WO 2007/1.17476 PCT/US2007/008328 | INTRAOCULAR LENS WITH

ACCOMMODATION TECHNICAL FIELD [00011 The present invention

relates to implantable intraocular lenses ("IOL") suitable for the correction
Vit Y BpiAt "Ayperopia, presbyopia and astigmatism. More p&fk/tf(/gHes2s

invention relates to IOLs which are 5dapted to provide accommodation.

BACKGROUND ART [00021 Implantation of artificial lenses into the

human eye has been a standard technique for many years, both to

replace the natural crystalline lens (aphakic eye) and to supplement and

correct refrastivR £UORSIA lhe. Eals e 1eTEs Aghekineye)D Afougaver,
accommodation provided by such replacement lenses is minimal or non-

existent. [OO(:% The human eye includes an anterior chamber between

TReBbiHedbiiRiia posterior chamber, defined by the iris, a capsular

[0983 IcBheairdsenhinyystighimel isersto ditlalgniabiscnimaral ardensev {fEQLY) suitable
chamber behind the lens containing the vitreous_humor with a retina at

fopthesarsrtine ehmins: RERAarresRyRie A AfiiardEmmMiRGdation
ool The cantragtion snd elevation lhe. sliary muscle prgvides the
cili

eye Witt’ hear and distant vision, réspectively. iary muscle action
adhanasqaiigmatural 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
EAGIHEROUBIBhART example, changes in vitriol pressure or the exertion
jaiy dephythe i irsiEdalkeises oftththedyen {0004 haftecthesnatimal

crystalline lens is removed, for example because of cataract
technique for many years, both to replace the natural crystalline lens (aphakic eye)
and to supplement and correct refractive errors of the natural lens (phakic eye).
However, accommodation provided by such replacement lenses is minimal or non;
existent.
[0603] The human eye includes an anterior chém‘ber 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.
[06604} 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 monofocal IOL can be placed in the
posterior WO 2007/117476 PCT/US2007/008328 2 chamber. Such a
conventional IOL provides very limited, if any, accommodati

VREWeLrer f such an 1oL continues, to require the ability to?/%vﬁgﬁl\éggsm
near, intermediate and distant objects. Corrective spectacles may be
employed as a useful solution. Recently, multifocal IOLs, defractive or
refractive, divide light entering the eye and have been used to provide
near and distant vision correction. Though they de may provide sewn a

chignited. Sneum ot wntionrhiStlavoryides yefacisaited cd spastcensiedaliamd
cause photopic problems such as glare and halgs. [0005] Examples of
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acC In some man € eye, usually use or sutures or

sGAM ORRETYPRANRS N FBRS, SLERASAEMR PERRIIERi SR BAR the
the optical lens portion of the intraocular lens. [0006] U.S. Patent No.

efedhdl Havk Besaribesta phiakie nsnand disiensvekserabiydies. Theuptahsy de
with a circumferential edge, and a first haptic and a second haptic, which

neyteralidersethe aligéiol anolohofBershronedetinapthey idgsreafiesideigast
extending from the lens edge to a distal end, and a second leg extending

SHRSHI i1k 18H S BHGEROGRIFRER TR S AR EIL &8 mber extending
OSSR ENdR A e a6 leh AN SRORRRRA DG ERAPre.

berc e substan y straight or bowed Inward towar

o&ﬁﬁ?g@ﬁdﬁ%ﬁ%@ﬁ%&h&%@%@éﬁﬁ%@%&é&? @%&N@; the lenses
6,261,321 (Continuation-in-part of U.S. Patent No. 6,241,777) describes a

aphaldetedapbakie inirmer wahdans assamhblythatibas fslensewithsame other
circumferential edge, and a first haptic and a second haptic, which extend
shpporting way olutieakrmnEdteptiche sisptingfiemthengableanppsgon of

from the lens edge to a
the intraocular lens.

[0006] U.S. Patent No. 6,241,777 describes a phakic intraocular lens assembly that
has a léns 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 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 assemnbly that has a lens with a
circurnferential 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



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 WO 2007/117476 PCT/US2007/008328 . 3

A ALELE ember can be substantially straight or bowed inwary TBNAPaes 2
the lens. Each leg has a footplate at its distal end. Each leg of each
haptic may be inwardly bowing, straight, and outwardly bowing.
Additionally, each leg may have the same or different shape from the
other legs. [0008] U.S. Patent No. 6,015,435 describes a self-centering

tphakdcsenmantelacdebs suiserteclly wrthghpostencrichamidapfoarthise lens.
correction of myopia, hyperopia, astigmatism, and presbyopia. Haptic

Bsshiiles bre aﬁ&ﬁﬁg@%fﬂ#‘édérﬁﬁ’cﬁﬂboﬁ?%ﬂﬂg ekrash brrtiareri bminsragdin
points at the edge of lens in gt least two generally gpposite djrecti

] ns.
DEPATFiNG Bk AR S BRI M5 AP SR ThEh/eimBYERKE 8&‘1‘15%‘7 or
d\{ﬁ}&l}ﬁjg{l Qement.anglpreyides the centering force to keep lens in
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ace. U.S. Patent NO. 5,133,747 describes an intraocular lens
fsosstkabighanially @rscavalaiaiswithinthecensy it agRehIRe lens

human crystalline lens. In one embodiment, the optic body has
insytadriatrictlchaptiasce xdencieg fouthacdlyetrdon dpppsite, figeeraithe

circumferential edge of the optic body. In one embodiment, 'F' shaped
apigmes B and PR YRRl idaptifcbefing e gbashadd owcoptias prdiafner

that encircles gptic body. In another copfiguration, the haptics exten
SRR RS L) SRR B P SRS B P SRR R an
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cured in place with an adhesive. 10010] Attempts have been made to

sRERYI S iBlieny ithooerRIMIREIBHARA LSRG conRp Rl eetha QRtiAg Aods
of the eye as an alternative to shape changing. Examples of such
[a0@en iiSarateat footlsh3BRAT deScritetont INDadcdao j684 devibeshaeinpartially
patents to Cumming, including U.S. Patent Nos. 5,674,282 and 5,496,366.
or completely within the capsular surface of the human crystalline lens. In one
embodiment, the optic body has asyminetrical haptics extending outwardly from
opposite sides of the circumferential edge of the optic quy. in one embodiment, "J*
shaped haptics extend from fhe circumferential edge of the optic body in 2 manner
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 8. 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 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

“pgiﬁ%mq e contracts and the lens moves forwardly (posmﬁmszommesszs
accommodation). In the absence of giliary muscle WO 2007/117476

PCT/1JS2007/008328 4 contraction, the lens moves rearward to its
posterior-most resting position. Because of this posterior bias and the
configuration of the lens, the posterior wall of the capsular bag is
subjected to a substantial degree of stretching when the lens is in the
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th fte t fficientl btain the desired dation.
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inven er, such devices and patents telate only to the general

et ieninyeotiamracEa sakiconatituin part Oisthanrey afealdinot move
invention. [0012] In light of the above, it would be advantageous to provide

stfficieniljclo chmriadindesiad aczeptabiatamount of accommodation with
reduced risk of damaging the capsular bag. SUMMARY OF THE

[9RAE N hederqau pg PAusMaoiesa B oy ta d8adiBiysHitErbtHel deyices

cqrrecting myopia, hyperopia, presbyopia and astigmatism using.the
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when used as a replacemient for the eye's natural lens. The intraocular

SRS RsSSIbF SRIPRLSES arleRSexaAeNg along an optical axis between
an anterior optical surface and a posterior optical surface. The lens has a

[e0tzinfelightiaf dgebaispid yeul: bbbe edventptmalsdri sraval fulBtiowlsth can
anterior and posterior optical surfaces. The lens further has N haptics,

aglbeye an ig,ca?pm%gpount of accommodation with reduced risk of damaging the

capsular bag.

SUMMARY OF THE INVENTION
{0013] An intraocular lens (IOL) assembly and method for correcting myopia,

hyperopia, presbyopia and astigmatism using the intraocular lens assembly are
provided. In particular, the intraocular lené assembly relates to intraccular 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. Furthermore, each haptic extends from an associated
portion of the circumferential edge and along an associated haptic axis. In

vﬂ?g&ﬂ%‘lﬁﬂ?h haptic is "loop-like" or "paddle-like" and eXte@%/%%EWﬁ%ﬁsszs

end portions at opposite ends theregf joined to the lens at the
circumferential edge. It should be noted that each of the WO 2007/117476
PCT/US2007/008328 5 haptics may include M footplates extending
symmetrically about its associated haptic axis, where M is an integer
greater than 0. Alternatively, each of the haptics may not include any
h@&f‘ﬁl&l@% lqﬂ‘ﬁiﬁpéf@?&‘%ﬁﬁm SHEMSE Ry Wﬁ%ﬁ%?%ﬁ’é?@%ﬁgm

an inte reater han an 6,7 8 9 or
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circumferential edge “along an associated first pair of haptic axes, and

ahMige-Pesarenthatingihapics, exerdng fgm epamsite portions of

circumferential edge along an associated second pair of haptic axes,
[sed]dindirs epdiodfieapti€ doeqgs evaot optinitors anentopieuiar iena afissinbly may
haptic plane wherein second pair of haptic axes and optic axis are
ine)pierrofiset aa%@é&qatrﬁmﬁ%ﬁe ﬁﬁ%@@ﬁ&ﬁ*ﬁﬂtﬁ@ﬂ%ﬂ?ﬁﬂf@%@%@wg&
erpendicular to secon haptic Iane lthou le arran nts
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away nterior optical surface by an angle A from a plane P

PERRIIRR: e tiaRrarisE /&t BB eoTapiP arés and vpaoeiarlenplanar in a
assembly can have an angle A with an approximate range of 4-7 degrees.

fitsshapiie pisc béeactedatmidpah dfapit eraysnoll dptit destroreriboglate
extending therefrom mmetrically about its associated haptic axis.
smﬁhmwle%hia itiihiee %wwua\fmmﬁw@sfaﬁ@%MM

The inventio also OVI es anethod for mplg}ntln in an eX
ents ¢

SHHPRO SgRiiC P ane’ 0“ angle arrangemm an perpe GiSWar may be

used in other forms of the invention. The haptics are angularly displaced with respect
to optical axis in a direction away from the anterior optical surface by an angle A
from a plane P transverse to optical axis. In an embodiment, an intraocular lens
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. Alternatively, each of the haptics may
not include any footpiates.

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

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



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 anteriof optica

VR HIL RS a posterior optical surfage. The lens of the IOLPhCngzAmm{]8328
circumferential edge disposed about an optical axis at a junction of the
anterior and posterior optical surfaces. The circumferential edge can WO
2007/117476 PCTIUS2007/008328 6 have a particular shape or angle,
for example, a square edge adjacent to one optical surface and a

hgesrd poditdby suge avjacknticn exevadndc optiew elgtashackhbticone fptibalr
includes N haptics, where N is an integer greater than 1. Each haptic
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the haptic axis is angulated away from anterior surface by angle A with
akeSraihiefald aast s ia MRk 40 dh epadiiealiR¥Tand GAehasNDdlHeed

angle A may be in an approximate range of 4-7 degrees. BRIEF
pDESEGRRPION CiRdsHiEeRE ATHENGEpE NG altjoimdbivtiba Jemsdtife:
various features thereof, may be more fully understood from the followin

cifsupriptraHaladles: R tHitRRI GRS 1T RBUGHRP AR Feraamsger shrface by

e T2 L ARG, A Show 2 10D view and & %rﬁ%i‘f“‘ﬁg gL isiens
a semgly o?ea% embodiment 6?‘% e presentin en?lon. .ES ows a

a&?@%\%ﬁﬁy%@%\éﬁ%ﬁf&ﬁﬁ%@%ﬁ% atElG | along axis A. FIG. 3

ows 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
BRIEE DESCRUFTION OF THE DRAWINGS

[0016] The invention, and the various features thereof, may be more fully understood
from the following description, when read together with the accompanying drawings,
in which:

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. ] along axis A.

FIG. 3 shows a top view of an aiternative embodiment of the lens assembly with
orientation tabs.

FIG. 4A shows a cross-sectional view of an eye with an ?hakic intraocular lens
assembly of an embodiment of the present invention.

FIG. 4B shows a cross-sectional Vif:\‘\-f of an eye with an aphakic intraoccular 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 exampies of haptic placement along a circumferential edge of

a 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 views of
Whétatiid’8mbodiments of lens ass:;mblles of the present ﬁﬁ/ﬁﬂ 010 R\ L
examples of haptic placement along a circumferential edge of a Iens. \We
2007/117476 PCT/US2007/008328 7 FIG. 6 shows a top view of an
intraocular lens of the present invention, showing multiple lens zones.
FIG. 7 shows a cross-sectional view of an intraocular lens of the present
Fiayehsiarys shewiviguwnfitiplmepiiesdbiprices @mprdaadivihi i eniingf
the present invention. FIG. 8 shows a cross-sectional view of an I0OL of
malbiphe dsmsreneerein compression forces act on the haptics to deform
the lens assembly of the IOL of the invention, resulting in accommodation
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chamber and a posterior chamber. The natural crystalline lens is

faeBiainash wamambramfaaama&ﬂ&mﬁemsmﬁw&hm
the natural lens is removed from the eye, the capsule may also be

resriingid Giecraoaodation ekdicidniomrable lmsaisepbition of the capsule
may be removed with the natural crystalline lens, leaving the posterior

ften | Il
O S B e T B R MR o vaocuiar
19k, ‘gﬁ %?F?rff&‘éf’f’éﬁ"sa‘rﬁ%ﬁf 85 ‘ﬁ&@%ﬁﬂ?’ﬂﬁ?&ﬁ?@ﬁ%‘%}ﬁw i the
vﬂgeotgstlgo&bamg s %eﬂar%t%?%é’ %g:%%cbetween the cornea or anterior of the eye

and the lens into an anterior chamber and a posterior chamber. The natural crystalline

lens is contained in a membrane known as the capsule or capsular sac. When the
natural lens is removed from the eye, the ca,prsule may also be removed (intracapsular
excision), or the anterior portion of the capsule may be removed with the natural
crystalline lens, leaving the posterior portion of the capsule ifxtact (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”, fiexible haptics, preferably with
angulation, overcomes the lack of accommodation provided by prior intraocular
devices. The intraccular lens agsembly 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. Ho'wcver, 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 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
WG ELIA Yevices. The intraocular Jens assembly of the inGER{IGTTE7/008328
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 WO 2007/117476
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assembly described herein is suitable for correction of myopia, hyperopia,
cpreshynpibraynbis fiypracpis withoyirds anst estiging i sncratharmynapromising
. physiology of the eye. In a preferred embodiment, one or more haptics

B 4yt e pivisintomghd teenen it aprsfBRbTEPRAEDRMS 8REI0RMEFEe is
transferred to the leps,assembly. In.an alternative preferred embodiment,
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intraocular lens assembly of the invention is made from a biocompatible,
hipaibe-enatatial:ik g rempakiis enth ihacnaiarpdiis alsorb 4QJ6aMYE of any

material, which allows insertion of the device through small incisions,
cprefeassbiy feseetiiardgformatimve preferably less than 5 mm and most
[%;eferably, 3 mm or less,. In a further embodiment, the device is preferabI}/e

d2hdharinGtneuirniens Arembbe P bt Eespion ramnadn drams i acomad
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a turther embodiment, the device IS Inserted into the capsular sac
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cataract lens. The design provides minimal contact with other tissues in
pieeayey feusthamionen hd dekion«farble Basity selanyad angdrinserted

as needed. The combination of . :

embodiment, the device is preferably inserted into the anterior chamber of the eye,
where there is no contact with the natural crystalline lens, so that cataract formation is
minimized. In a further embodiment, the device is inserted into the capsular sac

- following removal of the eye’s natural lens, generally in replacement of a cataract
lens. The design provides minimal contact with other tissues in the eye. Furthermore,
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.
[0620} 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, subétantiaily flat or undulating curvature. In a more preferred
embodiment, the single lens is biconvex in shape. As will be undersicod by a person

skilled in the art, the refractive power of the single vision lens can be designed 1o



flexible materials and the haptic design allows the device to withstand

some deforming forces, such as the patient rubbing his eyes, without the

device breaking, warping, or becoming disengaged from the eye. [00201
VR P ERBGiment of the invention, the lens assembly of theF$rE&EA{d7/008328

invention may be formed of a singlegfocal lens. Said lens may have one

or more portions of convex, concave, substantially 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
cpawer ofite fiingieoui siendentigambiadies) e ddoldi:d @), Ahbafal hyperopia,

PCT/US20071008328 9 correct a specific vision abnormality, including,
poerbyopimaeddprastgropiarhy BoreBinptheishapio bt/ bmasthyrmefisrhivBy

altering the shape of the lens, the refractive power is altered such that

paivrs i haksr oA ithdbrh et aistarpediperndieridiskas stigstnart i jfocus.
plated tha ingle vision lens assembly can be combined with,. for
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intraocular lens assembly of the invention may optionally comprise a
g8 ST Mo R ticaibd vigtabheifl ragikasiife.optical device may have one
or more portions of convex, concave, substantially planar, sinusoidal or
[0A2RA NIy nroatipe lemradeambly, shillepnygnbiosiveay siitisnallyicemprise a
comprises a lens having a gradient of increasing or decreasing refractive
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nge suqh that.a first Qprtion fl[jhe lens
afgtl 18( ar%ar smusc}xd or #la ng carvature.
produces an image wherein distan bﬁ’ecs’are In focus, while a secon
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and where the portions of the lens between the first and second portion
iRpsigin] | digtanesmpebiieaivdipewistivindRepsabiectatie faeus. a second
portion of the lens. For example, the lens may be arranged such that a first portion of
the lens produces an image wherein distant objects are in focus, while a second
portion of the lens produces an image wherein near objects are in focus and where the
portions of the lens between the first and second portion rend& all distances 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, negative or 0,
provided the lens includes at least one lens zone with a gradient of increasing or

decreasing refractive power.



[00231 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
WeratHEFbwer. In a further preferred embodiment, the gradtfiéitBetreess2s
change of refractive power is substantlally 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, negative or 0,
[poevidpchibeiansiissivegsrhtaashone/ lanszane pwiliengsadieniasihg or
increasing or decreasing refractive power. WO 2007/117476
REHLR2EHAL008AE81 B [@DpéLlicuiaprefherepticont Badiniort mbthgreferred
invention, the gradient of increasing or decreasing refractive power is
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power suitable for focussing distance objects, while the top of thelens

Hassadidhsialtadiiecnowatle shilaie fondaaisriag RRA@RRsse foatient

implanted with such a lens would visualise distant objects above the
shitbrfasonisius paacbhiatsobjs gtatisetonrthatdionitbmadb @ Inrfoviosidt is
contemplated that such a lens would be suitable for reading items such
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ave one or more por 10NS O convex,
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multifocal optical device reduces or eliminates the unwanted effects of
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light is from a spot source.

multifocal optical device. Said optical device may have one or more portions of
convex, Concave, substantially flat or undulating curvature. Preferably, said
multifocal optical device reduces or eliminates the unwanted effects of glaring and/or
holoing produced by incident light, especially when such light is from a 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 muitifocal 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.

[0627] 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 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 é%referred

VEhBY GRS, each lens zone has aHnique plane of focus e?&.T firdpTanes2s

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.
e} 27 ihtpatprefoeradi¢ fkotimenhoidperuiidntiahe theimultfaeedmpitealzone
device comprises 5 lens zones: a first lens zone, being oblong in shape,
cognpriaeribd noeipe edith anubifreabpnicenl slediemabguedhel fissthenpone 1.e. at
formed by bisecting both WO 2007/117476 PCT/US2007/008328 11 e)(es
sy PR dhe My B PRRE R SR SRRIABHE tha RSPER e sa Syt ens
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Irst lens zohe i.e."at the top orthe 'multifocal optical device when
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arranged parallel to and below the first lens zone; the fourth and fifth lens

ag@naslatetapprehdmadaljstilsdgatarfithe daipd 1 ouikzanevibdrelsig sisp mndsateing
located at the two distal edges of the third lens zone, thereby also

theteirsuatfatenginl edesipifbemudiGgaloptit daviteces betuat kagieenanBy
the first lens zone. By varying the refractive p weratif each I$ns zone, a
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zone Is sultable ocussing near to intermediate objects; the secon
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suitable for focussing distant objects and the fourth and fifth lens zones
the ecaiiid s fosrde tussint] énfer foedlisite: elojectb; dthahdipld idesizioto &

patient's eye, it is contemplated that a patient will view near to
shitabindendasesjasidissmsiphisdtse fhefiprth and fifth lens zones arc suitable

for focussing intermediate obj écts. When implanted into a patient’s eye, it is
contemplated that a patient will view near to intermediate objects, such as those found
inside a house, in focus through the first iens zone. The patient will view near
| objects, such as books, keyboards or cooking utensils in focus through the second 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 Ieast 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 cm_tral axis aligned with the optical axis. However, in

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



inside a house, in focus through the first lens zone. The patient will view
near objects, such as books, keyboards or cooking utensils in focus
through the second lens zone. The patient will view distant objects above
Wﬂez%gﬂ}@ﬂ? such as landscapes ang, approaching cars or plé% fHanLo08s28
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
elfiptiifelc ahd piigahaleyiceszigribanie difpneat feasttheaqnivel lexis. zbme fartter
one or more concentrically located lens zones arranged thereabout. In a
pprEtaproemhodiotinterne Proeested top sonspetiicatilagated lgngl2eagsare torus,

central axis aligned with the optical axis. However, in alternative
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central axis rom the optical axis. In a further preferre

BNRediIQRhp RSP E AR dAREAREEINHE AbHAE 898K IBNSEAB ORI torus

torus, or ring-like, in shape. In an alternative embodiment, the torus may
shepelonatedliifoosicoptinabiedxescan fanbe laitoraipkonpdttmb o dirigmatyision
said concentric lens zone may not extend completely about the centre
CIERCHOR ECTBHIFTILICT SRahp P et for i amiagplar TieOMm st St ap
device can thus be tailored to tient's unigue vision correctjon )
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ight vision . yision;reauirgd %?Blﬂﬁ%ﬁl HeReyision such as for reading
Ogrgge (%ng, t(:)r%ngla%stance viewing suc% alls (;ar outdoor activities. 100291
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or posterior surface of the multifocal optical device. In a preferred

pembadimeficdlod fensndtifimaicgtna deabistanbied phefordih eraindeiioent, the lens
surface to the posterior surface of the multifocal optical device. However,

Apngh e anbe s bofreenthst apieTiayspfase to the posterior surface of the

multifocal optical device. However, in_a.n alternative embodiment of the invention,
either or both of the anterior or posterior surfaces may be formed from a single lens
zone, with at least one second lens zone embedded within the multifocal optical
device. In a further alternative ecmbodiment, two or more lens zones, including those
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.,

[0630] In order to facilitate the formation of lens zones, the multifocal optical device
may be constructed from one or more lens zones forrﬁed 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

s0 as to impart unique refractive characteristics.



either or both of the anterior or posterior surfaces may be formed from a
single lens zone, with at least one second lens zone embedded within the
multifocal ogtical device. In a further alternative embodiment, two or more

WEEY oy, including those embedgfd within the muItifocal%%Wﬁ?‘H’éW?s
may overlap an axis parallel to the optical axis i.e. lens zones may be
stacked within the lens assembly. [00301 In order to facilitate the
formation of lens zones, the multifocal optical device may be constructed
from one or more lens zones formed individually. The individual lens

(023 dmanyetherdieciisddho owmsionubls muliifechbeptirehderdst/is Birmett
in place by the material of the IOL, wether encased partially, fully or
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two or more individual optical lenses, each having at least one but

RGO, thvGhnEr thiRazaseabln d e Riead ) bhdineni; saibbdiment,
optical lenses are arranged substantially perpendicular to the optical axis
trenddulsstimiisablerskie ninttea s anendgetent ©f nivdtiphel gna stewktte fiamd
assembly when flattened). In such an embodiment, the individual optical
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a preferred embodiment, at least one of the optical lenses is biconvex,

aDIEN CREDIRAD VRN A ARAY G BIRBMEX, HlRravepBeRM / plaravgionvex /
sinusoidal in shape. [0032] In an alternative embodiment, one or more of

plheagpticehiensglsnaraifsatdsoidaltireshimee of the IOL by any one of: 1, 2,
3,4,5,6,7,8,9,10, 11, 12, 13,
[0032] In an alternative embodiment, one or more of the optical lenses is offset from
the plane of the IOL by any one oft 1°, 2°, 3%, 47, 5°, 6°, 7°, 8°,9°, 10°, 11°, 12°, 13°,
14°,0r 15°. Ina niore preferred alternative embodiment, said offset corrects for
optical aberrations, include astigmatism or the effects of disease, in a patient’s eye.
[0033] A multifocal optical device formed from muitiple optical 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



141, or 15. In a more preferred alternative embodiment, said offset

corrects for optical aberrations, include astigmatism or the effects of

disease, in a patient's eye. [0033] A multifocal optical device forrrged from
Wrﬁ’u?l?lﬂﬂlg%ﬁ?cal devices (a "compoynd multifocal optical device” r%(g});/masszs

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
nidtifogal apticg! degiaes: distopivericie pOptidhydliyprived gltabdenssgerma little

be biconvex, concave / convex, biconcave, or have one or more surfaces
ag ieriividpabraticel AntFIBRbfoRAFS PRRGR ERAeYEhARY dittapes

angle of view, and the amount qf Ii%ht transtmitt}()ed Ihr(éu%h the lens will -
VAR AR R IB RY o P RS AL PIE% TR RS M AAMp2 B BRER SRS Y
w2Rticad lens. Where the compound WO 2007/117476

PCT/US2007/008328 14 multifocal optical device seeks to provide
[OSHBRIYa RpIYeshisianGa WHe Nedhille meiwoindviteaenticaliensas
. may be required. Where improved near distance vision is the objective, a
rimaie fooaipleb g strertiorofithdiigli.olhroresetbing nisanemaldreydéeed.

[0035) In a further embodiment, said lens zones may be interposed by an
PAIBERHI AP AN A Lo AR BB A o rGPH! PRINHFCTREEREHBIndR

means may include a pigment, a paint, a dye, an ink, a metallic and/qr a
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greater amount of light being focused at a point(s) anterior or posterior to
dnedetivppbararinos! tasatarrad rprahasineslusaiaboaihiog, FaBASsiSbing

positioned to reduce the blurring of vision, glare from a light source and /
rmcatialomgtivnstbw bydacpatiehtwsridgeddisien, plath&enultifighdlsoptiszdnd / or
h?llecyilrfg as seen by a patient and produced by the multifocal optical device.
{0036] The light absorbing means may be opaque, translucent or transparent,
provided such absorbing means has the capacity to absorb a portion of the light being
transmitted throﬁgh 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 nmm, 200 nm, 250 nm or 300 nm within the aforementione& 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 light absorbing means may be opaque, translucent or
transparent, provided such absorbing means has the capacity to absorb a
ortion of the light being transmitted through the multifocal gptical device.
“FR 5(}?)%115?7% embodiment, the absqrbing means absorbs d)r LIERgRIsss

any one of: 2%, 5%, 10%, 15%, 20%, 25%, 30%,35%,40%,45%, S0%,

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
[80aVE[Ehe trroraage bt3G0nE Tt MED tmatrarfintheeprefediagosed creates a

embodiment, said absorbing means absorbs wavelengths of light in a
piizeTe of heyrenemissivo aflight nhiczbserbimsRgans 160 PhPravgetit ooen the

am, 250 nm or 300 nm within the aforementioggd visible spectrum. For
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geometry according to which the absorbing means is disposed creates a

fnalierensidiientian sraissiorbid ightanEhecalbsogsd gnueans canpbaprbeidegl a
in or on the lens in many ways to create various transmission profiles.

strsiatisepbing micudiadmay beeshepryoatiaatly enjrad shoeHisrpirehtos
the inventign, the absqrbing means is, arranged in one or more radial

Ipa st Bﬁfmﬂfr&%%mﬂ&f%?m%ﬁ%g; TPt dp 2 conical shape
embodiment rhi . i ' .
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means are arranged in a conical shape or in a shape such that the

ofhserhingfoebnsitahdépasaltebter thplathe oidine apticadpaxisidutfathef the
forms a cone having a circular or semi circular radius on one surface of
vdtifognlfortigad Sevined S dhiyrertet IR YIREGS dRaieis densiyill see
o%l{;fg(:ﬂ?ig ];ig:aeof obstructed vision. Altematively, said absorbing means may be
arranged in a plane parallel to the optical axis. Optionally, said paralle]l absorbing
means is transparent or semi-transparent to more than about any one of: 25%, 40%,
50%, 60%, 75%, 90% and 95% of the visible light spectrum soias to minimise the
region of vision obstructed from the patient.
[0638] 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 p;ortion 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



multifocal optical device. In this way, a patient having an implanted lens
will see only a thin line of obstructed vision. Alternatively, said absorbing
means may be arranged in a plane parallel to the optical axis. Optionally,
‘%Qia“ﬁélrgﬂ ¢ absorbing means is tr nsparent or semi-transp%%ﬂfst"c?%?)‘%zg
than about any one of. 25%, 40%, %0%,60%,75%, 90% and 95% of the
visible light spectrum so 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
apkaidoied enthdiimen thihsehbaipingamenay bs afrangdddalsepaaieihe
lens zones. The absorbing means may be arranged to absorb incident
phgFemohtmiishiay the beiterg oisbe lensgagrenieniperionids aratigni’s eye.
which passes through the lens and is associated with vision above the
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from, for exam the Jhorizon, sky or the artefacts such as glare
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PCTIUS2007/008328 16 an optional embodiment, the absorbing means

devasepaleangall te absgibdfgr eptitnapoptainion e dightanpemiapitom of
the lens when orientated inside a patient's eye. [0039] The refractive
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It will be understood by a person skilled in,th? art that in producing the
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HIMIARPRS ISiERRIRthan light having a small angle of incidence. As such,
optical aberrations, such as glare, haloing, blurring and/or colour fringes

[606 I Qe ditehedacOteise vitichitidraions pofdghr miogéesaffiiceidsithe optical
lenses, lens zones and/or the anterior or postérior surfaces of the single or mutli-focal
optical device can be coated using known thin-film coatings.

[0042) In a preferred embodiment, the index of refraction of any such thin layer
should be approximately equal to the square root of the index of refraction of the
optical 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 specttum. 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 more surfaces of
the optical lenses, lens zones and/or the anterior or posterior surfaces of
the single or mutli-focal optical device can be coated using known
“fﬁiﬁq?ﬂf%?:ﬂétings. [0042] In a preferyed embodiment, the ind&xgfS2007/008328
refraction of any such thin layer should be approximately equal to the
square root of the index of refraction of the optical 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
bintatiesdNsehi hiyyrpeditne ef bhewisi ESame/ and 0 BN isinkesspaidisnsda. aln a
preferred embodiment, the thin layer coating has a thickness of between
g Prelinesl endediment afithsrinpeationed eominsund el tifecahpplgpb device
coating has a thickness of about 137.5 run. In an alternative embodiment,
heR @ RRiPF IHPEP HBATHE 78D asi AR e RSP A Y R OB P Y SR ARG A B m.
d{{:f‘é\éj” p%lumngl%gl%cs)sdeghat where the IOL of the present invention is to be
Used to reduce optical aberrations at the blue end of the visible spectrum,
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Alternatively, where optical aberrations at the red end of the visible

nEReekium Areridd/VExid0NEELE(i4 A0 RGTd 52914 BPRBIBh U dnhadaahleatdeds,
thin layer coating of between 150nm and 187.5 run should be used. In a

inploding biedapgeirbooderdrgbMiranmyentishing ebpmrpphiddsolitisaaer deposit.
optical device has qne or more thin film coatings and, optionally, two or
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uori magnesium fluoride may be applied by any suitable means,
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or deposit. Further examples include silicon dioxide (refractive index of
Idcéhgiand Siyhiien o (afisaivialinceyrdideut srami sty rickisl eveindhodlimhen},
any of the aforementioned
While it is contemplated that silver and aluminium can be used in the present
invention, it is necessary that the thin layers be deposited uniformly. Alternatively, a
thin metal layer of thickness identical to that of the thin layers outlined above may be
used alone or on one or more optical lens, lens zones or optic 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-
MATL.
[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 usunally between 0 and 1.5 diopters, while
chromatic aberrations are usuaily 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 combined with a thin metal layer formed from nickel,
chromium, Inconel and Nichrome (a material comprising substantially
nickel and chromium). While it is contemplated that silver and aluminium
VEAABEILEEd in the present invention, it is necessary that thBGRiESpaids3z8
be deposited uniformly. AIternativeI)’/? a thin metal layer of thickness
identical to that of the thin layers outlined above may be used alone or on
one or more optical lens, lens zones or optic device. 100441 In a further
preferred embodiment of the invention, the lens assembly includes a
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blue light. Such a lens may also optionally include a yellow dye, such as

tHedst@aivy, aleweRSsbidily| 04t for prefe 1 esiasphadinepi@fdaberration
invention, the lens assembly can correct for spherical aberrations and the

antiromptic Abshemersofsldefiatid heaationlel eye. Spherical aberrations
of an eye are usually between 0 and 1.5 diopters, while chromatic
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ment o ein 1on, lens assem orrects 1or up
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18 and/or up to 5 diopters romatic aberration. In a more preferred
penibodinaanicat ihadmbionticacinmigng abaeredhconeatsrtosfupdieds5

diopters of spherical aberration and/or up to 2.5 diopters of chromatic
agisablitioln QU48iThd ambefement.cheoddimge i of et cesid ifdrsesased

acting on the haptics compress the lens assembly of the IOL, altering the
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increase in the radius of curvature of a portion of the lens assembly).
réima. | .
S rbulglng changes the curvature of the lens assembly. In a preferred

{Wﬂl@%sggﬁmgcﬂﬁﬂ@w R PSS M ERREFvention is able to
increase refractive power when exposed to the normal compressive forces of the
zonules, ciliary muscles, extrinsic muscles of the eye, any changes in vitriol pressure.
Such compressive forces result in asphericity of the lens assembly, bringing objects
closer to or further away from the 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 arrangemeﬁt resuits in a baseline
refractive power due to the second portion, with a vanable 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.
j0049] In a preferred embodiment qf the invention, the asphericisation of the iens

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



refractive power such that the lens assembly focuses objects at shorter
distances onto the retina. [0047] In a most preferred embodiment, the IOL
of the present invention is able to increase refractive power when
VERBHYEd #ehe normal compressive forces of the zonules, RIS HIERS28
extrinsic muscles of the eye, any chi&hges in vitriol pressure. Such
compressive forces result in asphericity of the lens assembly, bringing
objects closer to or further away from the patient into focus. [00481 In an
alternative embodiment, the haptics are arranged to act on a first portion

19b{Re LRSS eMDlYy for fspie!eIA densre Qe QPUGBbIARNEUHR that
the first portion of the lens assembly undergoes asphericisation to a

agphatieisantanstihnd RiscosabpoiiaraabinRd eeBarbse mhber Optitaly by at
such an arrangement results in a baseline refractive power due to the

lesst @riigpeartio ninwithaaeendédshed efrboimpunbe dspheddiyetidifief érciens
between the refractive_power of the first portion when the muscles of the
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refractive power of the lens by at least any one of: WO 2007/117476
a5 F AN &2 helphedicBatioh of tife Bn9 apdehkibBianifiSctigemore
preferred embodiment, the asphericisation.of the lens assembly
riforetiisepomier ef the ficrs hovirenp R tieedidinpisysat least 2 diopters. In a more
referred embodiment, the ather|C|sat|on of the lens assembly
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asphericisation of the lens assembly increases the
less than 0.5 diopters. In such an embodiment, the haptics of the IOL may be

arranged to act on the deformable portion of the lens, for example by positioning the
haptics to be in the same plane as the deformable portion but not the same plane as the
rigid or substantially non-deformable portion. In is contemplated that such a rigid 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-deformabile 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 from 2 to 4 diopters. [00501 In an optional

embodiment of the invention, a portion of the lens assembly may be rigid

or substantially non-deformable, such that asphericisation does not occur
Vit #9&d dteoccur to an extent such that any increase or dediekd&pf 7008328

) : 2 .

refractive power is less than 0.5 diopters. In such an embodiment, the

haptics of the IOL may be arranged to act on the deformable portion of the

lens, for example by positioning the hapti cs to be in the same plane as

the deformable portion but not the same plane as the rigid or substantially
pocivochosadbiepodifoent the defotempletedtihatsarheantigie affa first material

substantially non-deformable portion of the lens may provide a minimum
apsrthesvdiepiadayaimatie vedsaiasiecppdivateinlpriiideontemplated that the

accommodation in response to compressiye. forces acting on the 10L.
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o gdggp{ii wedifo placement against the posterior capsule of an eye.
ptionally, said rigid or substantially non-deformable portion of the lens

(008 edHslibmapiicahriirsieneft8s Reuia-3ResatisR poaledday further

astigmatism. [00521 The lens assembly may further comprise a stiffening
claygrithatidistifertitafiortpecdisfingraibiper tion. whiahprefieriaidiom the
embodiment, the deformable portion is disposed between the stiffening

defpemable Bestiagienay supd o6 smereshedien thedtfomeb oprtioryis ggformed.
PCT/US2007/008328 20 portign. In such emhodiment, the deformable
TSR RTS8 MRS SR Frat AATEPAPERA & BARBATY TRP8! MRriumatte
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rmable, stiffening and rigid I non-deformable portions need not be

[6tRaoal o [RRER1 dmsstatiaiatiR ambakinent dBRHeisraaife abeidot
portions may further comprise a relief portion for providing a volume into
enteieh iniide diatfrafarthdal edge of the IOL. In such an embodiment, the
deformable portion may be any shape, as discussed above, including circular, oblong,
torus, semi-torus, triangular, star or any other geometric shape. In a preferred
embodiment, the deformable portion is a central circular portion, either having a
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 5mrm.
{0055] In a'prefcrred 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,



deformable portion may expand or enlarge when the deformable portion is
deformed. The relief portion may comprise at least a portion of a
periphery about the deformable portion and/or one or more voids within
WRHEIb i &ble portion. [00541 In a further embodiment of tH& HVEHIGAIB328
the deformable portion does not exténd to the circumferential edge of the
IOL. In such an embodiment, the deformable portion may be any shape,
as discussed above, including circular, oblong, torus, semi-torus,
triangular, star or any other geometric shape. In a preferred embodiment,
[00S6] SO paltie RO Hinbolsia &R i #h€ kLR 0 EinRpRINBH REVIHRhap S iFan
point located at the optical axis or otherwise. In such a preferred
irendaselimeittiotipecshivrn eterl tf ith hd dforstmivie phttioiens askesisty2iom. the a
more preferred embodiment, the diameter of the deformable portionis -
ufieppEsteb AR SHRE frpbahosetirete rYe-elhiscumianplatrd that such
diameter of the defor ablﬁe%i_gotr.tion is rea%t r éharbSmm. [0855[ Ir(1i
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invention that compressive forces may act on a lens with’a concave
Sy RES BRI R GellBRSe Mifn RO R IRMpHER SWHAcR, Rhafddo
aspherisize a convex lens located.towards the posterior of the IOL and
ctivepeyssian bbthechephinsles @viag tosdanratie hressaha clive npowerebértied
lens, in accordance with the ranges discussed above. WO 2007/1.17476
epbadivspdhrionssserbly 5026 FIRsi S RYSHRE St SHim dnerctipn to
invention, co r%ssion of the hagtics or.an lincrease irf vitrioﬁ_’l?ﬁpres§ure 3
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translation may increase the refractive power of the lens by up to about 2

t6liQpigreRtin bITHD Wighsn skatiomdRaRe s HaBe’dinERieLNe, the

invention, the lens assembly
haptics may translate the lens assembly by greater than 3mm in reaction to

a
10pters per

compression of the haptics or an increase in vitriol pressure, proﬁde.d such a lens
assembly is sufficiently small so as to avoid damaging pressure on the capsular bag.
Optionally, in such a preferred embodiment, 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 beiween 10 and 40 diopters of correction. In a more preferred embodiment,
an aphakic IGL 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 more than 1.5mm from an uncompressed state in

reaction to compression of the haptics or an increase in vitriol pressure.

In a more preferred embodiment, the lens assembly may translate by
WROT®HEH Pmm in reaction to compression of the haptics oF G ePaH4s328

in vitriol pressure. In a most preferréa embodiment, the lens assembly

may translate from 2 mm to 3mm forward in reaction to compression of

the haptics or an increase in vitriol pressure. Optionally, the haptics may

translate the lens assembly by greater than 3mm in reaction to
[665BP1RSSIRPratDeNBPIEa-At BRINCIARAGHA, UlHRAIREERSUIRnPENARTY

such a lens assembly is sufficiently small so as to avoid damaging
pprekiue=tvetha capsidaidpers Gptoratipnin Bucharpietfuesi embodiment, a

embodiment, the diameter of the lens assembly is equal to or less than
pivkigi M eensassraplypirotides peitasn diwrth Ipadiopiars o ikerectif@osn e In

a preferred embodiment of the invention, an aphakic IOL lens assembly
f‘b?&ﬁd@%‘ﬁ@ﬁﬁfé&ﬁdlﬁ’ﬁ}?&‘mﬁo%@é‘& %b%ﬁoﬁ???ﬁ‘ﬁ‘ﬁﬁffb“&'&f@%’&m 3
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a'alopters Correction. In-a further more preferred em giﬁmnt, an
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correction. In a most preferred embodiment, an aphakic I0OL lens

pessenshijlqdrbvibe srbetw deteritl e dsidgdiaptdrsro tadmeriinn pligH diameter
contemplated that a person skilled in the art can determine, using

ap tefmterablems sisg ynp Shargidhredioriera vheoeeiian ewisprbinadpalap EOL
the diopters of correction required in an aphakic IOL for each individual

n R R BB PAIF M 76 PCT/US2007/008328 22 100581 In a preferred
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tween lopters of cofrection. In a fMore preferred embodiment,

phRbkis @AlefraS,8%e MR b PiAVIdaRPelUesR A @Bl haPinRriers0b, 3, 4, 5,
correction. In a further more preferred embodiment, a phakic IOL lens
6agsanshiyoptayite s betdicen) 56, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29,
30, or 40 diopters due to optical aberrations in a patient’s eye or due to ophthalmic
surgery or disease, including but not limited to: damage to the comnea, LASIK
surgery, LASEK surgery, implantation of foreign bodies including ienses, the
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, +35, +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 most preferred embodiment, a phakic
IOL lens assembly provides between 6 and 8 diopters of correction. It is
contemplated that a person skilled in the art can determine, using
Weakpsfrdhittechnology, pupil diameter and the natural lens sPAET&a08HEFHS28
the diopters of correction required ifa phakic I0L for each individual
patient. 100591 In an alternative embodiment, the above ranges provided
for both phakic and aphakic IOL diopter power can be increased or
decreased by any one of: 1, 2, 3, 4,5, 6,7,8,9, 10, 11, 12, 13, 14, 15,
ohBotT5 18, 19,20,123.1220 285 24, 35, 2aidle Rtheandts ShARN ABLRES
- due to optical aberrations in a patient's eye or due to ophthalmic surgery
Somilisha $e pinohgekng yeUienotésinte chtodidifneage hotthex drabiphHeAt Silkpter of
surgery, LASEK surgery, implantation of foreign bodies including tenses,
ceechrasent be e b inrire glvakiecten pimkhe e o 3R diopters. plesence
of an ophthalmic devjce. [00601 In a preferred embodiment of the
PR ORTRIb AR B PS B COYFERAB o5 AT 5, Y FeR dne gl figpter of
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multifocal lens assembly s used, a near focussing lens zone may require
apiBerepse chaieRiRrat CPURGIGMehBIPIRNG: Oitior 2hd diffd edcd bebwitdn
+8, +9, or +10, relative to the ranges outlined above. Similarly, a distant
theduigseagdimpserzehommayisaquidehe eargaliegickafterrofction éctionwedafipm
one of -1, -2, -3, -4, -5, -6, - 7, -8, -9, or -10, relative to the ranges outlined
18uBontersistlys divpiesPmenrarcmie lionisT ehsUBrioRAf AarEswive lens

decreased or increased diopter of orrec_tio%gf any WO 2007/117476 )

R PRSI OTF/BOESIE WS SHEIRFL 800y e. ieydige fosevithyrespect o aphakic
Orel i ﬁ:tlg)ﬂf'e ranges outlined above. Similarly, in a progressive lens
553|gn, the difference between the highest diopter of correction and the
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assembly or a deformable portion thereof increases the diopters of correction by any
one of +1, 42, +3, +4, ”*‘5:.".’:6,’ +7, +8, +9 or +10 dioéters. In a more preferred
embodiment, the aspherisation of the lens assembly or a deformable portion thereof
increases the diopters of correction by any one 0of 0.5 t0 3; 0.5t04;0.5t0 1; 0.5 to 2;
1t02;1.5w02;1.503;2t03;2t03.5; 2.5 tw03;2.5t04;3t04;3105;3.5104;3.5
to 5; 4 to 5,45t05;5t06,5.5t06;6t07;61t010; 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, -8 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 0o 0.5t0 3; 0.5 t0 4;

05t01;05t02;1102;1.5t02;1.5t03;2t03;2t03.5:25tc3;25tc4;3t04;3



preferred embodiment of the invention, the difference between the highest
diopter of correction and the lowest diopter of correction is between from

5 diopters to 20 diopters. In a more preferred embodiment of the
WREATIBH 4The difference between the highest diopter of corfécHBraHP tREs
lowest diopter of correction is betwéé&n from 10 diopters to 15 diopters.

The average diopter of correction of a progressive lens may be any one

of the values outlined above, including those with respect to aphakic or
phakic IOLs. [00611 In a preferred embodiment of the invention, the
t@spharisatjonsabthed ens; assensblyweasisfersadle pFtendhersan; 8 o 10;
increases the diopters of correction by any one of +1, +2, +3, +4,+5,
o5, 5, 4y [08}ieBays. #eRdVetets: tangasaliequesfel rbdvembodiment, the
aspherisation of the lens assembly or a deformable portion thereof
I*?Hé)?ééwspﬂ?éemﬁb@?gc@%ﬁ*eﬁi% Byerirantietensigson efthglenp 5 to

1; 0.5 to 2, 2;15102;1.5103,2103; 210 3,5;2.5t0.3;2.5t04 310
sspe bt eaps oy skt eiraecs (Bepne & Rt by

ohd 8% 830.0:.0r. 551 40, fligptets elaive dpithe iandas.disaussed

above. {00621 'In an alternative émbodiment of the invention, the
eAthharealian efthamianscpasaiahlyeeatie oy makia-pastiopairieofeasdhe

collapse of a concave portion of the lens assembly, decreases the
inticpetesdlnf dopecsiof doyrasfoorhy ehylon@of®.54¢ 1,05 to #; (8BS 18 brCHGo 2;

diopters. Ina mor%)greferred embodiment, the aspherisation of the lens
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the ranges discussed above.
of a patient in either the anterior chamber of the eye (phakic), or the capsular bag of
the eye to replace the natural lens {(aphakic). When implanted into the anterior
chamber, the IOL can be positioned in front of the iris, or between the iris and the
capsular bag,.
[0063] 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. Ina
most preferred embodiment, the IOL is positioned such that the lens assembly covers
at least a2 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



[0063] In a preferred embodiment of the invention, the translation of the
lens assembly or a deformable portion thereof increases the diopters of
correction by any one of +1, +2, +3, +4, +5, +6,+7,+8, +9 or +10 diopters.
WRZWBHE pieferred embodiment, the translation of the lens BS3&MHIY (P28

deformable portion thereof increasés the diopters of correction by any

one of 0.5t0 3;0.5t04;0.5t01;0.5t02; 1tot;1.5t02;1.5t03;2t0 3; 2
t03.5;25103;251t04;31t04;31t05;3.5t04;3.5105;4105;451t05;5
to 6;5.5t06; 6to 7; 6 to 10; 7 to 10; 8 to 10; or, 9 to 10 diopters, relative

pleitherlanass discusaachab oy anOfd napsataitad sResimanLafithe

invention, the IOL is implanted into the eye of a patient in either the
effatexddchifirntiphihayadahbkidgonr ihetipsofahdagetbiRaleye e eye
replace the natural lens (aphakic). When implanted into the anterior
ochepaier it 1102 papfdecp gsitiodeeein, lonholegwnilier opdrengecrntmauiiiste
and the capsular bag. [0065] In a preferred embodiment, the required
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may be ro er ape. Afterimp

<alowed ipoipanipulated to unfold or unroll. In a most preferred
embodiment, the IOL is positioned such that the lens assembly covers at

[dea3] dnpoitiembbiiacmpicdiopiss{PIaokdituisciliitisthe-d ansassian of
fluids and/or nutrients about or through the 10L, including from the
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the lens assembly may comprises a plurality of holes and/or openin
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assembly. Tn"an opfiona embodiment. the transmission 15
QA) at a junction of anterior and posterior optical surfaces. The lens 12 has two pairs
of opposed, flexible haptics 14A, 14B, and 15A, 15B extending from circumferential
edge 8 of optic 12. The haptics extend along an associated haptic axis HA: haptic 14A
extends along haptic axis HA-14A, haptic 148 extends along haptic axis HA-148,
haptic [5A 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.
[0668] Each of the flexible, haptics 14A, 14B, 15A and 15B are flexible and “loop-
like" or "paddle-like”. As used here, the ferm "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 fmrtions thereof which are joined to



effected by offsetting the lens assembly from a portion of the interior wall

of the eye or capsular bag. In a preferred embodiment, the holes and/or

openings communicate with both the posterior and anterior surface of the
WORNMAIAM Alternative embodiment, each hole and/or openift§ T/US2007/008328

communicates with only one of the Posterior or anterior surface of the

IOL. [00671 In one embodiment of the present invention, as illustrated in

FIG.1, an intraocular lens assembly 10 includes a lens portion (the

"optic") 12 extending along an optical axis OA between an anterior optical

184 iach and aesiRr Rl auRseuiNGIRNS FrakiieniOhiaRa4a

circumferential edge 8 (disposed about the optical axis OA) at a junction
epfcadidreor enndBFo bt iandBicd B ciaeadinp o BapR ddd ) HApaHA . Of
opposed, flexible haptics 14A, 14B, and 15A, 1513 extending from
[ rincheriiias tetribeg bediptrn 20 TS hhpis reme ntioprrghlexible, loop-
associated haptic axis HA: haptic 14A extends alon &% haptic axis HA-14A,
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number of haptics may be employed. For example there may be N
ehaidiiaanvyguine Nrissyannietegaly[00 6 canifepdritisl HoxdBenaptiag 416Ag

14B, 15A and 15B are flexible and "loop- like" or "paddle-like". As used
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example, having a "C-shaped".qrb-shaped peripheral edge, jwith uniform
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haptics 14A, 14B extending from opposite portions of circumferential edge 8 (ina
plane P) along an associated first pair of haptic axes HA-14A, HA-14B and a second
pair of haptics 154, 15B extending from opposite portions of circumferential edge 8
along an associated second pair of haptic axes HA-I5A, HA-15B, wherein first pair of
haptic axes and optic axis QA 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
HPZ2. 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 infraocular lens assembly uses an angle A with an
approximate range of 4-7 degxées. It shouid. 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

symmeirically about its associated haptic axis.



lens 12 at associated portions of circumferential edge 8. For example,
haptic 14A extends between EP-14A and EP-148, extending along haptic
axis, HA-14A. [0069] In the illustrated embodiments of FIG. 1, two pairs of

voppesad7ftexible, loop- like haptics are spaced equidistant &rOBmE2007/008328
circumferential edge 8 of optic 12. THis symmetry provides the comfort to
the patient and stability of the lens. Alternatively, two or more loop-like,
flexible haptics may be attached at differently spaced, non- equidistant
points or asymmetrically on a circumferential edge 8 extending along
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may be attached, depending upon the individual eye anatomy or vision
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assembly. [0070] As shown in FIG IA, the intraocular lens assembly 10
Nheludisl a Alstrpatitvely hagplicst Eha higR:exten dintd fehmeoppoitepboeticins
of circumferential edge 8 (in a plane P) along an associated first pair of
FhEStid anddAAbe footplates A8 arpiintematiy dopandaimibsitistalsad ppach
extendipg fr osite portions, of circumferential edge long ]
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and wherein' second pair of haptic axes and optic axis OA are coplanar in

FP-3800nd apLiIs PlaRBoR 3ytaddiinn dhafite DaptieRBRSEPLE HA-14A,

perpendicular to second haptic plane HP2. The haptics are angularly
Hilsp e dd Avitharespelidtol 8Bt tabthds embodirection thareay dsoba anmdarizr
optical surface by an angle A from the plane P transverse to optical axis
foyap! piesteramiginrally dissesedrakert hesusnsipiddwntic aniie Byway ah
approximate rapge of 4-7 degrees. It should also be noted that each
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the haptics may not'include any footplates éxtending symmetrically about

tHa: 36sQuiaietnaRtisransiably RrAlRTHL Ihed MetdbSEORNMA0833%: for
minimal contact with the eye structures yet provide the required stability for the
desired visual results. FIGS. 5A-5E and 5I show loop-like haptics, where FIGS. SA-
5C show uniform width haptics and FIGS. 5D-5G show non-uniform width haptics.
FIG. 5H shows paddle-like haptics.

[06672] FIG. 2 shows an intraccular lens assembly, similar fo intraccular 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 accommeodate the angle-to-angle measurement of the eye and curvature of

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



27 [00711 Each haptic includes M footplates FP extending symmetrically
about its associated haptic axis HA, where M is an integer greater than O.
In one embodiment, M equals 1. Alternatively, each of the haptics may
WidEatMdg @any footplates. In FIGS. 1 and | A, the footplate$ FPUapa07/008328
integrally formed on the distal end dfeach haptic HA, preferably at the
apex of the haptic. As illustrated in FIG.1, each haptic 14A, 14B, I5A, and
15B includes an associated one of footplates FP-14A, FP-14B, FP-iSA,
and FP-I15B disposed symmetrically about its associated haptic axis
ik ahdAdivital B difs 294 Aandlebfinkay R ihey Lnbedineets- ke
may be multiple footplates symmetrically disposed about the associated
niapieses dyhwaytehtaarie oua koo ddotplgiepdniiz hratioh sareptical
shown in FIGS. 5A-5I. Note, in one embodiment, the configurations may
zpig-have any footplates. It should also be noted that footplates FP are
referably lenticular-shaped in cross-section to allow for minimal contact
['\?Wﬁ]tr‘%’%ﬂ}375fﬂ?étBPe%'?}é‘t‘b?%\‘}?&é%‘érfélq‘?}ﬂBEF%Péﬁﬁl‘s‘i"l’BF‘ﬁ‘r%“%féé?Féﬁ for
visual results. E Senf\n2k ﬁnd 21 show qug-l@ke haptics where BIGS,
a
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an intraocular lens assembly, similar to intraocular lens assembly 10 of
ubtd . abdatenggqiaad ‘iddedinediby, optical2axisyhAvanbelsaptictibixisiess at

HA-14A and HA-14B. Optic 22 constitutes the optical portion of the lens
cgagahpblyion Ré astieirzoabuaptisheden Zhteriepipt arsonddanay hpthinner
tg%‘sterior optical surface 26. The combination of surface 24 and surface

mzsPrussroielid .t Germty Subetimaahyitdmsireshobqpuc 22 15 1 mm.
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concave-convex, or other Known form. lameéter of optic 22 can vary
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and curvature of the eye. The overall length of the intraocular lens (optic
remevieagptioghtoopadiisede®A. Vault distance V for assembly 20 is defined as the
height of the lens assembly measured from a line Q, which is drawn horizontally {as
shown) between footplates FP, to the apex 29 of inner optical surface 24 and along the
optical axis OA. Angle A is in the approximate range 4 to 7 degrees, or more, as
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 intraocuiar lens assembly to be situated between the natural
crystailine 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, exiending

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 "ieft



WO 2007/117476 PCT/US2007/008328 28 into an individual patient's eye
is determined by adding a 1 mm white-to-white measurement of the
patient's eye. In one embodiment, Optic 22 has a 6 mm optical zone.
WOoQ¥BYpte 22 may be ground to the required diopter meaStFEMEIHS /008328
necessary for vision correction. Thé’lens may be a negative or positive
meniscus lens and may include correction for astigmatism. Depending on
the refractive index of the material used, and the required vision
correction, optic 22 may have the same thickness at central portion 27
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circumferential edge 28. In one embodiment, the thickness of optic 22 is 1

iRAivatd @ 4hdncanathembmbocimenty stlbiaiesangith MiGens Baxiblanlited-
haptics 14A and 14B extend from circumferential edge 28 of optic 22 at a

fetigimdanglefiAdiagomal plagraafiotr afisater deanl tBevaptid ahdixigcOiat Yag[assembly
distance V for assembly 20 is defined as the height of the lens assembly

3 basbred irphaEatie obIFATs AFIRICHER FBMERY (as shown) between
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X IS In the approximaté range egrees, or
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Pre y angle A is one that, when in combination with the size an
ishanpgnairthesontie apddbedidiadaptieaganekhctaanoilaikiang dhen
anatomical angle of the eye, provides a 1 mm vault distance V, although
aptie pifaell fdistantes curitbwuised: divectiaust distalevéctneunbs falfied datbe

clearance for the intraocular lens assembly to be situated between the
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the user (surgeon) in
[0077] Suitable materials for the lens assembly of the invention are solid, flexible,

foldable optical, non-biodegradable materials such as hydrogel, collamer, collagel
(hydrogel-collagen blends) acrylic polymers, polymethylmethacrylate (PMMA) and
silicone polymers. The lens assembly may also be made of a composite of materials,
i.e. where tﬁe 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 postenor chamber

bag.



the identification of orientation of the lens assembly during implantation.
The "left WO 2007/117476 PCT/US2007/008328 29 diagonal" orientation
of the tabs is shown in FIG. 3, as viewed by the surgeon, indicate that the
Wergiaddetibly is correctly implanted, with the lens being valitddESBRTAPE328
A left-diagonal orientation of tabs Asgnd B would indicate that lens
assembly 30 has been implanted in a backwards or reversed manner.
[0076] The preferred embodiment intraocular lens assembly of the
invention is designed to be foldable to facilitate insertion through small
(609 QRFIBE AN AN Y LRI IR RGN AsI§senThs 6¥ERS AR b8l dRManted
along axis A, transverse to axis A, at an angle offset from axis A, or in
isshdvateidithe tansiof ehaevicefaha e ided ifixditied aptle hag)y 4t.any
point in the flexible haptics, at the junction points between the optic body
Adieengiiy dhoxilhie iTabstic KO brodihsfiniveniisovaaY s topleetehin eefpdtegiovith
cSin%gq or multiple folds along each direction. [0077] Suitable materials for
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hydrogel-co agen ( crylic polymers, p ylmethacrylate
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a composite of materials, i.e. where the flexible haptics are fabricated
(diswal poenepderElaacdhdapies dnphe Anohar tratenafuiatiexam@lement of
acrylic optics and hydrogel haptics. Where the lens assembly is used in
nifferaiphitic liye [dis i Blis, unobrsis sl da the, mastrsingl shammbend 2 pidfe rréatively
For example, for the aphakic eye, the lens assembly may be made of all
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lg, the lens.assembly may be m erile .. .

R, R SRR Vet 30 Bl Wension o s,

iRpIRAGTHREIMuIL bag i HEAG IR RiMNGERN L ARAEALPHIRSC Y., of the

oreover, in various forms the lens may be
invention may be implanted in the sulcus of the eye. Lens assembly 40 is positioned

in capsular bag P, behind the iris 46 and comea 45. An optic 47 of assembly 40 has
flexible haptics 49, along with footplates FP (distal from optic 47), extending into
angle 44. The relatively low vault height of lens assembly 40 insures that it does not
contact cornea 44.

[6681} 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.

16082} 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 chamber, the posterior chamber sulcus and the
posterior chamber bag. WO 2007/1.17476 PCT/I3S2007/008328 30
[0079] In FIG. 4A, a phakic intraocular lens assembly 40 of the invention
Withplemtedt7is shown, in the anterior chamber of the eye 43 {3 HA8328
the angle 44. Alternatively, the phakic IOL of the invention may be
implanted in the posterior chamber of the eye and fixated in the angle.
Lens assembly 40 is positioned in anterior chamber C, between cornea
45 and iris 46. An optic 47 of assembly 40 is positioned over pupil 48.

obtiX191e ARRNGR AN SHIE M QARG /W TRRIPIAIGR KR o (1R 1.

optic 47), extending into angle 44. With the configuration, movement of"

ARG AR taiingnsng) 50 is unobstructed in the posterior chamber 42.
The relatively low vault height of lens assembly 40 insures that it does not
[@8XpDE EOthSaideff3080]dichiGsskhtdn $pbhiltic intration Arldmstwo haptics
assembly 40 of the invention is shown, implanted in the capsular bag of
8t Sbirecuposiidornemnsssige EpRakishodn blackhivéribresmphihese

implanted ip the Stgﬁ

Icus of the eye. Lens assembly 40 is positijoned in
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extending into angle44. The relatively low vault height of lens assembly
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view of an intraocular lens assembly of the invention has a first lens zone
réG2tfon itsteomnethstive/fomes acsipgprnltlenisaptne &3 §ér near vision; a third
lens zone 64 for distant vision; and a fourth and fifth lens zones 66, 68 for

[M9Rthhumeatimsrshabioss e intraesuarliacesugobbeabiha inesptirmcan be
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or an aphakic intraccular lens assembly. Phakic intraocular lens irnplantation is
becoming more popular because of their good refractive and visual results and
because they are relatively easy to implant in most cases (Zaldivar & Rocha. 36 Int.
Ophthalmol. Clin. 107-111 (1996); Neuhann et al., 14 J. Refract. 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,.

10085] Phakic lens assembly implantation ﬁsing the inﬁaocular lens assembly of the
invention has advantages over other forms of surgical vision enhancement. Unlike
laser surgery, the implants are removable. The natural crysialline 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 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
Wip#arigndes 70, 72, 74 within the WO 2007/117476 PCT/US2007/008328

PCT/US2007/008328 31 optic 12. Atternatively, the first, second and third
optical devices 70, 72, 74 may be fused together (not shown). [00831 In
FIG. 8, a deformable lens assembly 80 of the invention having two haptics
82, 84 is exposed to compression forces (shown in black). As a result of
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such that the deformable lens assembly 80 alters shape to that o
(Rieformetale payck bl 86 R dhisdSangeAdppla odthe accommodation of
the IOL of the present invention in reaction to compressive forces acting
1088 ¢h & srapribakaplcas apgeshly Aunisatatime thaboveothlahtrscsatntbref the
assembly of the invention can be usefully implanted into the eye as either
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Ophthalmol. Clin. 107-111 (1996); Neuhann et al., 14 J. Refract. Surg.
supfidi?PpldBiaayrfioadardefizdoeatdd Bekindataciiz éfr el pSstegiod 8haber. The
(1998); Sanders et al., 24 J. Cataract Refract. Surg. 607-611 (1998). The
hapiitdenstforturan dehseiraemdan jeramesamblyigl shellary e)siom Svatd depatistal
Little surgical injury occurs to the ocular tissues during such implantation.
heptie H"tﬁb"%ﬁf’g{ié&liﬁﬂ&l O EBI (RS B RS *ﬁb‘Hfiﬁ of the

ugsiciable. Imediele, AaCIANigg. (00851 Phalic lens assembly
Implantation using the i trabcular lens assembly of the invention has

[ R SR MR RAMEEA Y SUESIRb YRR IBRO ASLEBRNF elikOention
can generally be performed as provided by (Singh, emedicine Ophthalmology (2000}
http:/fwww. emedicine.com/cgibin/foxweb.exe/showsection@d:/em/
ga?book=oph&topicid=662):

[0G88] First, the administration of local antibiotic drops is begun. A useful antibiotic
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.

[6090] 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-



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
VHY pEYBia 16 not yet as popular as patients with WO 2007/1 FIA7652067/008328
PCT/US2007/008328 32 myopia, btht primarily because such surgery has
not been available for as long (Fechner et al., 24(1) J. Cataract Refract.
Surg. 48-36 (1998). 100861 For a phakic lens assembly implantation, the
intraocular lens assembly of the invention is preferably located in the
HRABIQHRLCRAMNG b ava. holonintiRe: ARRIQRIItRIMALLIRYEOR-Ied
intraocular lens of the assembly invention can be either an
wathgiglisgpported phakic intraocular lens located in front of the iris or a
sulcus- supported phakic intraocular lens located behind the iris in the
(93 Aorcskapsseiumilie ubeh i kv fee ofdb o sutgicalt fdd Ul ppienand lower
assembly of the invention fixate the distal haptic portions of the lens, thus

lid ueeings Arefb e BORPEALTERPIS ALTUES ARBRG BrRHed iR el e sergHm-
its proper position. [00871 The implantation assembly of the intraocular
U SRR TR G lab e R AHan A BRI Bu e 10 VRO of
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antibiotic drops is begun. A useful antibiotic is Tobramycin 0.3%, 1 drop,
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drops, administered for example at 15-minute intervals, starting 45
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anesthesia can be pen%rme on the pgtlent, but local anesthesia is
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can
invention into the eye, two side ports are made to introduce the instruments that are

used to fix the iris to the haptics. The width of the incision depends on the diameter of
the intraocular lens assembly of the i-nvention' (being, for example, 4-5 mm)}. The
incision may be made at the limbus or in the clear cornea. If a pocket section is made,
wound closure (see, below) can Se 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 irison a
horizontal axis withfalcyclodialysis 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
iens 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
comneal 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 minutes before surgery. Orbital compression is applied to make
the eye soft and to reduce orbital pressure. [00901 For preparation of the
surgical field, the periorbital skin of the patient is painted with iodine, then
V2 1984dHTE is applied. 5% povidine is also applied two WORSTOHA00 7498528
PCT/US2007/005328 33 three time? to the lid margin and the conjunctival
fornices. Then, the eye is washed with saline. [0091] An eye speculum is
used for exposure of the surgical field. Upper and lower lid sutures, as
well as superior rectus sutures can be applied in place of the speculum.
plpisube alase REACRGY BLAMNGT RESRMiNA) HaeSiNg RISSHE vARRI8GHBulties.
the surface of the eyelids, is used to pull the eyelashes. [0092] For
Theakapd csrpetlcintigdpdgatinehin argiins thesiohbeport diardcaniiie, hhdantamois
made in the anterior chamber. This injection is started at the opposite
chasires. of $hheyais el thd ey anrsons dvaptace Buid seststndley thitsibary
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introduice the fnstruments that are used (o |xt e irs to the haptlcs The
puddihefiine dncisiandsnends orcie dRMRICERbutNGIRI3PSHIAIRNSThe
assembly of the invention (being, for example, 4-5 mm). The incision may
iinglanasicl aistiepliritiusedrse thedfloleart dhridga ndtebpaskdt section is made,
wound closure (see, below) can be made without sutures. The intraocular
9941 ABenmsyinsraprulanlans saseatithehthe inrstioeds imnkwsted, the

pre-crystalline space with a gle tur forc s the lens is pasitioned, fqor
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center the optic on the pupll. During i plantatlo
24-gauge cannula). The intraocular lens assembly of the invention is fixed to the

anterior surface of the iris by the haptics of the lens. To acﬁieve fixation, the haptic
holds a fold of the iris on either side of the pupil. The anterior chamber is washed
thoroughly with saline. The pupil is contracted with intraocular acetylcholine 1 %,
carbachol 0.01%, or pilocarpine 0.5% solution. The incision is closed by hydrating the
corneal incisions. A sufure rarely is needed.

{6095] In another embodiment, for impiantation 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 4-5 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



the phalcic 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
Ve a8rid ddhtact with either to prevent corneal damage, profferdfieiy geoss2s
corneal epithelium on the anterior stitface of the lens causing
opacification, or iris. If the lens is not positioned properly with respect to
the WO 2007/117476 PCT/US2007/008328 34 pupil, too much light may
be admitted to the retina, causing serious vision difficulties. The haptics
oHERGIAIA ey haiaRHisoRE tRSRRIBHACHRMBPRE SO BRIGTIRle
chamber of the eye is filled with the aqueous humor, a fluid secreted by
stitfaail i thepsptie$segdissingdeoim the. FastatiNochiaathesdn Keatitalior
chamber through the pupil, and from the angle of the anterior chamber it
hpldisedemdateenspadechoinieatha antetive cheuthsatbroilizhisughintcisiitis
filtered into the vepous canal of Schlemm, The implanted lens is
opisTioRE QRS A TERMBE Rt RIS btaddly: oI RrEssdndetdrom
lens.assembly of.the invention is implanted, the viscgelastic. material (i
O BRI A AR b e PSR RO ot BB AR e GeA
naPHRE s SR RANAUNS CRAMRRIROhING & vk Wi A LRRHANAN.SYLI RS 0lding
(Such as a 24-gauge cannula). The intraocular lens assembly of the
et b Tissfixeeiar tantiriasfahe uHabeaghihddeschydhathapiteslaitdbe
lens. To achieve fixation, the haptic holds a fold of the iris on either side
mftenalpapd thehlsnmfixdtpe ipgnpees e reatradwesdghe witord ptithe
upil is contracted with_intrapcular acetylcholine 1 %, carbachol 0.01%, or

P18 PIRROSST5 SRetiormed el dhs dndisiay as bR apRAMF Hidecorneal
incisions. A suture rarely is needed. {00951 In a er gmhodiment, for
[%%ﬁ ﬁ[% %HI,P%?E[ i eréaarl é:raxllqgen ge gﬁ{érm Oltﬁen T mgo uced

of the Intrao ens ass y of the invention, the main

JRGRIORdS m&gﬁa@kﬁh&w@@%mqﬂm&mém@ﬁ&%ﬁ e g¥eriat

"12 o'clock™). The width is preferably equal to the size of the optic, which
chamber is gently irrigated and inflated with air to remove all viscoelastic material.

{0098] For closure of the incision line, the apposition of the sides of the incision may
be achieved by one or two superficial sutures. Alternatively, a large air bubﬁlg'fnay be
left inside the anterior chamber to effect an apposition. If the limbal incision was
made without a pocket, then a closure of the incision line should be performed using
sutures.

[6099] 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.

{6100] 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 Swrg.
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 made, approximately | 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
WhAMBE74e haptics are placed horizontally. [00961 Fixatikg tHeSREAE008328
assembly of the invention is a bimarbal procedure. Lens assemblies are
implanted using special tools to compress the haptics, such as forceps
WO 2007/117476 PCT/US2007/008328 35 or cannulae, or rely on
microhooks to manipulate the optic through a hole in the surface of the
[OPH0] (8pRaBiSGHESIILIA 1&S. RaieblNenflahdRigN) aRoestisally pleaidirnfor
lens forceps, which enters the anterior chamber through the main incision,
beeheardrdrewpticonagdiembipib e boldstiostdadilgndatsenibly eps be surgically
introduced from the side incision and grasps the iris, passing a portion or

imgppiethie ths Frsugiedraprlptibas sbihclensrh aneya @ mrerpienthipksh
th h hands,for haldi h tool.. T terior ch

O R R RO TS B RIS FRSHCNEs hth G of e
HRNSdANRRIISIBANS Al EINRAMeetThe ﬁ%ﬁﬁ@&%@%@é@&@&gsﬁm

manoeuvre Is performed through the incision on the opposite side. [00
réniRARhamiHEdesiomiCanibembai parfpsraeds dhkasgbe-iNradiiced outer
viscoelastic material (if any) is aspirated through the three incisions. The
penberier atthairgy. Bhgantiyderiatiedscasdemtidyed thithnaieridorehas waraalial
viscoelastic material. [0098] For closure of the incision line, the apposition

dmgnsier BeBthsomeison thacheitehratenidRoOBIoNkS Speteithe

sutures. Alternatively, r ea{Bb bble ma b? Ieftinsi%? the anterjor . . .
lI&Hg(Fﬁ,Beart Snéf?g%?ﬂén% ugn.\m %m‘:ra ClUar Iens assem 1 ﬂnt% W|,[thm
pposttion.”If the Tmbal incisiont was made withoUut a

ROCkS 1L & elote U NS RRR SHOHIEREARII WICH M5 Borimetrical
sutures. [0099] At the end of the surgery, 20 mg of gentamycin and 2 mm
wAiferapeipasanBag with no or minimal stretching of the bag, After implantation
of the intraocular lens assembly in the capsular bag, active ectodermal cells on the
posterior surface of the anterior capsule rim of the bag cause fusion of the rim to the
elastic posterior capsule of the bag by fibrosis about the lens extended portions.
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 atropinizatibn of the optic ciliary muscle is
not required for the intraocular lens assembly of the invention (when implanted either
as a refractive phakic intraccular lens or an aphakic intraocular lens) to achieve
accommodation. During surgery, especially for implantation of aphakic intraccular
_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, the intraocular lens assembly of the

invention can be located in the posterior chamber of the eye, using
WReflidad i fown to those of skill in the ophthalmic art (see, BC3/Y53 808328

No. 6,110,202; Pesando et al., 15(4371 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. WO

2007/117476 PCT/US2007/008328 36 [0101] Aphakic intraocular lens

SRSy URiaNaleR pirR!BRusebaly Rcpyidad forwly- Re MiiAQsWiaR lens

assembly of the invention. The lens assembly can be surgically implanted
atniatidseargaipatpelhtamsei 3y dagpbidiie lemspiial aye Alosgxsliptgtohiniigine;
the anterior capsule opening in the bag) in a position such that the lens
Qsptiearinee ARgpaicufdrdpms GublainSioid alfmesildith-Therop Asapte dfirrmine;
mg% the anterior capsular_remnant, and the quter ends of the lens distal

(AErd HRitfs JoLFd W YRR viile iRl ing intrappidar lenses not
intraogular.lens assembly.of the invention has a radial .di sion from th

Bl 8RS Ol e DB S LR SRR RO e

pRRAESSEMB Bhlarypinithe iBliaaslaniers ags sHVMRIBHGHMNHRA of

the capsular bag, the outer ends of the extended portions engage the
tlianedpef inetigddnvwd hptidhie tapaidanbresmibenbir imthinest siketdhingbn,

the bag. After implantation of the intraocular lens assembly in the
LsEpBatantiy, @A ITOIRIpEnEams ssmnibe sHsmtiprses ackexsmi{guch as

anterior capsule rim, of the bag cause fusion_of the rim to the _elastic
argeiaAbY R4S R ERONC B Ry B iR DIBBEAAHE A ERE SREAHEE s nd

h%ﬁ?%i%gn%fdt S OPRIGASS AR NG 0N ?&él%@%ﬁ‘:?ﬁﬁ%%ﬂ%'(yu?is@g in its

invention can, when placed in the capsular bag of the eye, provide

rAGceNRE aHAN 8 WAlIEh R ID AhiA dYasRa 80Pl RABLRARE B Biary
atropinization of the optic ciliary muscle is not required for the intraocular
nrisslagsevabiydofdireatnicentibhe wiliaryimpiahieddithmobilized the capsular bag.
Thus, the implanted intraocular lens optic fixed during fibrosis in its distant vision
position within the eye relative to the retina (accommodation). The implanted lens
pressed backward against and thereby forwardly stretched the elastic posterior capsule
of the capsular bag. By contrast, because of the haptic design of the intraocular 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 (EOL) 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 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 previousl
Wéﬁ@?ﬂ’/ﬂ?&éﬁ?/ been paralyzed with agiliary muscle relaxant (&S 08328
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
iQRETE Bignbateniglesdasaie) 2R théd 16 BT HdRZOSANE8 328 an
37 eye drops); Min-1-Jet Atropine (injection); Actonorm Powder (combined
agwithiatenk poitiomnd the ppemnisrait) a ) gp el blohgassocilal @aptitopitoFach
Isopto Atropine; Ocu-tropine; Atropair; Atropine Sulfate S.O.P.; Atrosulf;
of ths fisnties isdprp Ak smeaddledibr avt Brnds Prbraeneid PRGNS Bt @RDOSIte

ile i ing int lar | t haying the advant f th
T R e e el e P e Ao,
d%%&i@%&f%%%ﬁ%ﬂ'W%&M%&&PWJ%%Q&W@UQ&EQ ihe

lens of the implanted aphakic intraocular lens asseémbly to the eye (see
pUifie tsSiARTsEIS oAENHIN 19 QR ARl wigesH /b dhe &iary

muscle relaxant (such as atropine) would be periodically introduced
afipoughatatrange sttdpéregvesfibrosis and healing period (such as two to

three weeks) to maintain the ciliary muscle in its relaxed state until

I9HAL willbecmpierat terikosr skilied ndhe arhbat otbet thargmmARdmuscle
) d tracti ft ili di bilized t lar .
B Bl AR e

us, anted intraocular urin rosIs

afIBRIMMGIAN ROSIHRR WY geél&ﬁ‘?i?éiy&:{:% MSUEHRRntion herein, and it is
(accommodation). The implanted lens pressed backward against ancim
ifneiedaiarwakdhisieiahatehn Rsiv ROSILEes APPSR vefithersrBs A n

bag. By contrast, because of the haptic design of the intraocular lens
itesieanipheod the inveltidgimgiseriens can, when placed in the capsular bag
[giégie%ghghout the specification and the claims, and uniess the context requires
otherwise, the term "comprise”, or variations such as "comprises” or "comprising",
will be understood to apply the inclusion of the stated integer or group of integers but
not the exclusion of any other integer or group of integers.,
[6106] 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.



provide accommodation for the patient without the administration g&
post-operative atropine. [0103) In another form of the present inv %%‘hw
there is also provided a method for implanting an intraocular lens

Wikt bij#i¢ an eye which provides accommodation. This ifideSa#008328
insertion of an intraocular lens (IOL¥*%ssembly 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

vPRsterieLRtical surfaces. The lens further WO 2007/117476
PCT/US2007/008328 38 includes N haptics where N is an integer greater

1than JasGaehdapidexendsiibneanpasagciated portion of the
circumferential edge and along associated haptic axis. Each of the
hapticslimscoteiiln g ajsaddie dikecamkimhendeh atwaderiondpisatl shefage and
opposite ends thereof. The end portions are joined to the lens at the

circurhRAEATIAF CAYE AN HROAABOBRIS TS BRI aiigyiFBRied 2bout
a”t”'or-é‘égggr@n%{js?gﬂée&cv&'tﬁ f%égﬁc%%%ﬁo%%ﬁe JaDSVerSe R 8&(%5%%

axis. fiione e iment, angle A'may be inan ap roxmateprange

degregs 4N hallile @macr?mql%ﬂé@ Skillaghi We-arhthabeihes
changes and modifications can be made in the above-described invention
and mgifieasofai aidogmanenuaing g armpalen yvith assoonpar aptitarishehere
scope of the invention herein, and it is intended that all matter contained

in thelowe idtegsipieatestibinbb interpreted in an illustrative and not in a
limiting sense. [01051 Throughout the specification and the claims, and

unleshsesid RSRILH barBth Ba% A HRteTH Vb RepRbE 2l 85 A0t Srttends
such as "comprises’ or "camprising”, will be.understood to apply. th .
koo S PR 8 ShRESE A Wercbh sl G eons BolR o sui

1D OLRRY IROSERIGW B integers.

2. An intraocular lens assembly according to claim 1, wherein said haptics are
loop-like.
3. An intraccular 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
hap.tic axes,

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

haptic plane,



[01061 Throughout the specification and the claims and unless the context
requires otherwise, the term "substantially" or "about" will be undrﬁ@é%(ag,
to not be limited to the value for the range qualified by the terms.
WRCBILF4WO 2007/117476 PCT/US2007/008328 39 WhatiSTeiARHIE328
1. An intraocular lens assembly corﬁ?)rising: 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
havinghkhaptics) srehebarigehaptic s and e QmAR AL BMar in 2
portion of said circumferential edge and along an associated haptic axis,
sedearehdgtie plasieteger greatePthan 1, wherein each of said haptics has a
smooth, curved peripheral edge and extends between end portions at
opposite ends thereof, said end portions being joined to said lens at said
circumferential edge. 2. An intraocular lens assembly according to claim I,

SwherefPIARPASHAEL R S SREBIPIN@CS UG AR S 4 TaRE s Rith Bt haptic
?ccg{dir%g?to ggglmrlfow rseégo S: itiiwh%%ti sare paddle-like. 4. An
RitradchiEr ens assemsgfy accordlné) 6 Blaim 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
daptica.fxéardiigal bt appedle prtidie 6b shithch ccinidareniialegdges are
along an associated second pair of haptic axes,

angularly displaced with respect to said optical axis in a direction away from said

anterior optical surface by an angle A from a plane transverse to said optical axis.

7. An intraocular lens assembly according to claim 6 wherein A is in the

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 intraccular 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.



wherein said first pair of haptic axes and said optic axis are coplanar in a
first haptic plane, MCSLLP WO 2007/117476 PCT/US2007/008328 40
wherein said second pair of haptic axes and said optic axis are coplana'if

a sgeoskhaptic plane. 5. An intraocular lens assembly accord)inilc%] to claim

4 wherein said first haptic plane is perpendicular to said secohti Rafit7008326
plane. 6. An intraocular lens assembly according to claim 5 wherein said
haptics are angularly displaced with respect to said optical axis in a

direction away from said anterior optical surface by an angle A from a

plaqq _tran;;;k\:/ler%gl {;[8 SI?QOE'[ICN axis. 7. An intraocular lens assembly

according to claim B whéreiti KT th e ansrbxiaite’rahge n-pdeyress.

8. Andntrageuiasle aceording to claim 4 wherein each of said
haptici includesgM?&?ﬁ?a%ﬁ%ﬁ%ﬁ%#ﬁ%%% ror sVr%%%ﬁ c%gﬁ)l%\%ﬁ‘sﬁ?md
assoeiatetkhapticcaxis; whereoht [gancinteger greater than 0. 9. An
intraocular lens assembly according to claim 8 where M = | for each of

said haptics. 10. An intraocular lens assembly according to claim 4

wherein eagh,ef saig icS.] M footplates, where M = 0__
MCSLLP WO 2007/??7@2%3%%% SOoTORSHAL T AN B o

lensmadseribly according to claim 5 wherein each of said haptics includes
M footplates extending therefrom symmetrically about its associated

13, An intraocular iens assembly accordin g to ciatm 5 wherein each of said

haptics includes M footplates, where M = G,

14, An intraocuiar lens assembly accordin g to claim 6 wherein each of said

haptics includes M footplates extending therefrom symmetrically about its associated

haptic axis, where M is an integer greafcr than C.

15. An infraocular lens assembly according to claim 14 where M =1 for each of

said haptics.

16. An intraccular lens assembly according to claim 6 wherein each of said

haptics includes M footplates, where M = Q.

17. Anintraocular 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.



haptic axis, where M is an integer greater than 0. 12. An intraocular lens
assembly according to claim 1 where M = | for each of said haptics. 13.

An intraocular lens assembly according to claim 5 wherein each of said
hag;jgs mg/l‘l{g%% M footplates, where M = 0. 14. An intraocular lens MCSLLP
assem fy according to claim 6 wherein 4 ach of said haptics ifGladEgom w8328
footplates extending therefrom symmetrically about its associated haptic
axis, where M is an integer greater than 0. 15. An intraocular lens

assembly according to claim 14 where M =1 for each of said haptics. 16.

An {rétraoclﬁliliar Itgns algslembly according to claim 6 wherein each of said
haptics includes ff foBt At eS ShBré reiaelty cimirtfadeatavlerisior each of
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. MCSLLP WO 2007/117476
(CT/US20 0 7 /0083 28 42 18. An intraocular lens assembly according to
claim 17 WHePE /A By Bxctisem Jaid dvapstios olGaimr intraotutacionsaid
assg?]myigg&%@i@gi;é)og%l@im,zvmggrﬂnm gch of said haptics includes M
footplates, where M = 0. 20. An intraocular lens assembly according to

claim | wherein each of said haptic axis is coplanar with said optic axis in

an associated haptic plane. 21. An intraocular lens assembly according to
clafift | wHEtéW a8t leppassenihtrasoaldinens assembhgaacessing (9 haptic

claim.21 where N = 3. . <
émszz% c\%p?anar Wit 5aid aptic axis in an associated haptic plane,

21, An intraccular lens assembly according to claim 1 where N is odd.

22, An mtraccular lens assembly according to claim 21 where N = 3.

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

24, An inf’iraocular iens 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 accerding to claim 1 wherein each of said

haptics includes M footplates exiending therefrom symumetrically about its associated

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



23. An intraocular lens assembly according to claim 21 where N = 5. 24.
An intraocular 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. AMCSLLE
intréoculerilens assembly according to claim | wherein each obsgits2e07/00832%
haptics includes M footplates extending’therefrom symmetrically about its
associated haptic axis, where M is an integer greater than 0. MCSLLP

WO 2007/11.7476 PCT/US2007/008328 43 28. An intraocular lens
assembly according to claim 27 where M = for each of said haptics. 29.

An mtraocutemtens:assemblyassording ta.claimihwherein £agh.of 8aid, ., .+
haptics includes M footplates, where M = 0. 30. An intraocular lens
assefBIFFEEEording to claim 20 wherein each of said haptics includes M
footplates extending therefrom symmetrically about its associated haptic
axis, where M is an integer greater than 0. 31. An intraocular lens

assembly accorsiegdo crimwhare M5 d Ior6agh ofsald haptics, 32.
An intraocular lens assembly according to claim 20 wherein each of said
hapties snohatessN footplates witheraM: 5. 0. 33. An intraocular lens
assembly according to claim 1, wherein the intraocular lens assembly
includes either a monofocal or multifocal lens.

3g0. An intraccular lens assembly according to claim 20 wherein each of said

haptics includes M footplates extending therefrom symmetrically about its associated

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

31. An intraocular lens assembly according to claim 30 where M = | for each of

said haptics,

32. An intraocular lens assembly according to claim 20 wherein each of said

haptics includes M footplates, where M = (.

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

lens assembly includes either 2 monofocal or multifocal lens.





