeastorigtegnediatetobjdsjits such awthiose found
the fourth and fifth I ens zones are suitable for
in§ide ahouseyin fuces througlt the divstdensszondh eThe pasieanwiltl viemt rean

patient's eye, it is contenplated that a patient wl|
obyécrsysuetnis bawkis keybomds at eockinpgotessilsindbcassthtdugh ¢hd seconid lens

zone. The patient will view distant objects above the horizon, such as landscapes and
approaching cars or pedestrians while driving, as in focus through the third lens zone.
Lastly, the patient will view intermediate objects above the horizon, such as traffic
lights, buildings and street signs, as in focus through the fourth and fifth lens zones.
[0028] In an alternative embodiment of the invention, the multifocal optical device is
formed from at least a centre lens zone and one or more concentrically located lens
zones arranged thereabout. In a preferred embodiment, the centre lens zone is
cylindrical and has a central axis aligned with the optical axis. However, in

alternative embodiments, the central lens zone may be any shape, including conical or



inside a house, in focus through the first |ens zone.

The patient will view near objects, such as books,
waeyaande or cooking utensils in focus throughCt/ing2007/008328
second |l ens zone. The patitent will view distant

obj ects above the horizon, such as | andscapes and
approaching cars or pedestrians while driving, as in
focus through the third | ens zone. Lastly, the
patient will view internedi ate objects above the
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signs, as in focus through the fourth and fifth |ens,
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comsEiRR HAHEOmEHIS o Fanbs epGpRer oxmsntler wsions tiaton e s

.l.ens .zones are torus, r.ring-like, in shape. ILn an .
iGN e ERABITGH FaiFR ARYRE PBPLESIRA S0 Fepdinies Srwine,
gne 8r nor e axislg% plane. .In an optional enbodi nent,
orJongdisBReEHEVIRS $uchas forntdesr acH¥tiegxt end conpl et el y
about the centre lens zone, formng, for exanple, a.
10029} Theeps zongs 9f the prggentinvention maygﬁtamagech@w gipr or
thus be tailored to a patient's unique vision
postsripp surfass of tipmultiesal opéicaldeiicse Inpprefrmed emppdiment, the lens
particul ar vision situation, such as night vision,
zopessexsend subgtantiallyvrom dheiantemgr suréane toiths posteriasisueface ofithe
reading or sewing, or |long distance view ng such as
multifocalioptical dexice.vHoweyer, jrogpdieriatiyel emnbdimpntofdhe idvention,
present invention may be arranged on the anterior or
eithesorbath of therdnéertoreir pobteriousurfacecaiay bptfomadd flemi xsnglt ens
a preferred enbodi nent, the I ens zones extend
zopepgith at eadtlope seamdtlbes zomeembeddediwithinethe onultifocal optical
posterior surface of the multifocal optical device.
dedinee \Ir a fuithcraltealatieoe eaibodmenjiodi oranéredéns 2omes, including those
i nvention,
embedded within the multifocal optical device, may overlap an axis parallel to the

optical axis i.e. lens zones may be stacked within the lens assembly.

[0030] In order to facilitate the formation of lens zones, the multifocal optical device
may be constructed from one or more lens zones forméd individually. The individual
lens zones may then be fused together, such as with heat or adhesive or held in place
by the material of the IOL, wether encased partially, fully or joined by membranes or
bridges. In a further embodiment, the lens zones may be formed of differing materials

so as to impart unique refractive characteristics.



either or both of the anterior or posterior surfaces
may be fornmed froma single lens zone, with at | east

woer®7aenond | ens zone enbedded within the nul tpdDUS1007/008328
optical device. In a further alternative enbodi nent,
two or nore | ens zones, including those enbedded
within the nmultifocal optical device, may overlap an
axis parallel to the optical axis i.e. |ens zones nay
be stacked within the I ens assenbly. [0030] In order

[0a3a] fimaen eimbatendrit ef fherimedrition, tfe heltifocabnptcal theice is formed
mul tifocal optical device nay be constructed from one
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| ens zones nmay then be fused together, such as with
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Iens zones may be forned of differing materials so as
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camer a Iens t.i onal sai d i ndividual |enses may
plagar, coneavs /i) ??‘W’ %’S‘gﬂ?"ﬂ%‘ﬂl‘% shaPgnsparent or

sem -transparent material to inhibit or
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the optical lenses. In preferred enmbodi ment, to o 140
the plase obthe IGL byanopns ‘bfaﬂ 128n3ed’i T, B ConFeP’ 10°, 11°, 12°,13°,

bi concave, convex / concave, convex / planar, concave
147, q51 13Radn amase preferir thltqmatm@@boqlmggtgraaul @ffset corrects for

al ternative enbodi nent, one or nore of the optical
opliealsberrationst fncdidefasgmatisne optherpffagts afidisgasy. i g pangntsreye.

of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13,
[0033] A multifocal optical device formed from multiple optlcal devices (a
“compound multifocal optical device”) may preferably be designed to correct one or
more optical aberrations that arise due to the material, structure, refractive index,
haptic positioning, accommodation or any other aspect of the IOL.
[0034] The compound multifocal optical device may be formed from two or more
elements having varying degrees of asphericity. Optionally, the optical lenses may be
biconvex, concave / convex, biconcave, or have one or more surfaces substantially
planar. As will be known by a person skilled in the art, the angle of view and the

amount of light transmitted through the lens will affect the number of elements

required and the shape of each individual optical lens. Where the compound



14, or 15. In a nore preferred alternative enbodi nent,
said offset corrects for optical aberrations, include
w@sdorgoayé sm or the effects of disease, in a petT/@R1005008328
eye. [0033] A nmultifocal aptical device formed from

mul tiple optical devices (a "conpound nultifoca
optical device") may preferably be designed to correct
one or nore optical aberrations that arise due to the
material, structure, refractive index, haptic
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imght. theab ﬁ@’ NN 18 PRFilipRet o %‘i’ﬁ?f% ‘°“S of the
re U|red 0035] In a further enbodlnen% sajd |l ens .
mcze?rgélabagh would repyb R srgptes amopat Rl ighy ewgafﬂsu%eérat a point(s)
absorbing a portion of the light. The absorbin

g e
aniegipr ioF ppSigrorto the FRtisat In g mpst nfefevépdd%bodawenh R’a‘dé‘bSOTbmg
nmetallic and/or a polynerlc conposition. In a_ further
means deiperitienedith seduss dhablugingeingsion, glari frora gdight source and / or
absorb portions of the incident Iight that would
halaing hs seen by appatientandprodneeddiy the gimltifasahepticsb dexdge.at  a
point(s) anterior or posterior to the retina. In a
[0036]t Tl leghe mbeatbmgiroelinsamay, beepajjueitsanshicant orrteamsparest,
positioned to reduce the blurring of vision, glare
provided audh ahisorténgimeansdig the capactipkmabsgring psetion df\thalight being
patient and produced by the multifocal optical device.
transmitted through the multifocal optical device. In a preferred embodiment, the
absorbing means absorbs greater than any one of: 2%, 5%, 10%, 15%, 20%, 25%,
30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98%
or 99% of the incident light at one or more wavelengths of visible light. In a preferred
embodiment, said absorbing means absorbs light in the visible spectrum wavelength
range of 350 nm to 750 nm. In a further preferred embodiment, said absorbing means
absorbs wavelengths of light in a band of any one of: 10 nm, 25 nm, 50 nm, 75 nm,
100 nm, 150 nm, 200 nm, 250 nm or 300 nm within the aforementioned visible
spectrum. For example, from 350nm to 360nm or from 400nm to 500nm. All such

ranges are included within the scope of this specification and can be readily listed by

a person skilled in the art, but have not been listed for the sake of brevity.



[0036] The |ight absorbing neans nay be opaque,

transl ucent or transparent, provided such absorbi ng
wora@nai1hE@es the capacity to absorb a portion of p¢1es2007/008328

light being transmtted thsough the nultifoca

optical device. In a preferred enbodi nent, the

absor bi ng neans absorbs greater than any one of 2%
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accordi t i ¢h the absorbing neans is disposed .
In 2 ot @gé}g"e%s%géww, thA @03 DI AR<EF ¢ BFAnEFY iy & cqgigal shape
absor bi ng neans can he provided in or, on the lens in
orim A yghaReuch that thesahsotbipg Bisans Isaed rrelFlR aptgm pfcthe opfigal
absorbi ng means nmay be arranged in_any way. In an
axisybptiathen formrs & s hayime 3 iFculanr ssid siprlagiaging pa qng surface
arranged in one or nore radial planes, optionally
ofdhe mgtifﬁgalfqpéﬁ‘\‘ltdﬁfl(‘@pﬁ'?@!aq thaw the radiys gn theppppsite surface of the
enbodi nent, the absorbing neans are arranged in _
multifecahoptical devicesIrtiis way.a patighehdvieg an gopiaetefl lens will see
cylindrical |ike shape, optionally centred about the
omdphitltallingxif obstrugtedivisivnt Adterhasivelyd saidibdoniring mearisgnay be
absorbi ng neans are arranged in a conical shape or in
arfangbd jrea plaoct pataliel tohthe aptcal bikisg Optmnslly,saitoparpidel absarbing
to a plane of the optical axis, but rather forns a
me®iids franspatend ot semistrarsparens @nmorx them hboutaagious 062586 0%,
surface of the multifocal optical device greater than
50%.660°% 07995, I0V tahe@ 96Ppediht eisible lighespettrudneso as to minimise the

region of vision obstructed from the patient.

[0038] The absorbing means may optionally be arranged in a geometric pattern within
the multifocal optical device. In a most preferred embodiment, the absorbing means
is arranged to separate the lens zones. The absorbing means may be arranged to
absorb incident light non-uniformly, including absorbing a greater pbrtion of the light
which passes through the lens and is associated with vision above the plane of the
Earth’s surface. By absorbing an increased incidence of light from, for example, the
horizon, sky or the sun, artefacts such as glare and/or halos are reduced. As a

patient’s neurological system inverts the image formed from light onto the retina, in



mul ti focal optical device. In this way, a patient
having an inplanted lens will see only a thin line of
wobsrnumved vision. Alternatively, said absor bpODpusBmaness2s
may be arranged in a planagéparallel to the optica
axis. Optionally, said parallel absorbing neans is
transparent or sem -transparent to nore than about any
one of. 25% 40% 50% 60% 75% 90% and 95% of the
visible light spectrumso as to mninmse the region
an @Eﬁaﬂmﬂ egibodnfbhttHe@BsdrbRIE thédhsRAdy B hrrarlded I8 AbsUiB a greater
absor bi ng neans nay optionally be arranged in a
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device. In a nost preferred enbodi nent, the absorbing
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ortion of t light at the bottomof the |ens, n.
halgying, Wurriag anr getonr finges ate morglikely fopecyr wrﬁ#é@% having a
_refractive properties of materials can be adjusted
highhangle,Af 1KiAEHES in tenperature. It will be understood
Qéua person skilled in the art that in producing the
(09043 Tt cqunterpetdBessoptigylaberrations, Aae pemorgaurfaces ohthe ggtical
a single or multi-focal optical device, the lens wl]|
lenises, dens 2pmes apdfpr hystantegior eppeenigrsusiacesonfithe singlerormythi-focal
[ 0040] The refraction of light having a high angle of
optipdidteireecan begpated asingkanwnithintfilnhgedtingsa smal | angl e
of incidence. As such, optical aberrations, such as
[0942]rle,a priferdregnbadirent] thg indak/ afirefra¢tomroffanysyels tham ayer

nore likely to occur with Iight having a high angle
shotfildibecipgendmately equal to the square root of the index of refraction of the

dptical lens, lens zones or optical device. However, material of any refractive index
may be used. The index of refraction can be varied so as to result in destructive
interference of any portion of the visible and/or non-visible spectrum. In a preferred
embodiment, the thin layer coating has a thickness of between 130 nm to 145 nm. In
a more preferred embodiment, the thin layer coating has a thickness of about 137.5
nm. In an alternative embodiment, the thin layer coating has a thickness of between
87.5 nm and 187.5 nm. It will be understood that where the IOL of the present
invention is to be used to reduce optical aberrations at the blue end of the visible
spectrum, a thin layer coating of between 87.5 nm and 125 nm should be used. -

Alternatively, where optical aberrations at the red end of the visible spectrum are to



[0041] To counteract these optical aberrations, one or

nore surfaces of the optical |I|enses, |ens zones
w@peh7ar74vhe anterior or posterior surfaces of PE&EUS2007/008328

single or nmutli-focal optiical device can be coated

usi ng known thin-filmcoatings. [0042] In a preferred

enbodi nent, the index of refraction of any such thin

| ayer should be approxinmately equal to the square

root of the index of refraction of the optical |ens,

be Ir&fited AN BerOgiatifig of Betrezh 1 SbiRMEMAN 8 7%k lshahld Ve WBEY. In a
refractive index nay be used. The index of refraction

mds8Prelf&iretPdnhBslimen St the ikatbh, d EorRiSsundYRiIti¥seal optical device
interference of any portion of the visible and/or

ha$ ﬁﬂé ¥ mbR RirRRE EbtiRgs i oftichhRY, 1R or GRS %ﬁi’?x%sahabﬂx%

In layer coating has a thickness of betwee 0O nm

t
dir]‘fé}ex]t‘lﬁn{‘fﬁ‘iclén@sshe@. nore preferred enbodi ment, the thin

ayer coating has a thickness of about 137.5 nm In

ter ' ' [ [ S

(063) Ao et EmBRARAN st chltfng 13 hnin e STOR oREBEEY

be unde stn%od St p‘ﬁt a\/\h&g‘e the J 9 aOfbetaheliF’é gsent ita :
mIERGRRE BIPTYE- SgihmageirT JUPEdE meY fsapelird Bp apy syifablgmeans,
. gt th | ue.end qf t.he visible .spectru athin |la .
indhisibe y sposiS ol 195 wheiim of paSBE AL fnied' Blfipodf Feposic

Al ternativel wher e ti.ca berrations. at_the red.
iy SRl eppiieon SR il Bsthis TRSOToT) e Apsolie

PCT/ US2007/ 00832 17 be reduced,. a thin er. coati.n
(refractiys idex, °ggdin?‘h?fh alfernative embggliment pay o .af?rﬁm§““°‘93d

npst preferred enbodi nent of the inven‘(ﬁiaon,_ a _cqmpound
coptingsip g combinedayitya fhiganetpLlayerfermed Hpmanigkgl chrpmipm,

coat i n(gﬁ_ and, optionally, two or nore coatings having
Inepre} andlNichrome (3 matariah saraprising gubstantiglly nigket grd ghyomium).

enbodi nent, such coating is a thin layer of, for
Whilaitp$ eonterplgtrssthatsiivenand alamimamicandiprissd imthe|nresentie

may be applied by any suitable nmeans, includi n% by
invknbiosi it ischegassery thatjthethindayers be Bepastigd vhifermlypdiliemoptively, a

solution or deposit. Further exanples include silicon
thiohi oatabley ¢ affthigknéss édéntigalktoghatlof4hs thimhyersyoitlined above may be

(refractive index of 1.4). In an alternative
usedrblode oeoh pnanymofe opticahlansdepnzomenedoptic device.

[0044] In a further preferred embodiment of the invention, the lens assembly includes
a material suitable for decreasing transmission of UV and short wavelength blue light.
Such a lens may also optionally include a yellow dye, such as Eastman Yellow 035-
MAL.

[0045] In a preferred embodiment of the invention, the lens assembly can correct for
spherical aberrations and the chromatic aberrations as defined by a model eye.
Spherical aberrations of an eye are usually between 0 and 1.5 diopters, while
chromatic aberrations are usually between 0 and 2.5 diopters ("Optics of the Human
Eye" written by David A. Atchison and George Smith). In a preferred embodiment of

the invention, the lens assembly corrects for up to 3 diopters of spherical aberration



coatings can be conbined with a thin netal |ayer
formed fromnickel, chromum |Inconel and N chrone (a
wordeniale conpri sing substantially nickel and PCT/US2007/008328

chromun). Wiile it is consenplated that silver and

al um nium can be used in the present invention, it is
necessary that the thin |ayers be deposited uniformy.
Alternatively, a thin nmetal |ayer of thickness

identical to that of the thin |layers outlined above

andBY up € 5 \WSiHed 0P RroRRatiRMbeRBHEH. Y RofPhlcfdHed &itodiment of
| ens zones or optic device. [00441 In a further

thepx'h@&ﬁfd'ne %@l@ﬁ?gés%my rrdcRSFol Y 8P ! ISQPOP J%eof4 ggﬂéncal aberration

assenbly includes a material sultab creasing

mgbﬁﬁﬁ%?%l(ﬁg Qfs (}f‘\éhﬁg}gat%h }q@;{el engt h bI ue |ight.

ens y al so optlonal include a yeIIOM/dye
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su et ween dio ters S O
polli 9%' aaiembﬁ% %ﬁmag & PhecBtiv e bt Bas
red enhodi rrent of the inventi.on,
m%ﬁv/ L2 &‘3@%&16 nbodiment dhe Fangpin grryayfeispRiisingpereased
spheri cal aberratlon WO 20Q7/ 117476 PCT/ US2007/ 008328
fefi%?“é(ﬁ Beyer sirh thatthg lensassembly foquseneRieets abwhorisr diskncespnto
a nore preferred enbodi nent of the invention, the
thq@ﬁ@aassenbly corrects for up to 1.5 diopters of
herical aberration and/or to 2.5 diopters of
1 dratmnest preferred pophodimypsdhe ICEL &f Srapresans envention israbig to
of the invention, forces acting on the haptics
inqreasg refsactiviepomen svl@sgemegi te thet ipamjabromptessive faycesnf the
shape of the lens assenbly to produce, for exanple,
zopglph ailiariy nyustles cextramsi¢ morselas ef the eybcanyaghiangesah vitriol pressure.
curvature of a portion of the | ens assenbly). Such
Subhikgmpressive figess tdselt guasphemicity of the fhens| assesnblysisdmging objects
In a preferred enbodi nent, the change in curvature
clasestl drdfurther aveayefisradhe patient into focus.

[0048] In an alternative embodiment, the haptics are arranged to act on a first portion
of the lens assembly, for example a lens zone or optical lens, such that the first portion
. of the lens assembly undergoes asphericisation to a greater extent that a second
portion of the lens assembly. Optionally, such an arrangemen-t results in a baseline
refractive power due to the second portion, with a variable refractive power due to the
difference between the refractive power of the first portion when the muscles of the
eye are relaxed, and the refractive power when the muscles of the eye are exerting a
compressive force on the haptics and therefore the first portion.

[0049] In a preferred embodiment qf the invention, the asphericisation of the lens

assembly increases or decreases the refractive power of the lens by at least any one of:



refractive power such that the |l ens assenbly focuses

objects at shorter distances onto the retina. [00471
wopooa/1mmasé preferred enbodi ment, the | OL of theCcpusmentoss32s

invention is able to incraase refractive power when

exposed to the normal conpressive forces of the

zonul es, ciliary nuscles, extrinsic nuscles of the

eye, any changes in vitriol pressure. Such

conpressive forces result in asphericity of the |lens

1, 253018l §, 7,1 bn@li 1odiepiees:t b a MbRASHrefdrRd@mbodithB®] thavay
“fromthe patlent into focus. 100481 In an alternative

asPRERRSaIER b tHel16nd BBEMES 1651%& ROl ?&&e&ff the fenk B at
portlon of the I ens assenbly, for exa | ens zoné

leefg{ 2% S TS rT‘Iol+ & hore %&Tw%bé] ﬁ'xeﬁﬂ ltf2d ﬂéttlélgaﬁloncgf tfxp fens

ens y und rgoes asp er|C|sat a greater

as%ﬁbqg n Es ﬁxeﬁ'ﬁﬁ‘&gﬂ'e lﬁ%%etr 'o?ﬂneqf;:né tf?tlggs? 2%3‘ gglt less than 5
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n e,.mus of th
priffapd Fpo Gt ipe BSTRTE R o %ﬁ??l}feasm%r%%crg%as the
éherefore tgﬁlflrSt ort# 4d{00491 In a preferred
reRAHD GRS oo ﬁ’é“?% Eh? HORESispheri ci satl on of
the | ens assenbl ncr es or .decreases
(003 Inap; quoambqysler'nmeofa the nvgytion. 3 @a%?n 9 gbe deps asembly
WO 2007/ 117476 PCT/ US2007/ 008328 . 19 1, 3,.4, 5, 6,
may begrigig orsubstantiy lgmogr@e ogma e,ﬁ;gplétlm gqp@pxp@ganon does not occur
enbodi nent, the asphericisatjon of the |ens assenbly

oridees BOfNSEUT teanrextqns suehy hapsRinCEspse predacEaqse jyrefactive power is
l east 2 diopters. In a nore preferred enbodi ment, the

legsghare® Seliepteisodn sich sreernbediment shekypgics nEthedSdsmpybe
refractive power of the lens by at |east 2 diopters to

arfanged tohawh of theldefpiraatde portioa dfithe leos, fonexample by positioning the
enbodi ment, the asphericisation of the lens assenbly

haiptics dseia thehsmmeepllaae ts the deforerabld pdrtien betiotithe §anverpléne as the
to 2 diopters. In a nost preferred enbodi nent, the

rigid jph subseinsiall  aon-adkfdrivablegpistians.s AnisIcpniemplaed dmt bivh a ri gid or

substantially non-deformable portion of the lens may provide a minimum refractive

power, while the deformable portion will provide accommodation in response to

compressive forces acting on the IOL.

[0051] The rigid or substantially non-deformable portion of the lens may be

configured for placement against the posterior capsule of an eye. Optionally, said

rigid or substantially non-deformable portion of the lens may reduce the optical

effects of an ocular aberration, including astigmatism.

[0052] The lens assembly may further comprise a stiffening layer that is stiffer than

the deformable portion. In a preferred embodiment, the deformable portion is

disposed between the stiffening layer and the rigid or substantially non-deformable



refractive power of the lens by from2 to 4 diopters.

[ 00501 In an optional enbodi nent of the invention, a
woosiion7ef the |l ens assenbly nmay be rigid orpCT/US2007/008328

substanti al |l y non-def ornablze, such that

aspherici sati on does not occur or does not occur to

an extent such that any increase or decrease in

refractive power is less than 0.5 diopters. In such

an enbodi ment, the haptics of the ICL nay be arranged
poktiorf ¢h sedh éibodifident, ddcfofidbie portioh rhiiebéd Riade of #first material

exanpl e by positioning the haptics to be in the sane

anfl Itk Qiffshidd Rysiehay B8 MaAe P htseedhdarhteAial Tk Recon®iBplRicd At the
as the rigid or substantially non-deformnmable portion.

refrfictive ifd¥X GINRL atRemhbIa] s%de H95id /%n-cfew&%mm pHtibas

non- def or mabl e portlon of the | ens may provid

neld RbBERdeRfidACt i ve power, while the defor rrabl e
portion will provide accommobdation in response to
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PCT/ US2007/ 008328 =20 partion. In such enbodi nent, the
extraddp thaiecumferangial ¢dgg ofdhedQfe by suchranembadiment; the

and the stiffening |ayer nmay be nade of a second
defigrmableportipp may beqmyshape ee discpased gheve, inglyding rieular, oblong,

i ndex of the defornmable, stiffening and rigid /
torusnsesfif (orua Fiangplor.tstases any ether geempleicishiape.  locd prefened 31

In an alternative enbodi ment, the defornable or rigid
enpiediments theedeférmablreportion ipa centrah ciredlpportion t dither hawing a

providing a volunme into which material fromthe
centre point located at the optical axis or otherwise. In such a preferred embodiment,
the diameter of the deformable portion is at least 2mm. In a more preferred
embodiment, the diameter of the deformable portion is from between 2mm to Smm.
In a most preferred embodiment, the diameter of the deformable portion is greater
than Smm.
{0055] In a.preferred embodiment of the invention, compressive forces act to
aspherisize a convex lens. However, it is contemplated within this invention that
compressive forces may act on a lens with a concave surface so as to collapse the
centre portion of the surface, or act to aspherisize a convex lens located towards the

posterior of the IOL and the eye, in both examples so as to decrease the refractive

power of the lens, in accordance with the ranges discussed above.



def ormabl e porti on may expand or enl arge when the
deformabl e portion is defornmed. The relief portion
woRy7aomps i se at | east a portion of a peri pherpCcBDS2D7/008328

the deformable portion andior one or nore voids

within the deformabl e portion. 100541 In a further

enbodi nent of the invention, the deformble portion

does not extend to the circunferential edge of the

ICL. In such an enbodi nent, the deformable portion

[005%] 1R prBfere dRDdodBfierdliof BSHOEn R ¥6mptdisibH Sif BEE haptics or an
circular, oblong, torus, sem-torus, triangular, star

in@Easd Y vRAtiDEpreSRRORIhItSinSha lﬁ%.nsl!a{i‘o@o%%fl&{sra%gemlrly from the
enbodi nent, the deformable portion is a centra
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the inventjon, .conpressive forces act to  aspherisjze
o PeSHAPLD T PGS QLB FCrSe L VGG RS o AP Freleied
invention that ¢ ressive forces ct an a lens
e et PSSR A s lats By B BAS e reastio 4o
g&rtipn of the surface, or act, to aspherisize a convex
compressiog fthyhARiLS PHEN {nfEeasp i Visrplgressire. Hia a mpstagterrg
eye, in both exanples so as to decrease the refractive
embiogipenss thelgny assrmbly maywansipte fomy2 opm ¢, dmym fepwiard in reaction
di scussed above. WD 2007/117476 PCT/ US2007/008328 21
to ¢OMPB:ESipA OF they haplies evaninstraserinyitagl pressuien\RntiangHy, the
conpression of the haptics or an increase in vitriol
haptiessmay translatgithelens assembly by greater trangimmhio reantion to
assenbly fromthe unconpressed state towards the
compoessionfofahphaptissor an inceease in vidrickpressupd, pravddedsichsuleis
translation may i ncrease the refractive power of the
assemtdy lig/sufficieotlp bmall s@ asltwatadd dajpeging pressugfon the capsular bag.
translation. In a preferred enbodi ment of the
Optionally,iarsuch herdfemsd erabedilient, the diameter of the lens assembly is

equal to or less than the diameter of the pupil of the patient, when maximally dilated.
[0057] In a preferred embodiment of the invention, an aphakic IOL lens assembly
provides between 10 and 40 diopters of correction. In a more preferred embodiment,
an aphakic IOL lens assembly provides between 15 and 30 diopters of correction. In
a further more preferred embodiment, an aphakic IOL lens assembly provides
between 18 and 22 diopters of correction. In a most preferred embodiment, an aphakic
IOL lens assembly provides between 19 and 21 diopters of correction. It is
contemplated that a person skilled in the art can determine, using wavefront
technology, pupil diameter and the natural lens size and shape, the diopters of

correction required in an aphakic IOL for each individual patient.



may translate by nore than 1.5mm from an unconpressed
state in reaction to conpression of the haptics or an
wop@yaasies i n vitriol pressure. In a nore prefepCEUS2007/008328

enbodi nent, the | ens assenl2by may transl ate by nore

than 2nmin reaction to conpression of the haptics or

an increase in vitriol pressure. In a nost preferred
enbodi ment, the | ens assenbly may translate from2 nmm

to 3mmforward in reaction to conpression of the

[0658] tTh @Spréferr@d ehiboHRAST of theinlErtfIn, RPRISIEIOL lens assembly
Optionally, the haptics nay translate the |ens

pr@ﬁé@éﬁétw@éw 1 WED afolgﬁé}@ Bf S8Piddtidn’ $4GhdHe é)&'éferred embodiment, a

conpression of the haptics or an increase In vitrio
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correction.. In a re preferred enbodi npnt, an . .
Peﬁﬁnégﬁl@drw‘a EheAn (LIPS YSHsY 9Bt terbReogY Bl digmeter
di opters_of correctjon. In_ a further nore preferred. .
and the patihlens sige aﬁﬁ share, theydiprtsts of comReiqn ssABNFdjins? phakic IOL
between 18 and 22 diopters of correction. In a nost
fopeachdndixiguahpasigntrent, an aphakic 10L | ens assenbly
rovi des between 19 and 21 diopters of correction. It
[0039] Iagnialispiative embrdimentfbe gbevesiangesqovided fier both phakic and
det erm ne, using wavefront technol ogy, pupil dianeter
aphakic IQb dienter pdwdérens beiineseaned os degreased by any opeofsl.d% 3, 4, 5,
correction required in an aphakic IOL for each
6, Tn8li%il@uhl, 12al 3.6tk 15)40,20078,110720521pC2/ 28520025 (26 32328, 29,
22 [00581 In a preferred enbodi nent of the invention,
30aopsdkioptdriud @roptimskahentationpinca/patiest’s eyeverdud toauplitiadnic
di opters of correction. In a nore preferred
suffebp di disedse, includimgdbut nbClimlited so:alnnegb ity thercoviag EASIK
between 2 and 15 diopters of correction. In a further

sufitr g, K SEK saakrg Thglhint®itn, offorigkbadiedIncludiis: leass by
provi des between 5

presence of one or more phakic or aphakic IOLs and/or the presence of an ophthalmic

device.

[0060] In a preferred embodiment of the invention, the diopters of correction
provided by the lens assembly is altered according to the plane of focus desired. For
example, where a multifocal lens assembly is used, a near focussing lens zone may
require an increased diopter of correction of any one of +1, +2, +3, +4, +5, +6, +7, +8,
+9, or +10, relative to the ranges outlined above. Similarly, a distant focussing lens
zone may require a decreased diopter of correction of any one of -1, -2, -3, -4, -5, -6, -
7, -8, -9, or -10, relative to the ranges outlined above. Lastly, an intermediate

focussing lens zone may require a decreased or increased diopter of correction of any



and 10 diopters of correction. In a nost preferred

enbodi nent, a phakic 10OL | ens assenbly provides
whedoraern7é and 8 diopters of correction. It i SPCT/US2007/008328

contenplated that a person3skilled in the art can

determ ne, using wavefront technol ogy, pupil dianeter

and the natural |ens size and shape, the diopters of

correction required in a phakic IOL for each

i ndi vidual patient. [00591 In an alternative
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and aphaklc | oL dlopter power can be increased or
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orghakigIPLsocussing 1 ens zone nay r eqw re a decr eased
di opter of correctjon of any one

[0061] In@ prefepred egnbodimeny;of | ﬂl‘b‘“"?@!%’b ﬂw%w%maﬁ &eeslens
outlined above. Lastly, an intermedi ate focussing
asseaphly P aslefprnablapartien themaf ingreasgs die dlﬁeﬁe@aﬂsfé@rrapm By any
of correction of any WO 2007/117476 PCT/ US2007/ 008328
ong®dfdrie+df +3,5:4, +4, +6,3;7, +8, +9 or +10Q diopgers.+ B a more pwferred
relative to the ranges outlined above. Simlarly, in
emsboglimgnte the asph¢résation o thgrienst dssernbliyfor mateferninblepartion Heereof
hi ghest diopter of correction and the | owest diopter
inotases thedivptens ofigortvretiop by enBoneloHPSdo $; 0lSrtoa; 0.5 to 15 0.5 to 2;
1to2;1.5t02;1.5t03;21t03;2t03.5; 2.5 t03;2.5t04;3t04;3t05;3.5t04;3.5
t05,4t05,;4.5t05;5t06;5.5t06;6to7;6to 10; 7 to 10; 8 to 10; or, 9to 10
diopters, relative to the ranges discussed above.
[0062] In an alternative embodiment of the invention, the aspherisation of the lens
assembly or a deformable portion thereof or the collapse of a concave portion of the
lens assembly, decreases the diopters of correction by any one of -1, -2, -3, -4, -5, -6, -
7, -8, -9 or -10 diopters. In a more preferred embodiment, the aspherisation of the
lens assembly or a deformable portion thereof or the collapse of a concave portion of

the lens assembly, decreases the diopters of correction by any one of 0.5 to 3; 0.5 to 4,

05t01;05t02;1t02;1.5t02;1.5t03;2t03;2t03.5;2.5t03;2.5t04;3t04;3



preferred enbodi nent of the invention, the difference
bet ween the hi ghest diopter of correction and the
wo oweat74dé opt er of correction is between from BCT/US2007/008328
diopters to 20 diopters. 2 a nore preferred
enbodi nent of the invention, the difference between
t he highest diopter of correction and the | owest
di opter of correction is between from 10 diopters to
15 diopters. The average diopter of correction of a

to Bf 981t8A$ 8520 /5¢A30 SMAY tBS; 3RY 6983 t86; b6 7v6td I8, 7 to 10; 8 to 10;
outlined above, including those with respect to

or 2PRAI0 diopfs, Phati ol thb Sanged Bf3ddsskd above ef erred
enbodi nent of the invention, the aspherisation of the

O e A B, AR e e
wssHneLy 5 1 PEorRApIE poroh wbfeor el e SRl RO B S g ony
onb 3 SSEPELA, 5, 40950 P4THOLE, AR A S0 ey
e e gl Bt igis hagnbl  ageloshBbic ool ot
ingsacks b onragtfmiends Byanfors o5 o0 16541 Ol 1383% 2

1 5002 1% ko P D0 BB ot FOH: 1 R TP bR 4 3.5

the a risafion of the |leps assenbl r
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.concave portion of the |ens assenbly, decreases the
digptersy ifadivstto e rnpess Bscussedadpvene of -1, -2, -3, -4,
-5 -6, - 7, -8, -9 or -10 diopters. lna nore )
10964 laraRsfead sEibedHRentof sheeriiqns the IQL isampianted isfasthe eye
assenbly or a deformable portion thereof or the
of agiatigpidn eherthe anteaipe chasnber o thyf cye: (phakiel, or thesan#lgr bag of
decreases the diopters of correction by any one of 0.5
the eyegto replgce thespatural 1§ns (mphakig). SWhen Implanted igto the gntegor;
1.5to0 3;, 2to 3; 2to 3.5 2.5to0 3; 2.5t0 4; 3 to
chdmbgr, We 0 Fdr Ue7gasitiorety indamd ¢f @86 2.3 r betveen3h@irk andi; the
3. 5t 05; 4t 05; 4. 5t 05; 5t 06; 5. 5t 06; 6t 07; 6t0 10; 7to 10; 8to
capSiflar g, 9 to 10 diopters, relative to the ranges
di scussed above.
[0065) In a preferred embodiment, the required incision into ocular tissue is

minimised by folding, including double folding and triple folding, and/or rolling the
IOL. In a preferred embodiment, the IOL may be rolled into a cylinder like shape.
After implantation, the IOL is allowed to or manipulated to unfold or unroll. In a
most preferred embodiment, the IOL is positioned such that the lens assembly covers
at least a portion of the optical axis.

[0066] To facilitate the transmission of fluids and/or nutrients about or through the
IOL, including from the anterior to posterior chamber, or from behind the iris to in
front of the iris, the lens assembly may comprises a plurality of holes and/or openings.

In a preferred embodiment, such holes or openings are disposed at or near the



100631 In a preferred enbodi nent of the invention, the

translation of the lens assenbly or a defornable
w@oooritoma7é her eof increases the diopters of corprPerUSTNT008328

by any one of +1, +2, +3, 284, +5,+6,+7, +8, +9 or +10

di opters. Ina nore preferred enbodinent, the

translation of the |lens assenbly or a deformable

portion thereof increases the diopters of correction

by any one of 0.5to 3; 0.5to0 4; 0.5to 1; 0.5to0 2

pex:k?ﬁé?; of gt%egl'éﬁs’)- ass$m§l}I %” mzb?éor%tl Q%bgd%%é% ot%g zraﬁgrﬂfgm B‘?s ,

ffg&eé bg%ffsgttﬁg e Ie%s Ja.gs 1); ot g&’é{oﬁ ofthe %Eerbo% v&t'a(?l c;]the eye

I opt ative tO € range I SCUSSe

or [;%%gﬁ% b%ig‘p ?}égﬁ):%@{r&f Qmﬁﬁig&%bg‘%ﬁ‘é & é:g(?orl %’e%?rﬁg's%% &nei‘cate
R T

e an rior
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g BoIF éE&’)é’éRPB‘E“% OBl A S B PefarloF o pteior

iris and the capsular bag. [0065) In a
sm% ‘g%ﬂﬁhggnbodinent the required incision into
n|n1sed by foldin i ncl udin

I
l"%@iﬂgr@n}a' ﬁgﬂ%m& the pyEsent Bvaptien. aaﬁ ‘f%’ra“ido‘F‘IFI l.2he

In referr odi hent, the be rol | ed

lmrwslaalwaﬁmlyﬂ Recl%ﬁelens pgtigR le—p PafiE A 2stenging along
QL is allowed to or mani pulated to unfold or unrol].

anoptigal AP ARCEVEFT FHAFRRIARHSAL Surfare anda ppsteriprenticahumface.
such that the | ens assenbly covers at |east a portion

Theflenshi2 ofithe dQL hagiagircpmdaentiat ¢dge 8i(dispesed abput the optical axis
transm ssion of fluids and/or nutrients about or

OAataughctidreof anterioriand [pastierigr optinal surbacgsitreilons 12bhas two pairs
posterior chanber, or frombehind the iris to in

of bpposedpflexihie laptiss 14Acl 4B and 4 §4¢ BB yextemgingoftpmicirgsmgerential
plurality of holes and/or openings. 1In a preferred

edgaBofliopeai 2. Thechaptics estend alopganngsociated bamipoxédHaAt haptic 14A
near the WD 2007/117476 PCT/ US2007/008328 25

exfparls ploaghapfic axie HA4Aahaeithl 48 exitendaral ey haprialaxis HA-148,
enbodi nent, the transm ssion is

haptic I5A extends along haptic axis HA-ISA and haptic 15B extends along haptic

axis HA-15B. In the illustrated embodiment, each haptic axis HA is coplanar with
optical axis OA in an associated haptic plane. In other embodiments, a different
number of haptics may be employed. For example there may be N haptics, where N is
an integer.

[0068] Each of the flexible, haptics 14A, 14B, 15A and 15B are flexible and "loop-
like" or "paddle-like". As used here, the term "loop-like" refers to a smooth, curved
portion of a loop, for example, having a "C-shaped" or U-shaped peripheral edge,
with uniform or non-uniform width. As used herein, the term "paddle-like" refers to a
solid element (without a central aperture) bounded by a C-shaped or U-shaped

peripheral edge. The haptics extend between end ﬁortions thereof which are joined to



effected by offsetting the | ens assenbly froma

portion of the interior wall of the eye or capsular
whag71im7@ preferred enbodi nent, the hol es andpoOr/Uus2007/008328

openi ngs communi cate wth2both the posterior and

anterior surface of the 10O.. In an alternative

enbodi nent, each hol e and/ or openi ng conmuni cat es

with only one of the posterior or anterior surface of

the ICL. [00671 I n one enbodi nent of the present

lerisM2eit b @Riat@PpdrtibBS b éit Rnferentibledge 8 For bXHnisIo KHpHE 14A
| ens assenbly 10 includes a |lens portion (the "optic")

exfoAd SBEIRREh BY- B O BEd ERD 48 ldxEdldind1ond RaptRaARE FLAN4A.
anterior optical surface and a posterior optlcal

[o@w] fIRGR illuifftel efbodim&ts bheId.GL t\bsiaﬁ\s &f W@ ifRR1Y1&8! 100p-
edge 8 (di sposed about the optical axis

thell'nQ idsQlte %ac@&‘e&ﬁh?s‘ia:ﬁ%x&‘&%?&hhﬂéreﬂgél' ??L 3t EﬂE §2. This

ens 12 has two pairs oppose exi bl
A i Pt ol LR e gt
twgyb@% s%a%(?‘%'@eaﬁ'ggﬁ?@ﬁ%v%%&%&%ﬁ ! m‘i&fﬁﬁit Ggignon-
cafjgfithy aﬁﬁégm%%%ﬁ%ﬁ‘ﬁg picRehiaferd faéﬁé%eeé;?%ﬁ%dﬁ%%hn@
nafip s Tikioee EIOP SEES I, et SR AT eI Riaker oy pe
ot e P AR R SRS Y RGO o1 Bgiregients, o
PR OO A B Re PRt | co 144,

14B, 15A and 15B are flexible and "I oqp- like" or
[0070] s Ehawricie FIGAA  the dntrageular fens assmhly |186$F‘P‘il%é‘ first pair of

refers to a snnoth curved, portion _of a | oop
haese%’;ﬂfb 14Bextengling Fromseppesite pertions of aﬁw%&qtﬁh@%ﬂ 8 (ina

ed wi th uniformor non-uniformwdth. As used
plam@r iatong #reassesinted Sixstdiaic 9f haptic puescH A- 144, F1ASIAB and a second

el ement (without a central aperture) bounded b¥¥ )
pag-ofthapes bYA,USEheisentding &ionpeppasite pagions Pheir¢lupierential edge 8

extend between end portions thereof which are joined
aleng AN 206 ted $3con@ PRETOAUBRO0 AXSUBBAS A, BBA-15B, wherein first pair of
haptic axes and optic axis OA are coplanar in a first haptic plane HP1 and wherein
second pair of haptic axes and optic axis OA are coplanar in a second haptic plane
HP2. In addition, the first haptic plane HP1 is perpendicular to second haptic plane
HP2. The haptics are angularly displaced with respect to optical axis in a direction
away from anterior optical surface by an angle A from the plane P transverse to
optical axis OA. Preferably, the intraocular lens assembly uses an angle A with an
approximate range of 4-7 degrees. It should also be noted that each haptic includes at
least one footplate FP extending therefrom symmetrically about its associated haptic

axis HA. Alternatively, each of the haptics may not include any footplates extending

symmetrically about its associated haptic axis.



|l ens 12 at associ ated portions of circunferential edge

8. For exanple, haptic 14A extends between EP-14A and
weEbBbotAB47€xt endi ng al ong haptic axis, HA-14A. PODESH0T/08328

the illustrated enbodi nent27of FIG 1, two pairs of

opposed, flexible, loop- |ike haptics are spaced

equi di stant around circunferential edge 8 of optic 12.

This symmetry provides the confort to the patient and

stability of the lens. Alternatively, two or nore
[06TXQ[Edch hapti irRkidel M faiplats FPedktafling taRhREidAlly about its

differently spaced, non- equidistant points or

as@R VAR dpticalklyHAN whefd NGY Zh %t?%ér!%{:at@xdlﬂﬁn 9. YRGB iment,
| SG

along haptic axis HA, see F I'n addition,

M%&@al? i, Mfeendtvely, Bhéh HERE ihglg[f%?bﬁ()t ipkachgd foot?lgtﬁs. In

ependi ng upon t'he 1 ndivid anatony or” vis

avi 0 ) : e
FIGRAY pEFTRL L Lo latE P BhE B AR TR of Andifaf kALY Lotk

e 0 i nal | I air, of ..
habff FAC BB S 505 S ke bl A8 fed WG Eabn Rlocic

[ renti e 8.(In a | ane .R) .al ong.

145 138, G135 o ataBpicl B B RhoiplafAitflen p-148,
a ai r_.of hapt.i 5A, .15B extending fr
RS R Tt BRGS<Sr VB P L b BRE i S0a5ete P Ay edA-19A,
ciat se [ r_of haptig. axes - 15A,, HA- 158,

HANIBEHA-iA SR, . o Qe BRbdicBetEs, theiponey bt
are copl anar. i firgt haptic plane HPlI. and wherein
fogipausipn st dspoted abalt tip assOBRIEC haptis S Hvay of
copl anar. in a second_haptic plane HP2. In addition,
exgmgle; V?%?“Srfaﬁil’?f’ée PRfteirafonsi ase RO G- arh-bb Neteolipne
haptic plane HP2. The haptics are angul arly djsplaced
embodinentsthe configurghensmpy 89S Raveqny footplates. Yshouldalsorhenated
anterior optical surface by an angle A fromthe plane
that fpetpladgsdils ercseferbly leaticylar-shapad iperosesegiiop to gHew for
i ntraocul ar | ens assenbly uses an angle A with an
miappaleentast withdheeyastrupturesiggtipeedde the rehuinedistabitity foe the -
noted that each haptic includes at |east one
defioest yikurl gesobis e KIGR AP AP R dnalr Hfshow legprbikce haptids, whatedlGS. SA-
Its associated haptic axis HA. Alternatively, each of
5Q stwvhempforoswidth hapticsi andIHIGS. aBy5G she winehemifexmendihnpptics.

symetrically about its associated haptic axis. WO
FIGOOH/shd w4 paddeETikedapaas. 008328

[0072] FIG. 2 shows an intraccular lens assembly, similar to intraocular lens
assembly 10 of FIG. 1, along plane HP1 defined by optical axis OA and haptic axis
HA-14A and HA-14B. Optic 22 constitutes the optical portion of the lens assembly.
The optic 22 comprises an anterior optical surface 24 and posterior optical surface 26.
The combination of surface 24 and surface 26 may result in the optic being
substantially planar, convex, plano-convex (illustrated in FIG. 2) and concave, bi-
convex, concave-convex, or other known form. The diameter of optic 22 can vary as
needed to accommodate the angle-to-angle measurement of the eye and curvature of

the eye. The overall length of the intraocular lens (optic and haptics) to be inserted



27 [0071) Each haptic includes M footplates FP

extending symmetrically about its associated haptic
w@z2003/1H476 where Mis an integer greater than OpCT/OSEIN®008328

enbodi nent, Mequals 1. Ai28ernatively, each of the

hapti cs may not include any footplates. In FIGS. |

and |A the footplates FP are integrally forned on the

di stal end of each haptic HA, preferably at the apex

of the haptic. As illustrated in FIG 1, each haptic

intbhh, in&ﬁﬁluaié&ﬁ;en@@ dyclizBetermlintdasy ARS8 Qhﬁtv@lﬁtcofbewﬁfte
foot pl ates FP-14A, FP-14B, FP-15A, and FP-15

méiseRARRHSHETHRL S Eﬂnml&nﬂdd%éﬁts@%hétﬁqlxag‘ a%tmﬁl optical
axi s HA- 14A, HA- 14 HA- 15A, and HA- I n ot her

sofdbodi nents, there may be nultiple footplates
symmet ri cal I y di sposed about the associated haptic

IR A g ey o
h
0080 50k RO S0 B BB e
EP ,
oo TSl SRR SRR o

rowdet e. required stabh t
s g% teined VisloReaeriegfiod ol a2 piax e e o0 ﬁu@m at
hapti cs, FIGS, 5A-.5 owunlfrmWI t
ce%ﬁ‘i ReFen 5\‘25@ earaaifransal ?&- Rf W’H’E Pﬂ"a"ﬁ“ smay Eﬁ“‘“e’
H.shows paddl e-1i ke haptics, [00721 FIG shows an
th%?‘F%’SbfﬁTe&Pa\ edgs 28 Inong gmbedipent, the %ﬂqlvffffSanamﬂa 22|13 gnm.
assenbly 10 of FIG 1, along plane HP1 defi ned
10974 Ta another smbpdimeatshifliefernng to FiGh 2 1@Ax@}ﬁjhwgi# and 14B
Optic 22 constitutes the optical portion of the |lens
extend drgin gircumfsengind edgo28 etmtrq 2%at aslighhangle oy fromed plane P
surface 24 and posterior optical surface 26. The
trapsydssetet the apbi¢al ayisfQde Vanltaistaraer ¥ derassgnblyy20rig dafined a5 the
the optic being substantially planar, convex,
hejght 06 thedrrass¢mblyuseasateddfrom aHing, QZ\)/hb;hds drammavaizoptally (as
convex, concave-convex, or other known form The
shdwa)rbe¢tereen foatplatas FP2 tacthe apex 29 af innee epiéchl surface 24 and along the
accommodat e t he angl e-t o-angl e neasurenent of the eye
opsingl axiy QAL uansglefA istihehecapproxihatoragalito 7 elegtees,afr nhdre, as
i ntraocular lens (optic and haptics) to be inserted
desired, to maximize accommodation of lens assembly 20. Preferably angle A is one

that, when in combination with the size and shape of the optic and the flexible haptics
and the assembly 20, and the anatomical angle of the eye, provides a 1 mm vault
distance V, although other vault distances can be used. The vault distance insures
adequate clearance for the intraocular lens assembly to be situated between the natural
crystalline lens and the cornea in the anterior chamber,

[0075] As illustrated in FIG. 3, there is shown an intraocular lens assembly, similar to
intraocular lens assembly 10 in FIG. 1, that includes a tab A and a tab B, extending
from the circumferential edge 38 of optic 32. Those tabs assist the user (surgeon) in

the identification of orientation of the lens assembly during implantation. The "left



WD 2007/ 117476 PCT/ US2007/ 008328 28 into an
i ndividual patient's eye is determned by adding a 1
wOooorhit4ee t 0- white neasurenent of the patientPCT/@g®07/008328

In one enbodi ment, Optic 229has a 6 mmoptical zone.
[00731 Optic 22 may be ground to the required diopter
nmeasurenents necessary for vision correction. The

| ens may be a negative or positive neniscus | ens and

may include correction for astignmatism Depending on

didghhal"Frienfdtiod DithRks &f shblig ifaer 5 aAs vitwefby atcsurféon,

requi red vision correction, optic 22 may have the sane

mal@zue Km%%e Rhs ags@mbiﬂs doPlekil ﬂnalznéadw&h r:ﬁéms Bsﬁ%'vahued-

edge 28, or central” portion 2 be thi nner

fo ?{rﬁuﬂfl@ﬁ QfUdoRthl (ﬁ'fj&l %?ls()éfgbmn Gz‘in? ?)\glgliﬁqﬂhl’cag P.ﬁat lens assembly

I ckness o optlc I'n"ano

fl bl
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e Afr
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angff offh G By o o i ttiple Jirpdionaartig P i e bpJoLIed i the

accommodati on_of | ens ass 20. Preferably angle A
optic hody. ataRy Poinkfir He; ﬂﬁxe'e}ﬁglﬁﬂ%qsp aihgijwtion@outs betisgn the optic
shape of the optic and the flexible haptics and the
sadhe floxibledingtics or aH of the abeveaRg devige eandedplded with single
provides a 1 mmvault distance V, although other
oryawtiplefolds alongseach dinsetioised. The vault di stance
i nsures adequate clearance for the intraocular |ens
[082ZeBuitable matssialsi forithed ensassembly aflibe inventien are solid, flexible,
crystalline lens and the cornea in the anterior
fotdablenanticall 607 biodegradablesnatetiald such & I dr@gels ¢ndlamer scollagel
shown an intraocular |ens assenbly, simlar to
(hiyditogelocallagen blends)assdirhpol ythers, polyi@thylmethaeatylata (PMMES) and
atab A and a tab B, extending fromthe
sili¢onepolyanant Tied leasigaedBlyoinap ptso be3dadeldfosemntpdsite af siatdrials,
the user (surgeon) in
i.e. where the flexible haptics are fabricated from one material and the optics from

another méterial, for example, acrylic optics and hydrogel haptics. Where the lens
assembly is used in the aphakic eye, flexible, but less foldable, materials may be
preferred. For example, for the aphakic eye, the lens assembly may be made of all
PMMA or a composite of PMMA optics and prolene haptics.

[0078) By way of example, the lens assembly may be made as a sterile UV-absorbing
acrylic foldable form, for example using the same material as the AcrySof. TM. IOL
manufactured by Alcon Laboratories, Inc. Moreover, in various forms the lens may be
used in the anterior chamber, the posterior chamber sulcus and the posterior chamber

bag.



the identification of orientation of the | ens assenbly

during inplantation. The "left WO 2007/ 117476
weeWBR007/ 008328 29 di agonal " orientation oPCT/S2007/008328

tabs is showmn in FIG 3, asoviewed by the surgeon,

indicate that the |l ens assenbly is correctly

inplanted, with the I ens being vaulted- forward. A

| eft-diagonal orientation of tabs A and B woul d

indicate that |lens assenbly 30 has been inplanted in

[oe7)aakey 44, Qphhr ShisRR RIS assenffly QD oFtife RVEARIT Bthlanted

enbodi nent intraocul ar | ens assenbly of the invention

is Efowitl 88 NG ferdidt dA8mbEt StaRL yd 93 l&ﬁ iﬁ%httem%tiﬁ ﬂ]&ﬁ%% t .nor

through small incisions, genera _
. G . . | ) .
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be. folded w i . . [ ; . . ‘
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assenbly of the inyention are sqlid, flexible,

(OBER §a81 Sot ¢ DL SrtendiBR insp daily o N et coBF Bafeon ey egent of
hydrogel .. col | anmer, collagel., (hydrogel-collagen .
namr%‘rrdzﬁtaféleﬁﬁwsc‘% Wﬂ*&%‘,cgeﬁdp mmm@e@kw 34, dhe relatively

(PMVA@@and silicone polynmers. The | ens assenbly ma
low|vayltiheighi of legs assepphiy, 3Q insuresthatdt degs iog contact cormgadde
the flexible haptics are fabricated fromone materi al
1093 InfdGo4B; an aphakig infmecer lepmassembly 49 of theimygptien is shown,
_acrylic optics _and hydrogel haptics. Were the |ens
implansedhinthe cappatag bag of He eygHakAdtemptively| dgjaphakic BOL of the
| ess foldable, materials may be preferred. For ,
inespdiopireay boimplanted i thiei sulouy of thelrye| bens asserablly|40 isgysitiened
made of all PMVA or a conposite of PMVA optics and
in gaprudardagd} bichind thORiEsH6 By cameadts. ekmpptie47 vfiasskmbly 40 has
assenbly may be nade as a sterile UV-absorbing
flexdhly haptidsot aluing with footflates ER {distat from optid 48, extemding into
material as the AcrySof. TM I1CL manufactured by Al con
anghRbpt. Jherelativellyiow vidbit eight of lefis ¥3emblis40 tisufes tie it dues not
may be
contact cornea 44.

[0081] In FIG. 6, the top view of an intraocular lens assembly of the invention has a
first lens zone 62 for intermediate vision; a second lens zone 63 for near vision; a
third lens zone 64 for distant vision; and a fourth and fifth lens zones 66, 68 for
intermediate vision.

[0082] In FIG. 7, the cross-sectional view of a compound multifocal optical device of
the invention through a plane perpendicular to the optical axis and the haptics, shows
a first biconvex optical lens 70, a second biconvex optical lens 72 and a third
biconcave optical lens 74. As discussed, these optical lenses may be supported by the

material of the optic 12, such as by embedding the optical lenses 70, 72, 74 within the



used in the anterior chanber, the posterior chanber

sul cus and the posterior chanber bag. WO 2007/117476
wEEWBR0907/ 008328 30 [0079] In FIG 4A, a phep&i/ws2007/008328

i ntraocul ar |l ens assenbly 40 of the invention

inmplanted is shown, in the anterior chanber of the

eye 43 and fixated in the angle 44. Alternatively,

the phakic IOL of the invention may be inplanted in

the posterior chanber of the eye and fixated in the

opﬁ@ qhe AlletRivaRS Bitfint, 48cdndl a‘?ﬁsﬂﬂrﬁ 8p&éhl 'd@wc@@?@ r720 I‘14 may be

chanmber C, between cornea 45 and iris 46

positioned over pup|I.48 FIeX|bIe
ﬁx%fd 5 S&’%hé{t GBwrs,

extend fromoptic 47, with footplates FP
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insures hat jt,does n ct co 0]
compResih foriRe, it lepk ety S rdrep ggg%m%v Bab e’

he |nvention nte he c psul ar
aefitmphls TG A gmbly LS shask o B & stk e Ao rmbly B6.
nvention i mpl ant ed i ulcus of the e.

W%ﬁ@nﬁ?@n&a {f tﬁ a?@%géﬁtm%dﬁ fqﬁ peprgieng ggvepywn in

behind the iris 46 and cornea 45, An o tlc 47 of
reaclion (o, FomBIss§ikE forepsagtingonthe haptics £2, 8% ong wi t h

foo{giates FP (distal fromoptic 47), extending into

| 4 mentioned abavethg intsrocwlar leas pssehblyat thefinyention can be

assenbly 40 insures that it does not contact cornea
usgfplly[ipphnted intothgeye as eitkertagpfresting rbakigrinirapquiasdenseassembly

| ens assenbly of the invention has a first |lens zone
or @ aphaki¢ inteappldr kene assegibiy; Phakicdpwaetulasdensaoplargatidrois

near vision; a third | ens zone 64 for distant vision;
beaoniing mmmdpuhm begduise bf theirsgawdrefa@ /e ap8 vismal results and

internediate vision. 100821 In FIG 7, the
becawse sheyere relatively easy tofimpland inpmostccased (Ziafdiea| & Ruicha.a86 Int.

device of the invention through a plane perpendi cul ar
Oplohdlh®].aflin. 47 -1a11(3926)¢ Nehkarinogital.c 54 J Fefnet. Surg. 272-279

(1998); Rosen & Gore, 24 J. Cataract Refract. Surg. 596-606 (1998); Sanders et al.,
24 J. Cataract Refract. Surg. 607-611 (1998). The implantation can be performed by
an ordinarily skilled ophthalmologist. Little surgical injury occurs to the ocular
tissues during such implantation. When the surgical quality is not compromised, the
results are highly predictable, immediate, and lasting.

[0085] Phakic lens assembly implantation ﬁsing the inﬁaoculm lens assembly of the
invention has advantages over other forms of surgical vision enhancement. Unlike
laser surgery, the implants are removable. The natural crystalline lens remains, and
the patient doesn't lose the ability to accommodate. Refractive surgery by phakic

intraocular lenses among patients with hyperopia is not yet as popular as patients with



a first biconvex optical |lens 70, a second bi convex

optical lens 72 and a third biconcave optical |ens 74.
wasoditsaussed, these optical | enses may be suppor/iusmobyoss2s

the material of the optic312, such as by enbeddi ng

the optical |lenses 70, 72, 74 within the WO

2007/ 117476 PCT/ US2007/ 008328 31 optic 12.

Alternatively, the first, second and third optica

devices 70, 72, 74 may be fused together (not shown).
mybBRSBAt primAHIG beBausd e SErERR s HRPBedsS AN 180aibng he

i nvention having two haptics 82, 84 is exposed to

(FRARR @351 24Y1) 9T CRralEROYLL SUrp! AL (1948)2 resul t of
these conpression forces, thé | ens assénbly 80
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hagith 3°rﬁeg%13ﬁ£r:ﬁmsz thes preveniane dis cpiHEyd slgm%?ﬁws ifting of the
cal., 14 J. Refract. Surg. 272-279 (1998); Rosen &
intgggplar bens frongys proper pe&feHct . Surg. 596- 606 (1998);
Sanders et al,, 24 J. Cataract Refract. Surg. 607-611
(00873 Iy inmplantatiae asperally O thedntraecylarleps assemply ofthe invention
ordinarily skilled ophthal nologist. Little surgica

can ggnerallyvee peréormediasproddedby (Jingh, sarediging Riph ology (2000)

i npl antation. When the surgical quality is not
hﬁp%wmmﬁpinc-h@wmmf@ng@emhgmswm:&r@/b| e,

i mredi ate, and |l asting. [00851 Phakic | ens assenbly
gathookaoplaktopicidsé6®): t he i ntraocul ar | ens assenbly of

the invention has advantages over other forns of
[0088] Flisg|the admbristeatioa pd dovahantibibtic dreps is begun. A useful antibiotic

=y

3.

is Tobramycin 0.3%, 1 drop, 6 times a day. Then, the pupil of the eye is contracted
with 1% pilocarpine drops, administered for example at 15-minute intervals, starting
45 minutes before surgery. Drops (such as NSAID drops) are administered 2 times
before surgery to minimize inflammation.

[0089] General anesthesia can be performed on the patient, but local anesthesia is
preferred. For local anesthesia, 2% lidocaine with 7.5 U/mI hyaluronidase can be
given 10 minutes before surgery. Orbital compression is applied to make the eye soft
and to reduce orbital pressure.

[0090] For preparation of the surgical field, the periorbital skin of the patient is

painted with iodine, then 5% povidine is applied. 5% povidine is also applied two-



| aser surgery, the inplants are renovabl e. The natural
crystalline lens remains, and the patient doesn't

wo eme/1thigs abi l ity to accommbdat e. Refractive sSPCTEs000h¥08328
phaki ¢ intraocul ar | enses3anong patients with
hyperopia is not yet as popular as patients with WO
2007/ 117476 PCT/ US2007/ 008328 32 nyopi a, but
primarily because such surgery has not been avail abl e
for as long (Fechner et al., 24(1) J. Cataract

thrEefifnRs to theUidimarg$n afd thtBJunciiVAF6ni &Rl TRer Rakéye ik WaShed
assenbly inplantation, the intraocular |ens assenbly

wifsalife invention is preferably located in the
anterior chanber of the eye. Follow ng the

[0G¥1R UQP{&@st%cﬁlﬂ?i’n! iRk iR '&xp&i_?ﬁ% bPineRafgila rﬁcicﬁg% g€ ?xﬁecgﬁ)wer

assennl’y invention can be either an angle-s

GO DSBSl 15 | b L kUl .

(A RO ey e BRI s FEIRERE, appliSl o B of

i nventi.on fixatﬁt{‘gg eqi%t'al haptic portions of the
ntt Y

the gyslids, i Heed {p AU &i'SPocati on and slipping or

rfting,of the .intraocular.l.ens fromits prope .

(O3 For B Ay mRaP ARGV ek Tn 568 Bty Gorir Al 06 mm) s
i ntraocul ar | ens assenbl f the inyvention can

maé’gﬁ%ﬁéﬂ zﬂgerﬁg C g?xpsrr ?@bs i Zecgpa\lﬁ ﬁ@lae%v%%?mfte li‘lmbus. As the
enedi Ci, ht hal npl ogy.. (2000 . . .

2APRS :W“f‘&gﬁﬁ%n@d? E‘?Pn?fjéeaoﬁﬁ’; 8@?’5%"& VYR Retiscaglartit,agrot cthesdppth

lem a?book=ophé&t opj ci d=662): [00881 First, the

of ‘Frg%r.fgﬂ“gﬁf ‘éf“offfgé‘Fe‘gﬁ‘tWitHP?c drops is begun. A
useful antibiotic _is Tobranycin 0.3% 1 drop, 6 tines

10093} dy onggmbodiment,fopimplgntating of the intragqylarlens asgemblyiaf the

~ 1% pi | ocarpi ne drops, adm nistered for exanple at

inventigh aate dhe exee fwe pide ports arq mgde tosinrpdugedhe pstryments that are
surgery. Drops g;uqh as NSAI D drops) are adm ni stered

used 1o fvethe ige tathe haptiere Mhetvwidih ofi the neision depends po the diameter of
[ 00891 General anesthesi-a can be performed on the

theimtriaeentlar lons ajsombly efiths investian (being ferf exammde, 4% mrh) cBhe
anesthesia, 2% lidocaine with 7.5 Umnm hyal uroni dase

ingisinn omy be made at the limbus or in the clear comnea. If a pocket section is made,

wound closure (see, below) can be made without sutures. The intraocular lens

assembly of the invention can then be introduced in the pre-crystalline space with

angled-suture forceps the lens is positioned, for example, behind the iris on a

horizontal axis with-a cyclodialysis spatula. The intraocular lens assembly of the

invention is then manipulated to center the optic on the pupil. During implantation of

the phakic intraocular lens assembly of the invention into the anterior chamber, the

lens is centered and fixed so that it does not slip out of position. The lens can be

positioned between the cornea and the iris, but avoiding contact with either to prevent

comeal damage, proliferation of corneal epithelium on the anterior surface of the lens

causing opacification, or iris. If the lens is not positioned properly with respect to the



given 10 m nutes before surgery. Obital conpression
is applied to make the eye soft and to reduce orbital
w@e@saunes [ 00901 For preparation of the surgi Bel/us2007/008328
field, the periorbital skimn4of the patient is painted
with iodine, then 5% povidine is applied. 5% povidine
is also applied two WO 2007/ 117476 PCT/ US2007/ 008328
33 three tinmes to the lid margin and the conjuncti val
fornices. Then, the eye is washed wth saline. [00911

pu?ﬂ' 18Y emedhashk amgl te aivsitted & thRFOOS COusPhg §MOUS WSb L difficulties.
eld. Upper and lower Iid sutures, as well as

Th%ll'ﬁSﬁésoéen'éﬁﬁ %ﬁ%@%ﬂ@@%t‘% ﬁnai.dr%ﬂ,ahmepuag@ thd aﬁt)éﬁor

specul um rel ess procedure can al so be 'used
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impfRTde is posiioBoa s iy 8F ht"ﬁ‘gp wRBBEETDn ! s oet he

,  two. side po are i.ntroduce. t
(0§ AsHahe incrangpias &Eﬁfgﬁ’%f of fe,Mydrdonss Emplgniefich
hapti ¢cs. The wi dth of the incision depends on th
wwah%étf%matmal {lﬁarquﬂqs%(detrpavceriéﬂ@ the S¥RBrRATSHiR éemoved from
i nvention (being, for exanple, 4-5 nm. The incisiagn
theraRtener apgrOSINOr Kambers gf thsreyevitihan asnitetion syrage (sueh as a
pocket section is made, wound closure (see, bel ow)
24cpavep sanmil®). Whe Hetaocalar lang gssembly phthedpvention is Sxed to the
assenbly of the invention can then be introduced in
antdrior purfacerafdheiris bieths hapticafithe leasgleachievafixation; thepaptic
the lens is positioned, for exanple behind the iris
hodds mfoldof thearis eh eithérsida efithe puyit| T anitgriirshepdevisavashed
The intraocul ar I ens assenbly of the inventionis
théroeghlyamitlpsdlmecThe pumibistcentradted wiithi iatrasculdreacptypiholine 1 %,
During inplantation of
carbachol 0.01%, or pilocarpine 0.5% solution. The incision is closed by hydrating the

corneal incisions. A suture rarely is needed.

{0095] In another embodiment, for implantation of the intraocular lens assembly of
the invention, the main incision is made at the ventral area of the eye (at the "top" of
the eye, at "12 o'clock"). The width is preferably equal to the size of the optic, which
may be 4-5S mm. Side incisions are made, approximately 1 mm wide. The lens
assembly of the invention is inserted then vertically. The lens assembly of the
invention is rotated inside the viscoelastic-filled anterior chamber; the haptics are
placed horizontally.

[0096] Fixating the lens assembly of the invention is a bimanual procedure. Lens

assemblies are implanted using special tools to compress the haptics, such as forceps



t he phakic intraocular |ens assenbly of the invention
into the anterior chanber, the lens is centered and

wo oved1mio6 t hat it does not slip out of positi oPCT/TR®07/008328
| ens can be positioned beBdeen the cornea and the
iris, but avoiding contact wth either to prevent
corneal danage, proliferation of corneal epitheliumon
the anterior surface of the | ens causing
opacification, or iris. If the lens is not positioned

or RA@RA4d, Yr V1Y bnmeisRIGbKS B ﬁubﬁpmt@@.%ﬁ&& fi4r668gh a hole in the
PCT/ US2007/ 008328 34 pupi |, too nuch [ight may be

suffdE &£ 186 opfic (Jé@ d'is%héé‘i% inCB&3 PAEnERG! 6442 9H9). Q\nverncally-
difficultles. he haptics generalylod’gelnt e
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anterior and osterlor ers of the eye with
fixadipn mANOGHvIE PW&@“FQJE’F?“&EJD ‘“Eﬁl‘ﬁ‘a%fg@eé’gﬁﬂwea%'ge The
i ntraocul ar | ens asserrbltx of the invention is fixed to
(0091 A pgripheral iridgetomyccapithembe perfarmed. Then, thgintreduesd
the lens. To achieve fixation, the haptic_ holds a
vigegelastie matesial (if anyyis asnirased threnghghe thyee pgisions. The anterior
anterior chanber is washed thoroughly with saline.
chambepismently érriggtedrand inBateg withi ait tozemene ell aisspglastiompteaial.
1 % carbachol 0.01 % or pilocarpine 0.5% sol ution.
[0098] Forailsiuomof thedndsien ling, thy dppasitian ofthe sisles aftie incision may
incisions. A suture rarely is needed. 100951 In
becavhidved by mine dr e sypdrbeial syturmnt Alt¢roativefly,talerge air bubble may be
i ntraocul ar |l ens assenbly of the invention, the main
leftindide the anteriondharabertth effeetdr apositioa. Hithe limbealjiacismn was
the "top" of the eye, at "12 o' clock”). The width is
madeeivithaltl aypoefierthena dlbsurs bf thedhcitioa limetsheuldieipeformed using

txq

sutures.
[0099] At the end of the surgery, 20 mg of gentamycin and 2 mm of dexamethasone

are subconjunctivally injected. A sterile pad and a protective shield are applied.

[0100] Alternatively, the intraocular lens assembly of the invention can be located in
the posterior chamber of the eye, using methods known to those of skill in the
ophthalmic art (see, U.S. Patent No. 6,110,202; Pesando et al., 15(4) J. Refract Surg.
415-23 (1999); Sanders et al., 15(3) J. Refract Surg309-15 (1999). In posterior

chamber implants, the haptics normally lodge in the ciliary sulcus.



may be 4-5 mm Side incisions are nmade, approximtely
1 mm wi de. The lens assenbly of the invention is
wo peeniRde t hen vertically. The | ens assenbly obPCT/082007/008328
invention is rotated insideéthe viscoelastic-filled
anterior chanber; the haptics are placed
hori zontally. [00961 Fi xating the |ens assenbly of the
invention is a bimanual procedure. Lens assenblies
are i nplanted using special tools to conpress the
[0he]t A lakiSintlaoasial RhS 8RemBY ¥l ditAddd talso usefully provided for
PCT/ US2007/ 008328 35 or cannul ae, or rely on
by thé rHICKEr [cBs BESIYI ot teliCeritidhl The the ld%_nﬂﬂ%@é:?bé Surgically
the surface of the optic (see discussion in U S
R AR s U R A
. of -C: |
thBhBrib{\Cphn c?lglg@;A %%J#y 2 g@&glﬁog euémap%ae xénéqg,%c of the

st eadl eps 1's I ntroduce rom

i A RS e AR il cbEnic) e8RS WfPareriq sppovtar

i nst.,ru ts are withdr .and the suroggeon &ﬂa es,;
reftr, S ottt bEREMA o ARl 80 IR & G g puter

the e | S, agaln.deepened with viscael astic. terial
pesifipt e thEnDE g SSFERSTR dert iy B BB ot ps sl
.The .second _haptic- .fixati an noeuv i s.perforned
SR OPHE LT SPOIP* Sreh Pl B GRPR s foRion 1y 3115 RS the
. peripheral iridecto can_then be rformed. Then, the .
infrr A eSSy o S, o Wae*@rﬁoapla? I S gRpmgly implanted within
as ir@&gd t hr ough the.g ree iﬂ%{siqns. The anterior .
the easlar Bhg, e AR endy ofghis Extendesl parppas engage iy iaper pegmetrical
renpve all viscoelastic material. [0098] For closure .
wal} of the caprularibgg withyeo of minimab sisetchigy of the bag. 4ifige #mplantation
the incision muy be achieved by one or two
ofdheintrapeylay lens aisembly iny the cappujay bag, ackive geigdemmal cpllpen the
may be left inside the anterior chanber to effect an
pasfepios surfane of|the anterion ¢apavleirinme o therbagpgusefudionyif theoum tg the
pocket, then a closure of the incision line should be
elgsticfpostenidr capisnly ofshe bagby fibBEoibont thetensesxdersied phsions.
surgery, 20 ng of gentamycin and 2 mm of dexanet hasone
Because of the haptic design, the intraocular lens assembly of the invention can, when
placed in the capsular bag of the eye, provide accommodation for the patient.
{0102} Advantageously, post-operative atropinizatidn of the optic ciliary muscle is
not required for the intraocular lens assembly of the invention (when implanted either
as a refractive phakic intraocular lens or an aphakic intraocular lens) to achieve
accommodation. During surgery, especially for implantation of aphakic intraocular
lenses, the ciliary muscle of the eye had previously and typically been paralyzed with
a ciliary muscle relaxant to place the muscle in its relaxed state. Ciliary muscle
relaxants include anticholinergics such as atropine, scopolamine, homatropine,

cyclopentolate and tropicarnide. Atropine is preferred. Proprietary preparations of

atropine include Isopto Atropine (eye drops); Minims Atropine Sulphate (single-dose



are subconjunctivally injected. A sterile pad and a
protective shield are applied. [0100] Alternatively,
wo b@7iintar@ocul ar | ens assenbly of the inventi oPCT/ER200®008328

| ocated in the posterior chanber of the eye, using

met hods known to those of skill in the ophthalmc art
(see, U S. Patent No. 6, 110,202; Pesando et al., 15(4)

J. Refract Surg. 415-23 (1999); Sanders et al., 15(3)

J. Refract Surg309-15 (1999). In posterior chanber
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end of each g | _or extended portjon to the axis of
unBatepRpape8l 829 & ﬂ@o‘gg’géﬁmeyv "t Gliany mocleRelaxant (such as
|ntraocular | ens_assenbl npl anted within the
atropne) wauld be! Pe‘i“?f%!c%b’tl@ifoé‘#&é thpoughutanastaperaiyy fibrgsis and
engage the inner perinetrical wall of the capsul ar
hepling period (ychas yqioreesyecks)tei maingin thecciiary mygclesin its
impl antation of the intraocular lens assenbly in the
relaapd sftate uril dibresis Weeceraplette Thisl druglindnced relhxation of the ciliary
posterior surface of the anterior capsule rimof the
mugele prevsrted gentmaction of He gilianytmuscleandaimmoebitized ttegapsular bag.
capsul e of the bag by fibrosis about the |ens extended
Thsy theamplant&@eingrasenl orf lenshep tivafipt ddod it fibrosis freits distant vision
i ntraocul ar | ens assenbly of the invention can, when
popitivhewithin thé eyerimivieas tHeagtind (dcbemenodatipn)o The émplanted lens
accommodation for the patient. [01021 Advant ageously,
pressell baglevatiageinat andithéreb forovardlly strohep thecelgsticipdktgrior capsule
muscle is not required for the intraocul ar |ens
ofahé eapsular bhgt B§ dohttady) berBudevdfehe hificadusia ofithéRitraocular lens

assembly of the invention, the lens can, when placed in the capsular bag of the eye,
provide accommodation for the patient without the administration of post-operative
atropinc.

[0103] In another form of the present invention, there is also provided a method for
implanting an intraocular lens assembly in an eye which provides accommodation.
This includes the insertion of an intraocular lens (IOL) assembly into the eye, where
the IOL assembly extends along an optical axis between an anterior optical surface
and a posterior optical surface. The lens has a circumferential edge disposed about an

optical axis at a junction of the anterior and posterior optical surfaces. The lens further



as a refractive phakic intraocular |ens or an aphakic

intraocular lens) to achieve accomodation. During
wansgaruse especially for inplantati on of aphakpcr/us2007/008328

i ntraocul ar |enses, the ci3iary nuscle of the eye had

previously and typically been paralyzed with a

ciliary nuscle relaxant to place the nuscle in its

rel axed state. Ciliary nuscle relaxants include

antichol i nergi cs such as atropine, scopolan ne,
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. nt.i i ntraogul ar no havi ng
pldeTinsYeng 5@%&%&?&*&% df o ot S Py birin
assenbl y oﬁggh nvention), the patient's eye would
apB’é”‘é‘PP?iﬂP?ﬁ SEBE S ng surgery, to allow for
Stlon of t he Iﬁns of the |n?lanted aphaki c
(07015 il bs popraria ta gl Jleddn theeart that pthsechangesiand on,
U. S Patent No. 6,051, 024) Fol | owi ng surgery, the
me‘ﬂlﬁ%&%ﬂsm be anadgiin thead ocfgmﬂerprag-d inysngign 98y mgtheds feemaking
periodically introduced throughout a post-operative
andjusingshe sape) withoatt deparieg e theseppeef thoinveptiemhesgin, and it is
weeks) to maintain the ciliary nuscle in its relaxed
intgndedsthghal] matteneantaigediisthe shpyedescrimigrsshatlihg-inteaiereted in an
rel axation of the ciliary nuscle prevented
illussrativa@nd ont infa lilméing densg.y nuscl e and i mobilized the
capsul ar bag. Thus, the inplanted intraocul ar |ens
[0293]i Thrbuglehit dwrsmgiﬁciab'om and therrlaitns, ahdsurdes the sorgext requires
position within the eye relative to the retina
othaedsythedeatn Scompiided, ompratibedsuchns "canpssst obdinv@isihg”,
agai nst and thereby forwardly stretched the el astic
witldsd @idefstodtbiospply thefindlision aptielstitedinisgeByr gplodsitegers but
because of the haptic design of the intraocular |ens
nod Stsenelusiodl oftdng dthetdnteeror drbep bemtegend, When pl aced
in the capsul ar bag of the eye,

[0106] Throughout the specification and the claims and unless the context requires
otherwise, the term "substantially” or "about" will be understood to not be limited to

the value for the range qualified by the terms.



provi de accommodation for the patient w thout the
adm ni stration of post-operative atropin. [01031 In
wap@rhers76 orm of the present invention, there PST/@km07/008328
provi ded a nethod for inpl3anting an intraocul ar |ens
assenbly in an eye which provides acconmodation. This
i ncludes the insertion of an intraocular lens (1QL)
assenbly into the eye, where the ICL assenbly extends
al ong an optical axis between an anterior optical
WHEatli§ aanedfdd a posterior optical surface. The | ens has
a circunferential edge disposed about an optical axis
1. at %Hﬁﬁbbﬂ@r%shﬁh@nﬂh{@dﬁ%iﬁgd posterior optical
surfaces. The | ens further 07/ 117476

P CT/ aqg'gsOQ)ZtérQ(gﬁg %l%ﬁlg%ﬁ dpﬁ%al%%?ibé}lvgé’rpgﬂ Qﬁ‘tﬁfg&eéﬁlc% éu?'fa%g and

I nt eger greate aptic exte rom an

ass%(g:‘;og{e%r!% %g%ﬁgﬂ% Al h A5 g&ﬁf:ﬁﬂ%&@ ég%px%xgﬂgeﬁi about

al ond associ I C axl S.
por ot mﬁi‘%@%ﬁm‘cﬁ oo SLARF S0l oBfife surfaces

are |ned e Ien ] |aI e
grﬁaﬁf"é cs, §1%D ol ppfic] & @a%ﬂf’ bR EFOGRId,
surface b | e A ect ane transver.se
to Sperenpt S seimitionel GBIl e GBI pP R YR where
roximate ran of 4-7 degrees. [0104] It wll
ngg me&eagqutfgghagm slled in the art that other
cha es and difications ca e made in th
S bovEheie carhBtsai herHss s aﬁawfrg» cBRdmsripheR] ¢flpe an gxtends
usi ng the sanme, w thout departing fromthe scope of
betwren| sadaortions 3iopepsite eadsithereofssalq mdperigns heine jgined to said
matter contained in the above description shall be
lensyat spigrcarcumfergngsl edge| ustrative and not in a limiting
sense. [01051 Throughout the specification and the
claims, and unless the context requires otherw se,
the term"conprise”, or variations such as "conprises”
2. or "Awirgraosularens aggetrnblyacogrding ta deiintla vapwéin seidchaptics are
inclusion of the stated integer or group of integers

lodpitike.not t he excl usion of any other integer or group
of integers.

3. An intraocular lens assembly according to claim 1, wherein said haptics are

paddle-like.

4. An intraocular lens assembly according to claim 1, having a first pair of
haptics extending from opposite portions of said circumferential edge along an
associated first pair of haptic axes, and having a second pair of haptics extending from
opposite portions of said circumferential edge along an associated second pair of
haptic axes,

wherein said first pair of haptic axes and said optic axis are coplanar in a first

haptic plane,



[0106] Throughout the specification and the clains and
unl ess the context requires otherw se, the term
wOsebatanéi al ly" or "about” w Il be under st oodp¢DURHINT008328
be limted to the value fan the range qualified by
the terns. WD 2007/117476 PCT/US2007/008328 39 What
is clained is: 1. An intraocular |ens assenbly
conprising: a |lens extending along an optical axis
between an anterior optical surface and a posterior
opt i wRbrefiad6@ond Paht B¢ MBFtiAakds 2l Fhid Pk iarls £688planar in a
di sposed about said optical axis at a junction o
sesSndhac§Afy, and posterior optical surfaces, and
havi ng N haptics, each of said haptics extending from
an associated portion of said circunferential edge
and al ong an associ ated haptic axis, where N is an
5.! nt eﬂﬁrintgz[o%ﬁfa? 'ierIsq@g an:l'bl \Q(Q rﬁln% tS%Fari]moé{ ﬁ@eﬁ'n &%Phlrs? %aptic
has a snooth, curvea peylp er al® ‘edge and ext ends
between end portions at site ends thereof, said
g iRl R 3sfndd PR elfe ™ ens ot sal d
circunferential edge. 2. An intraocular | ens assenbly
according to claiml , wherein said haptics are

| oop-li.ke. 3., An intraocul ar .| ens asse accor di ng
6.1 o CABRTaRCulgs s A AEAIEdo s ABHIR: 13k parips are
An_intraqcul ar. |l ens assenfjl y according . to claiml, .
aﬂ%&ﬂr&&%ﬁmﬂs‘w% EGSPeGio SHGSPHER a8 Adlinrgtien BraY tfom said
opposite portions of said _circunferential edge along .
angeriorptigel syriage by pranglsiA frgm  plspe tragsystse tg saidipplicalpxis.
second pair of haptics extending from opposite
portions of said circunferential edge al ong an
associ ated second pair of haptic axes, wherein said
7.f i r sf\npnfrgocylar lensiasserably acegrdingdp ¢laimtG wherginsAds in the
coplanar in a first
approximate range 4-7 degrees.

8. An intraocular lens assembly according to claim 4 wherein each of said
haptics includes M footplates extending therefrom symmetrically about its associated

haptic axis, where M is an integer greater than 0.

9. An intraocular lens assembly according to claim 8 where M = 1 for each of
said haptics.
10. An intraocular lens assembly according to claim 4 wherein each of said

haptics includes M footplates, where M = 0.



hapti c plane, WO 2007/117476 PCT/ US2007/ 008328 40
wherein said second pair of haptic axes and said optic
wW@E2003/181486 copl anar in a second haptic pl ane. BCT/882007/008328
i ntraocul ar | ens assenbly atccording to claim4 wherein

said first haptic plane is perpendicular to said
second haptic plane. 6. An intraocular |ens assenbly
according to claim5 wherein said haptics are

angul arly displaced with respect to said optical axis

11.n aadiifesdce IQWsefxﬁlﬁmat%&irgmﬁqg i wiBleif&ch of saig

surface by an ang e froma plrane transverse to sal

hagmsé fud@¥ \B foor%lat xéﬁﬁg{ngﬁﬁwxﬂﬁml %ﬁéﬁﬁ%ta out its a§soc1ated

CCO Ing to cl I's I'nt pr oxi
r. traogul ar | ens assenbl
haggg%?lgi wze%?‘qc?gémtggeﬁ eaé&ntﬁ%}agh of said hapti c)s/
i ncl udes M footpl at es ext endi ng therefrom
symetrically about its associated hapti c axis, where
Is,an_intege reat er. than 9., An Jintraqcul | ens
Z'fsseﬁm"gf%e%r i SRy ap g e sl Lvhe i % Rl Bt of
haptics. 10. An intraocul ar | ens assenbly
aH@%%? ?ng to clai m4 wherein each of said haptics
i ncludes Mfootplates, where M= 0. WO 2007/117476
PCT/ US2007/ 008328 41 11. An intraocul ar | ens assenbly
according to claim5 wherein each of said haptics
13- nc| Qadarageplg dgns sessantly pespading te slaimry wherein each of said
mmetrically about its associated haptic axis, where
‘P%‘%quﬁ%g‘&‘r’lgkéa‘b’b?fethﬁa'rp 0. 12. An intraocul ar
| ens assenbly according to claiml1l where M= 1 for
each of said haptics.

14. An intraocular lens assembly according to claim 6 wherein each of said
haptics includes M footplates extending therefrom symmetrically about its associated

haptic axis, where M is an integer greaier than 0.

15. An intraocular lens assembly according to claim 14 where M =1 for each of
said haptics.
16. An intraocular lens assembly according to claim 6 wherein each of said

haptics includes M footplates, where M = 0.

17. An intraocular lens assembly according to claim 7 wherein each of said
haptics includes M footplates extending therefrom symmetrically about its associated

haptic axis, where M is an integer greater than 0.



13. An intraocul ar |l ens assenbly according to claim5
wherein each of said haptics includes M footpl ates,
woberaiiMie 0. 14. An intraocul ar | ens assenbl ypCT/US2007/008328
according to claim6 whereidm each of said haptics
i ncl udes M footpl ates extendi ng therefrom
symmetrically about its associated haptic axis, where
Mis an integer greater than 0. 15. An intraocul ar
| ens assenbly according to claim 14 where M= 1 for
18eac AR intrd2uldr kaptassemblyt Bccofdling B ERAA U7aFhdr€ M8 = I for each of
assenbly according to claim6 wherein each of said
said¥pties | ncl udes M footplates, where M= 0. 17. An
intraocul ar I ens assenbly according to claim?7 wherein
each of said haptics includes M footplates extending
therefron1synnetrical|y about its associated haptic

192X1 SAn WiBloBu s 2 ehibi ¢ 9 or&hE 3 Efairh FaPh
5007 Tifloku PCT/ P assalp Baordihg R Elaith D %ﬁ’?@%‘éﬁfsa‘d

_{aiml7 where M= 1 for
1méﬁaﬁn@§as£§#yo a&?gggQQEQQ KL i ntraocul ar | ens
assenbl y accordlng to claim7 wherein each of said
hapti cs includes M'footplates where M= 0. 20. An
|ntr S asse aim1l wh .
ac h&o sa<'§1’|c {aﬁfﬁts aﬁse axy §°?°§&8§S? gﬁgpqvﬁv {Peﬂe’gaeiaﬁhB f“}"é Baptic
axdk S0 an § b agtlc J’ é? : i ntraocul ar
l'S ﬁ§ Blangr Witk said opHiG Ay 1 81 AFRC ‘mé‘f’é’ M s odd.
22. An intraocul ar |l ens assenbly according to claim 21
where N = 3. 23. An intraocular Iens assenbly

according to claim?21 An i ntraocul ar
2} ens‘&%é‘gg"ﬁ’ﬁ plar LF&‘E ?'Efoéqllﬁgﬁ? il%m ér‘@h‘?(F Nsisadldn.

25. An intraocul ar Iens assenbly according to claim 24
where N = 2. 26. An intraocular |ens assenbly

according to claim?24 where N = 4.
2. An intraocular lens assembly accordmg to claim 21 where N = 3.

23. An intraocular lens assembly according to claim 21 where N = 5.

24, An inﬁraocular lens assembly according to claim 1 where N is even.

25. An intraocular lens assembly according to claim 24 where N = 2.

26. An intraocular lens assembly according to claim 24 where N = 4.

27. An intraocular lens assembly according to claim 1 wherein each of said

haptics includes M footplates extending therefrom symmetrically about its associated

haptic axis, where M is an integer greater than 0.



27. An intraocul ar lens assenbly according to claim1
wherein each of said haptics includes M footplates
wezxdoendisng t herefrom symetrically about its aBsDUSZO®008328
haptic axis, where Mis an48nteger greater than 0. WO
2007/ 117476 PCT/ US2007/008328 43 28. An intraocul ar
| ens assenbly according to claim27 where M= 1 for
each of said haptics. 29. An intraocular |ens
assenbly according to claim 1l wherein each of said
281apt Af $nthddehldf fshs sdeRt |aé‘&ﬁ§ing“l® €lafmM7where % = Fidr each of
i ntraocul ar | ens assenbly according to claim20
sa glh each of said haptics includes M footplates
ext é’ndi ng therefromsymetrically about its associ ated
haptic axis, where Mis an integer greater than 0. 31.
An intraocul ar | ens assenbly according to claim 30
er = aid haptics., 32.  An .
agMher g, %tfagg:u{ap fen§ %&nﬁ{%y )a/xé&egrgmgglg ﬁiéi%?.ol \gﬁ%rlelr% ez'xﬁh of said

i'ntrao ens asse 1CCO

erein .ea of .said . haptics includes M footplates,
he\v?:ﬂ'ésr'é'c %S@Pf"?&?‘a%ﬁ"r’hw%eﬁar | ens assenbly

according to claim1, wherein the intraocular |ens

assenbly includes either a nonofocal or nultifocal

lens, 34. A hod for inplanting a,.phakic intraocul ar
30. ensAa%%P(}ﬂ%s gsemply a %ﬂ‘ﬁ‘gitg clagn 20 xksreinggeh af spid

the eye,, a .l ens extending ajong an optical _axis . )
haplics\iricpdsyM gméﬁﬁea exispding erggpma%/guaﬁacébp&% jits ggsociated

optical surface and having a circunferential edge
haptig guisewhens s amimesssereaisr tha1 @ at a junction of said

anterior and posterior optical surfaces, and N

hapti cs, each of said haptics WO 2007/ 117476

PCT/ US2007/ 008328 44

31.  Anintraocular lens assembly according to claim 30 where M = 1 for each of
said haptics.
32. An intraocular lens assembly according to claim 20 wherein each of said

haptics includes M footplates, where M = 0.

33. An intraocular lens assembly according to claim 1, wherein the intraocular

lens assembly includes either a monofocal or multifocal lens.

34. A method for implanting a phakic intraocular lens assembly in an eye,
comprising:
inserting into the eye, a lens extending along an optical axis between an
anterior optical surface and a posterior optical surface and having a
circumferential edge disposed about said optical axis at a junction of said

anterior and posterior optical surfaces, and N haptics, each of said haptics



extendi ng from an associ ated portion of said

circunferential edge and al ong associated haptic
wazeisai1mhere N is an integer greater than 1, Wher/€5mw07/008328

each of said haptics has a4snooth, curved periphera

edge and extends between end portions at opposite

ends thereof, said end portions being joined to said

|l ens at said circunferential edge. 35. An intraocul ar

| ens assenbly according to claim34, wherein said

hapiekfendHgtfroth @ARstdckdted PéitioAdf skl chREHIf@entifAdge and along

assenbly according to claim 34, wherein said haptics

ar e 5 RRARALEnAtCxis3 Wherd R 18R A Rfor&dié tHur 4, Wherein

said haptic axis are angul ated away from said
t er 0L : I i .
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intraqgcul ar nbly includes an aphakic
hﬁPﬁ%F%géﬁFgPﬁ%gﬂiﬂgéggnbly. 40. The nethod of claim 34

permtting the eye to heal in the absence of.a ciliary
muscl e rel axant; wherein the inplanted intraocul ar

| ens, provi des an acco dat i | en t he eye. )
3s. Ax? intraocular Iens assembly accorcﬁgg toc axsm 52, wp\eremy said haptics are

loop-like.

36. Anintraocular lens assembly according to claim 34, wherein said haptics are

paddle-like.

37. The method of claim 34 wherein said haptic axis are angulated away from said

anterior surface by angle A with respect to a plane transverse to said optical axis.
38. The method of claim 37 wherein A is in the approximate range 4-7 degrees.

39. The method of claim 34 wherein the intraocular lens assembly includes an

aphakic intraocular lens assembly.

40. The method of claim 34 permitting the eye to heal in the absence of a ciliary
muscle relaxant; wherein the implanted intraocular lens provides an accommodating

lens to the eye. '



