PHASE- SHI FTED CENTER- DI STANCE DI FFRACTI VE DESI GN FOR OCULAR | MPLANT

TECHNI CAL FI ELD OF THE | NVENTI ON 5The present invention relates generally
to mul tifwoabtigpkishal m c | enses, and, nore parti cul arl ypctrascubosd7ecal

i ntraocul ar | enses that can provide refractive and diffractive opti cal
focusi ng powers. BACKGROUND OF THE | NVENTI ON The human eye in its

si npl est t er RHASIESHIDREDtGENTER-DISTANCEDHFRAGHME DESIGN F t hrough a
cl ear outer portion called the r , d cusin 5 the image by way of
a lens onto g retina. The qual i@@”@?ﬁ'@%@ﬁsed i?rage dependsgon ?/ranyy
factors including the size and shape of the eye, and the transparency of
the cornea and | ens. AQECGHNICAL HIEEPDOF THEINYENTEONhe | ens to becone | ess
transparent. Thus, vision deteriorates because of the dimnished |ight

whi ch can be transmitted to the retina. This deficiency in the 10l ens of
the eye is nmedically known as a cataract. | ntraocul ar |enses (IQLs)
ar e|5r outi nel %/ irhtrlpaeﬂee? ir:we_rpianirelai@ gselyemggta m@ﬁifloaalaapat;t?alsu?@mpsi o t
replace a natural crys inge le ne, enpl o i ffractive. structures
o brovi dand JiPeRETRLA D SR ios3f dRtdelar ensss that CaR' pictids

refractive and diffractive optical focusing powers.



15power but also a near-focus power. In other words, such nultifocal 10Ls
provide the patient with a degree of accommodation (sonetines referred to
as "pseudeoactiassssdat i on"). Al though patients having suebTAGR&i0gs3Tes al | y
enjoy the versatile focusing properties of these | enses, a snmall percentage
make observations about the quality of their internedi ate vision. 20
Various nultifocal opht hBAGKGRENINDQF JitE INVENTION fall into one of two
categories, refractive lenses and diffractive lenses. Diffractive | enses
use nearly periodic mcroscopic structures on the lens to diffract |ight

into several dimRChLRRM SyEULIRNSPMSIEY: tethisS furtiBhgitbagrovRieavid bacti on
grating and the 25nultiple diffraction orders focus the light into various

i mages cortransputtidgight thraugh erclear sueapottiongiafied dhe chenaas @id focesingct i ve
mul ti focal, contact, | enses apd 30 .10Ls .are f ul. .

di sclss edith%lurggg,gtb_y,\wgy i’?fﬁ%nfﬁ?to aTeta. "Thé quLéh{yy of the focused image

4, 338, 005, dbp2Ads Zm3nthnY faciord idclB8mg/the, £z8&hdB&Mape of the eye, and the

5, 017, 000, 5, 054, 905, 5, 056, 908, 5, 120, 120, 5, 121, 979,

5, 144, 483 tBnBpAresns(Cothenyoroes. #ad ewss. B\ag78ne/en disease often cause the

lens to become less transparent. Thus, vision deteriorates because of the
diminished light which can be transmitted to the retina. This deficiency in the

10 lens of the eye is medically known as a cataract.

Intraocular lenses (IOLs) are routinely implanted in patients’ eyes
during cataract surgery to replace a natural crystalline lens. Some |OLs
employ diffractive structures to provide a patient with not only a far-focus

15 power but also a near-focus power. In other words, such multifocal |OLs
provide the patient with a degree of accommodation (sometimes referred to
as “pseudo-accommodation”). Although patients having such 10Ls generally
enjoy the versatile focusing properties of these lenses, a small percentage

make observations about the quality of their intermediate vision.

20
Various multifocal ophthalmic lens designs generally fall into one of
two categories, refractive lenses and diffractive lenses. Diffractive lenses use
nearly periodic microscopic structures on the lens to diffract light into several
directions simultaneously. This is similar to a diffraction grating and the
25 multiple diffraction orders focus the light into various images corresponding to

different focal lengths of the lens. Diffractive multifocal contact lenses and
IOLs are more fully discussed in U.S. Pat. Nos. 4,162,122, 4,210,391,
4,338,005, 4,340,283, 4,995,714, 4,995,715, 4,881,804, 4,881,805,
5,017,000, 5,054,905, 5,056,908, 5,120,120, 5,121,979, 5,121,980,
30 5,144,483, 5,117,306 (Cohen), U.S. Pat. Nos. 5,076,684, 5,116,111
(Simpson, et al.), U.S. Pat. No. 5,129,718 (Futhey, et al.) and U.S. Pat. Nos.
4,637,697, 4,641,934 and 4,655,565 (Freeman), the entire contents of which

are incorporated herein by reference.



4,210, 391, 4,881,805, 5,121,980, 5,116,111 (Sinpson, et al.), U S. Pat.

No. 5,129,718 (Futhey, et al.) and U. S. Pat. Nos. 4,637,697, 4,641,934 and
4, 655, 565wW0Bnas83I3R, the entire contents of which are i rconsesiaszsherei n
by reference. Wiile a diffractive I1CL may have a nunber of focal

| engt hs, generally, 10Ls wth only two focal lengths (far and near) are the
nost comon. As with any sinultaneous vision nultifocal |ens, a defocused

i i N . ] i the f d t b f
e econd | odthisg ditneloTiars hedea Mimber et food dPTtBE casbEaMis ©: e
user, who |eRRGEMH Bﬁ&ec\?vo%célg!@n @isAkdr &Hd h&A§eS the most common. As with

Accordingly, there I's a need for enhanced ophthalnc |enses for _
10corr ect iany sinuilameoasdvision emplifedat uenrs,| § defosussdcinagam{es iMages)cian be
enpl oyed to canpensate for.the lost aoptigcal power. .of r ral
FonsS” I pFErBUara o (eufeised BamegRehf Bred i T2 GBI Y PPRR et or e
Vi sl on acrgfgha dém@egfinﬁ%%fral@hﬁb@é&@éd bolthewsag wiesreyaterifates vat ur al
| ens. SUMMARY OF THE | NVENTI ON

the detail of interest.

Accordingly, there is a need for enhanced ophthalmic lenses for

10 correcting vision, and more particularly, for such lenses that can be employed
to compensate for the lost optical power of a removed natural lens. In
particular, a need exists for an I0L with the ability to restore vision across a

range of object distances following removal of a natural lens.



Enbodi ments of the present disclosure provide an inproved diffractive

mul tifocal design for ocular inplant. This ocular inplant includes a

di ffractiwe 281wm3bisef ocal intraocular lens (10L) and a neciars2ab/obzptics.
The diffractive multifocal 10O. passes optical energy in distance,

i nternedi ate and near conditions. The haptics nechanically couple to the
diffractive nultifocal | OLSUMMARY OFcTHEINVENTION secure the diffractive
multifocal ICL within the eye. The diffractive nmultifocal 10O. may include
both a diffractive region and a 10 refractive region. The diffractive

region may be gRpadihEnts @9 pRIsePPHiselosRRE pRividd anlidpsoldtpdiffrativedes
concentric steps of gradually varying step heights in order to allocate

ener gy baguedititocal dgsighrfgr oowlar implast.adbisaesular implant ipelgdes teodifffacive a f ul |

range of qual.tty vision, i, e. Ll pter i.at . di s t e
patient. %HF'%'*Qﬁéll SHEAH i {qngnﬂﬁﬁeﬁrﬁ]@hggﬁgﬁﬁ@ ﬁ%bg'r?g' o?ﬂ h%'fffg%/%tﬁ’%ust be
15r epl acedntBifdeal AOLr §k86s optical éﬁéﬁ@v iRnBietintentiatedineditte paes emdar

di scl osure provide a nethod to correct” for visual inpairnent of aphakia. In

one enbodigaaditionsi sThenhapties megh@nicaly £ovgteutoaihe diffeastivermiaiifesal Idken t he

| ens may ' r.2 d,th - ACLCl XL @i tive
mul tifoc aIqﬁ I (%?Sﬁgi %gé'?'.oﬂs enr(ij ggg%%t H‘Fna ﬁ%a%’%eﬁ‘gﬂ@&%ﬂ eI gﬁs %vg ﬁlrne{dhfea%g&

posi ti onedrivd tdiffractivebeiltificaha@Li eay Mbkidei bbthaat diffeactagi meyiod artea
diffractive nultifocal | OL nay simultaneous]y pass

. ¢ ay s p pti cal en?,r to
di st@ant, i'Rirativeuiesien. afhefifiactive £29i90iMA%LE @ ?ﬁ‘ﬁt@(ritre@ﬁf'ioéé?p 'E%@?ti ons

whil e the f >t LM i i I . i stance
Ui on 0 GithElete tiftihiiies BOhOEBLGRS! GRIdER (ERRPUGPhEaNE B oMt

di scl osur eorpento a#scate rertdrgyl based anr Bgliting saraditionpand remtivity Thiosderetiohod

i nvol ves passjing optical ener to the retina wherei,n the optical, , ener
Ima; be i n&dﬁa{e il fqlﬂm %fgﬂu@ﬁ%ﬁ'&gpﬂ’é-%@?éhd”tﬁr?‘ﬁd?taﬁ‘ﬂr‘é‘é{%\”bgorn‘ih‘ﬁti f oval
QL typi Caﬂcﬁt%]nfOcﬁﬁi§%ll%\fshbc§%cggkfnse%e?é‘Qhé'sr?a(iurraﬂ) 1E2PloRGRe ()R ARistibel 30

| ens. The ractive nulti | OL passes optical energy’in distance,

i ntes medi aeplaaed tobarcarmmoted.i ons. The diffractive nultifocal 1CL can have a
central diffractive region and an outer refractive region.

Enbodi ments of the present disclosure allow patients having vi sual

i mpai rment to hawer dRBbdiferitdNGetny predbnldiselBSiRr pRiRde « anéthbiomrs, i . e.
phot opi ¢ conditions, and have inproved vision at |arger pu&ﬁl , 1.e. nmesopic
condi t i onscorrect for @ishal impeiameat of aphakige pr e@senembiodinentuthés Wvalvesecone

ot ai 1 od dBg Aofat =t 152, ML AR S BaT HihTEhudl st A R b T
refggence dgmaded frablighviakgidehaWNegs a diffractive multifocal IOL may be inserted
within the eye and then secured and positioned with a number of haptics.
The diffractive region of the diffractive multifocal IOL may simultaneously
pass optical energy to distant, intermediate and near focal points in bright
optical conditions while the outer refractive region may pass optical energy to
25 distance vision in dim optical conditions. Yet another embodiment of the
present disclosure provides a method to correct visual impairment. This
method involves passing optical energy to the retina wherein the optical
energy may be imaged. This optical energy is passed with a diffractive
multifocal IOL typically located within the eye and used to replace the natural
30 lens. The diffractive multifocal IOL passes optical energy in distance,
intermediate and near conditions. The diffractive multifocal IOL can have a

central diffractive region and an outer refractive region.



10 BRI EF DESCRI PTI ON OF THE DRAW NGS For a nore conplete
under st andi ng of the present disclosure and the advantages thereof,

ref erencew00nma33sade to the foll owi ng description takeRrCTruSe@njossTss i on

wi th the accompanying drawings in which |ike reference 5nunerals indicate
| i ke features and wherein: FIG 1 illustrates the anatony of the eye
in whi ch depi ctembedidients aft theeplesent disstassirel allow watientsnbavingetiswdlof t he

present di.scl osure Jmy_be placed; 10 .. Fl .Gt Miffractive | QL
i n accor ddMPETHIFY t8nﬁ8\ﬁ‘? rfg?l rs%bﬁia???e Vbsrloe%eaﬁt%?ﬁ%’?%@hﬁe@or@lﬁw& & FIG 3
provi des aHut@sie oReitions 39 Ravariflpfdveactisivh aulargéropapil, irmpikbapiai ¢ | ens
characterized by a pl ural i ty of annul ar zones depicts in accordance with

enmbodi ment@®ngitionfe present di scl osure;

5
Other advantages of the present disclosure will become more apparent
to one skilled in the art upon reading and understanding the detailed
description of the preferred embodiments described herein with reference to
the following drawings.
10



FIG 4 provides a top down view of a radially segnented diffractive

mul tifocal ophthalmc |lens characterized by a plurality of annul ar zones
20depi ct swononossssdance with enbodi ments of the present pATASk@SOFITS4

FI Gs. 5A-5H provide graph depicting the results associated with shifting
initial phase to redistribute ener bet ween near, internmedi ate and di stant

for a 3mm | OL i n accorBRHe DESERIMEONsObf THRORAVANGS di scl osure; and 25

FIG 6 provides a logic flow diagramof a nethod to correct for visual

i npai rment s sucvras napbaltnaplefe tihdereteadingEfTRkLiBs ORSARCIBEL (ANabk thelE
| NVENTI ON Pref erred enbodi nents of the present di scl osuﬂre are
i || ust rat E¥VARtages theeef, rafeneace isrbpyl Pageita dhe iewing depeiriad 8RB and

correspondjn of,, : vaLd - A\ ; ; i o] Efractive
mul ti focaﬁh dg%rﬁg'ﬁl&?) gr \ASECHJIGEQ‘? ?%%ﬁé\?'ﬁl{@dmp%\%%gesd.m TWﬁ{s?:hocrlz‘E aéréqlgrr?gicgnt

i ncludes awuhdrbisaiatiicate ke fdatwreslandnvheretrul ar 1 ens (10L) and a nunber of
haptics. The diffractive nmultifocal | O. passes optical energy in 10

di stance, internedi ate and near conditions. The haptics nechanically couple
to the diffractgme |, 4} j i bl - wvbhe
diffractive rrulptli@‘f Sg'éﬁ‘étﬁaf&?gﬁet hlﬁﬁtﬂnﬁ/eegjgeiréﬁgRgmcbrdaE(;ﬁ)t@s%nsnﬁffrﬁic?lg%al | L
may i ncl ud®Lbot lacaodianiceawithyv embegirnentandf dhe efreaent visalegjirenmayhbe
diffractiv%nudhtifocal | OL operable to phase shift optical energy such that
const ruct iRES%t er f erence 150ccurs within the diffractive region and the
refy@ctive region.

FIG. 2 depicts a diffractive IOL in accordance with embodiments of the

present disclosure;

FIG. 3 provides a cross section 300 of a diffractive multifocal
15 ophthalmic lens characterized by a plurality of annular zones depicts in

accordance with embodiments of the present disclosure;

FIG. 4 provides a top down view of a radially segmented diffractive
multifocal ophthalmic lens characterized by a plurality of annular zones

20 depicts in accordance with embodiments of the present disclosure;

FIGs. 5A-5H provide graph depicting the results associated with shifting
initial phase to redistribute energy between near, intermediate and distant for
a 3mm IOL in accordance embodiments of the present disclosure; and
25
FIG. 6 provides a logic flow diagram of a method to correct for visual

impairments such as aphakia of the eye.



Sight is, by far, one of our nost val uable senses. Wthout our vision,
everyday tasks |like driving and readi ng books woul d be inpossible. Qur eyes
are conplwe 2m0i3B33es that deliver a clear picture of thecwarsbadoasyand us -
20 conmuni cating the sinplest of colors, shapes and textures. FIG 1
illustrates the anatony of the eye into which the inproved diffractive

mul ti focal design for ORETAILERIIESCRHIP BN SF EblEtmg})WEE%Nt di scl osure may
be placed. Eye 100 includes cornea 102, iris 104, pupil 106, lens 108, |ens
capsul e 110, zonules, ciliary body, sclera 112, vitreous gel 114, retina

116, macul a, anscptdd ehftfolfineds kalle fresa%adidB3sie arelligstratedoimethehaped
structure on the surface of the eye acts as a window, letting light into

the eye. IFlGs. e numetads beingrusedparrefasttotike apgecoreagpoadinohearts pkthej s a
nmuscl e surroundi the pupil that rel axes and contracts to control the
annu%t of W?ﬁ%?(ﬁgwgpﬁng the eye. Pupil 106 is the round, central opening
of the iris. Lens 108 is the structure inside the eye that 30 helps to
focus light on the retina. Lens capsule 110is an el astic bag that envel ops

the lens, hel piAvyimprayediditiiactiveenuifepal demen ferowiar inplartds PsRvidefect s at

diff i i |
capsul ot o TRGIREmpRR heli08s & HEIRGFE o AL rablalar RASAOM ¥Ad P20
body is the nobseuldrhapties. aiiedligdctive tkifbeaIIOLhpassesndptiel enargy inel axes

to control the size of the lens for fQcusi nﬁ. gcl era 11(%1 IS ﬁhe t ough,
out &P most  Jiglpere ontermediste anthearsediions. 1 hae daRfes Bredhrecdl% coUPlEr eous
gel 114 i st ; |5 A i t hat:: | e back
of the eye JFE,d'g{lag;ﬁv%gﬁ\/\%lllhﬁdﬁlaLgﬁlbzﬁﬁr)aér;rgtlon alltrlldrt§ é@ﬁc@% Bﬁ@gﬁé%t\% eye.
Reti na 1l6mubifecdl IQhtwitenshé eye. Nidreveifffactioe maltifdoal AL knay indhedeepetht hat

receives lig and converts it into .signals tg send to the ai n. The
macula is & Hggfﬁcé‘éeirﬁgt% R rqqﬁ'éeeff@'qmaﬁ‘ecgﬁﬂépwé‘? frUH@qu@Illslelor
seeing fingdapl {q 8@@Eécsmﬁr%§’tic]a]r%rfe9 atich A8 ddfeliive istesndricel rom t he
eye to the brain. 1 FI 2 depiCts a diffractive 10OL in accordance
wi t hs enbodbaoeing witbin thedifileetemreglos anddbe eefraitiverregianve Optic |1 OL 200

provided is an artificial lens inplanted in the eye to restore vision after
a natural |ens has been renoved. The need for the IOL nay be due to

cataract, di seasighPls, #5CiafeBhS of OIf rhéstSvaldablefsdrizes! @lithe dwe vigorex on
bot h sides (biconvex) and nmade of a soft plastic that can be fol ded prior

to insertieueryday taskadkeldvingeand reading bogks wesild berimpeasibla: Quagyashe optic
oo el b ERTup8 beS 4L AL A BB A B Vo Brok b v e
f orz pr opercappsiuhicafihg dh@kirhplest ScabisNishapbs aB¥aexies. FIG. 1 illustrates
the anatomy of the eye into which the improved diffractive multifocal design
for ocular implant provided by the present disclosure may be placed. Eye 100
includes cornea 102, iris 104, pupil 106, lens 108, lens capsule 110, zonules,
ciliary body, sclera 112, vitreous gel 114, retina 116, macula, and optic nerve
25 120. Cornea 102 is a clear, dome-shaped structure on the surface of the eye
acts as a window, letting light into the eye. Iris 104 is the colored part of the
eye, called the iris, is a muscle surrounding the pupil that relaxes and
contracts to control the amount of light entering the eye. Pupil 106 is the
round, central opening of the iris. Lens 108 is the structure inside the eye that
30 helps to focus light on the retina. Lens capsule 110is an elastic bag that
envelops the lens, helping to control lens shape when the eye focuses on
objects at different distances. Zonules are slender ligaments that attach the

lens capsule to the inside of the eye, holding the lens in place. The Ciliary



Diffractive Optic IOL 200 may be positioned in the posterior chanber of the
eye, replacing the natural lens. This position allows Diffractive Optic |IQL
200 to cowvoeotv/asbss2vi sual i npairnment of aphaki a (absencecwofustoie/opzsaur al
lens). Diffractive Optic I1OL 200 nmay have a biconvex optic that is shaped
using a 25 process called apodized diffraction to provide increased depth
of focus. vy Bithkrraoscwar Qs attacied?@Othealenbdhateantractaidundt refaxeisetot s wit h

4 oSS il e b > g S\
W th | nor el RMae elieaens dnt g, PBrTb agodae Jraet SURRES ' "
Diffractivigy&pbf hel &le A nRAIRHISKE Th9Rshd18Rthe by EVRPER A GelaNTh @ teance

vision with'increased 30 independence fromglasses in patients who have
under gone leegearget-filledirsgstign taff isr lecatedetopmriie thebazkde iheeeehalalandy vi si on

for various,|jghting situations. In brightly lit c It the central
ditfiacti v‘@h'ﬁhr'ﬂ?'Bﬁg‘Eoﬁ‘aé’gﬂﬁ‘s q GHEY oot é'%(%ﬁyfeangg%@ﬁ/??@ '8i£5'§ﬁ?‘ ,

i ntermedi adehstVd MRBE 14RG3h tROIDALR of Whe kePe that @icelvesllight aparsbniveasst the
surroundi ng refractive area 206 sends greater energy to distance vision.

FIG 3 prontadsignalscioosends i theohradno Tdie maguter isalbei afeaninl therkag of the
opht hal m ¢

accor dancee*/ﬁeﬁ%t gﬁﬁ%@?@r{{%’%g? l?%f%ge%bé;f@lﬁ;&%?ﬁ I g@ﬂgé%%éngggﬁzﬁgﬁtgls}&tp? oi/indes

for phase-gid frahgigitd signatfromehplayeabithey bedinannul ar zones to enhance the
di stance vision and nmai ntain good internediate vision. The anount of phase

shi$® may be carefully optimzed to have the constructive interference

between the 1QG-gent &éLpiQf'sSé aﬂﬁﬁcﬁxg IS Y& @S AWAR Erhdlsdifiehtd 8ffreY e
region. As the consequences, the distance vision I's augnented and the
i nt er redi apresentsdisslossirext Rifftactivel OpsipdCLf 08, prokielednist aal artificiak lesfs t he
center-di stance region is adjusted to tch theag rroundj ngrpldi ffractive

structure '_E’tpl"l"ﬁﬁg 't ke @Mﬁs??rr%tpﬁ/&si'%é ?reféﬁtt:‘ér rRAS; PEEM ELP¥EEnce
focus and {uy ﬁégﬁ%@ﬁwgrlmchaggﬂé' Gé B9 chiarddtaliisBHES ®r %B?f?.@ﬁfs. e lens

redi stributes energy omnear to internedi ate and shitting downwards
redist ri butfdbe filObmay searmrwek @ni butbrades @iconvaxpeod nedeaate soft plasticeved i n

one enbodi t en_shifting,initial phase to 1/16 of, a ve. .This design
mai nt ai ns tgggaa% Eﬂi‘é ) p!r'ﬁ?é? ﬁ%?ﬁrg?'é %ﬁ’d"”ﬁ%&’r‘amm’[. thﬁ%‘quvarhép 'BEPIM zat i on
may resul tshalRthah tﬁ@%fﬂcﬁéia@‘i‘@tb_ﬂ%-th@%ns. AfterTQ@rgﬁlféPQ%édibﬁrint@eﬂ\%r mi ni ng
these annul ar zones is described in U'S. Pat. No. 5,699,142 (Lee et al.),

t he entireeysorberdens genthhuofolds ¢o iregtorguisiane d Neesepporting rasmsr yapéics)The

Bty e T fI R OB Bt tho e 1o cal culated.  steps

20

Diffractive Optic IOL 200 may be positioned in the posterior chamber of

the eye, replacing the natural lens. This position allows Diffractive Optic I0L

200 to correct the visual impairment of aphakia (absence of the natural lens).

Diffractive Optic IOL 200 may have a biconvex optic that is shaped using a

25 process called apodized diffraction to provide increased depth of focus. The

Diffractive Optic IOL 200 may be used in adult patients with and without

presbyopia, who desire near, intermediate and distance vision with increased

independence from glasses following cataract surgery. Diffractive Optic IOL

200 provides good near, intermediate and distance vision with increased

30 independence from glasses in patients who have undergone cataract surgery.

Diffractive Optic IOL 2 delivers quality vision for various lighting situations. In

brightly lit conditions, the central diffractive portion 204 sends light waves

simultaneously to distant, intermediate and near focal points, while, in dimly lit



25 between the various individual echelettes. Progressively reducing the
step height of a selected group of individual echelettes 304 by a

pr edet er voediizaiseisat can reduce the unwanted effects of pgirarseoipmsizes ved as
a halo or rings around a distant, discrete |ight source. The sel ected group
of individual echelettes to be reduced in step height is all contained in
what is tecaneliticans, 3Dapsairaaidiog efnaetive area ROB esdritst grémiestaneraeitght of

t he echel et.tes 304.surrounding the optical axis (QA) remains constant over
several ecHEPEEE¥SAbs hefore beginning to reduce in size. Then, as the

di stance of each individual echelette fromthe optical axis OA increases
the step height of each echelette 304 approaches zero. In other enbodi nents
the hei ght of tH6.e8heredides a0drosar sectiafl ngPd hef @ptdidctivgi mutifoerlgi ns

di m pi shin jth.the ingrease .in the di wce pf_ th - 304 from
the optica rﬁh‘?"@’bﬂ?”%h a%t@ﬁ'é?? e%y r?aﬁ%%ntg'uf’fr?&tnufaa{d?%ﬁ%;edse@gétrgn' ed as
shown in Rdgordance with EhibodimRheyidietea prederdowRciosame. of Embcaiithahtsy
segnented diffractive multifocal ophthalmc |ens characterized by a

pl ural i ty Rypvidas dpraphasmekiftingooefwerntthe inturabity Rfrinsdanganescionehiansst s of

the prese i SUL I LEfr i |t

opht pal i AP SFReBoYE e Aty REBRL Medlnte iieh 1R kbl Siese o 416
el bow 418 ghiftnglyDeadarglany bptimized th asvathevdonetrectivednterferené2bietoedn thed 10

whi ch includes central radially apodized diffractive portion 404 having

radi@l |y seapiRifigangraf@ctverregion and the dfffachmaary. Asithg CoNSRAUENESS 406 | n
one enbodi ; I .0 4 gl ; Lo haptic 402
is unifor r}}ﬂ@%ﬁéﬁééé&%ﬁﬁlsyggﬁfgeﬂfe@g %@ombdgﬂ%@%tg%égﬁg%gm%ng&mdt ﬁmbet ween
about 0. 4Gspewifiasth8.ibiflainphasei sfghewenatepdatarceeegimnds alojusted tal abe thg nost

f d. Cusset 416, h , h t hi ck that i duced t d
e ML r 3 1 P RS SohE bAT L EEAEE o
sk, ar{ﬁeodigpc\n'&'@‘ Fd%‘uﬁkané(“ iﬁéé%ﬁ%@”foé?ouéhﬁir@ irﬁ‘mbla%age:”érp\ﬁmdsh' ck

bei ng nore preterred and abou .30 mm bei ng nost” preferred. This reduced
t hi tkness rgdistitaltty exerggdérofm omeadde RESmEdiatee aopt isbiftimhedownwaidsel y t hi n

o S Ryl e R B TR FLATE B ™"
thickness @e BHBIRIMEAOWALARHIMARY ihitial Siadd t4 4/ 18 of W whien s design

vi scoel astic) between posterior Side 214 and anterior_ side 212 of "10L.
Al t er nat i wveb\taigsigoet distance, mternmediate ang npar facesi dddirtiier ppdntizatioteans
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The process for determining these annular zones is described in U.S.
Pat. No. 5,699,142 (Lee et al.), the entire contents of which are incorporated
herein by reference. The boundary of each zone with respect to the optical
axis is calculated. Steps 302 are placed at the radial zone boundaries
25 between the various individual echelettes. Progressively reducing the step
height of a selected group of individual echelettes 304 by a predetermined
amount can reduce the unwanted effects of glare perceived as a halo or rings
around a distant, discrete light source. The selected group of individual
echelettes to be reduced in step height is all contained in what is termed an

30 apodization zone.

Note that the step height of the echelettes 304 surrounding the optical

axis (OA) remains constant over several echelettes 304 before beginning to



30 212 of the 10L. The relatively long length and radius of distal portion
420 provides greater contact with the capsular bag for better fixation when
| OL 400 iwoiznplasid3ed i n the eye. El bow 418 creates a hi rge/ushan/osd7Bows
haptic 402 to flex while mnim zing buckling and vaulting of optic 410.
W dened portion 422 increases the stiffness of haptic 402 just past el bow
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I arger pupiadiallyR@gmiehtedbs sBd@PIiA FIGNI tion. For exanple, some patients
have difficulty reading nenus in restaurants with dimlight where the pupil

could be 4 mmor larger. Enmbodinents of the present disclosure utilize the

energy distribuytion, ?Jfr w&és aa Y%Bntd'ovjnoﬁﬁbv des %&@@dsé@ﬁeﬁ Flfﬁsalv%o

achi eve hi gher ‘enérg ce Vvision at pupils. At
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avai |l abl e giffractive portion 404 having radially segmented zones 424 and a
15 surrounding refractive area 406 In one embodiment thickness of elbow 418
and distal portion 420 of haptic 402 is uniform, and preferably between about

0.30 mm and 0.60 mm, with between about 0.40 mm and 0.50 mm being

more preferred and about 0.43 being most preferred. Gusset 416, however,

has a thickness that is reduced toward anterior side 212 of the optic. Gusset

20 416 preferably is between about 0.15 mm and 0.60 mm thick, with between
about 0.25 mm and 0.35 mm thick being more preferred and about 0.30 mm

being most preferred. This reduced thickness generally extends from edge

208 of the optic. The relatively thin cross section of gusset 416 and edge 308

provides a thinner profile when IOL 400 is inserted through the surgical

25 incision. The reduced thickness of gusset 416 also facilitates fluid circulation
(e.g., viscoelastic) between posterior side 214 and anterior side 212 of IOL.
Alternatively, gusset 416 or optic 410 may be provided with other means

(such as holes, grooves, notches, micro-fenestration, or protuberances (all

not shown)) to facilitate fluid flow between posterior side 214 and anterior side

30 212 of the IOL. The relatively long length and radius of distal portion 420
provides greater contact with the capsular bag for better fixation when IOL

400 is implanted in the eye. Elbow 418 creates a hinge that allows haptic 402

to flex while minimizing buckling and vaulting of optic 410. Widened portion
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apodi zed mul ti-focal designs. The 5 to 10% or greater inprovenent for

smal l er pupils allows for better distance vision at photopic conditions.

Si m | ar | ywohe11106%632 mpr ovenent for |arger pupils allows fom/tseqpuoosids near
vision at nesopic or dimlight condition. Enbodi ments of the present 30
di scl osure have denonstrated that one can reduce the ener%y to near, and
use a | ar 422 liecreasegjithn stiffnessi oéchaptici ¢A2 just mast elhpwe 43Bovtheiehy good
vi sual per.formanc Enbodi,ment s .ma i m t for design
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is extended. In speC|f|cs g init| §hase of the center-distance region
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i nt er medi %F‘geanérr%armé%tb? thé ’fbré;ééﬁt d%k%we wlz&mmé}gggmﬁ@umﬂ@fer is

shifted upwards by waves. In FIG 50 and 5D the di st ance-center
is thifted mn«fmaisielsggmaadmeemtlmlzed:tq;acmevarmgm enrrgpiodpistansse- cent er

hi fted, 5G and 5 h d
by 1736 of So0eRle2 B FTRT PRI BPiRon Mf”"e EAME" 5 el nga e
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may provide clearer distance vision at smal er pupil, that is, at photopic
condi ti on AAYolergespUpilsi on at larger pupil, that is, at mesopic
condi ti ons.

20 Embodiments also provide other features of an ocular implant of that
include a thin edge for aiding in smaller incision during the implantation
surgery; an about 5 to 10% or greater improvement in MTF values at 2 and
2.5 mm or smaller pupil as compare to previously available apodized multi-
focal designs; and an about 15% or higher improvement in MTF values at 3.5

25 mm or larger pupil for near vision as compare to previously available
apodized multi-focal designs. The 5 to 10% or greater improvement for
smaller pupils allows for better distance vision at photopic conditions.
Similarly the 15% improvement for larger pupils allows for improved near
vision at mesopic or dim light condition. Embodiments of the present

30 disclosure have demonstrated that one can reduce the energy to near, and
use a larger lens region that directs light to near while providing good visual
performance. Embodiments may optimize the area for design improvements

that allow for better vision at all lighting conditions, such as, photopic and
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FIG 6 provides a logic flow diagramof a nethod to correct for visual 30
i npai rments such as aphakia of the eye. Operations 600 begin with the
renoval ofboaonztsssdal | ens froman eye in Step 602. An apotiuseaomsI7B+4 acti ve
multi-focal 1OL may then be inserted within the eye. The | enses of the
diffractive nulti-focal 10O may be convex on both sides (bi-convex) and
made of aﬂescbplcpbalsdltlom héor  cartaive pupilsie d/ipualodisterbianses t wih.nothibs f ol di ng

al | ows placenent thro reduced- s i on wher.e e incision is
Sl | 'or "t HAReRAEC GbORET B SaRe amRed ety pEbBRESTATPRTS "Tor. At ¢ or
surgical insertion into the eye in step 604 the 1OL may gently unfold to
restore vision. In Step 5 606, the IOL is positioned and secured within

the eye. This rﬂﬁsbék—:ﬁiﬁ@rwld&h graph depictitg ’Eh@p“ﬁé!d'ltt’r agsaniated (widpehitiep to

Phe.pr eserint] Sheus B ERiBRleSroh Baketn BrbCiflel 8BRS apBRREI ™ 2 e

of the eyeatgnmngpl@cein hacewtdhéé bRibdbdaRentaowt ithe Fpfeseht dictospesi tion
allows the 10OL to correct visual |rrpa| rments 10 such as the absence of a

natural | eR@bagisiends rravidegHotirbeseshiingedihie comhinatiensol A4ERFIVRay be a
diffracti W&qtﬁg té bnh 85 %é th'eqhsta AR RISHRIMBIENN gUéJj Yrterhiidiatd a)l chi TpRLents

wi th and presbyopi a odeS|re near 1n errre fate an tant vision

to experi emeumtndfemaé@rmm frayntel sashdlyf optimiwedgtos hammye seoristrastiveat ar act
surgery In summary, enbodj nents of the resent scCJf%sure provi de
an r ovéﬂteﬂﬁfqmﬁcPﬁweﬁuthq p@r&tsr-d@aaéxcgnrer‘r@fsﬂ\@c e aRsl iffACYeocul ar

| npl ant | ”r‘égféﬂesAéa tﬁlﬁf EWPEH Sl fef l%t?s?%ndemv? Us 2hudrR8tel! Qh% fiad a

nunber of ics ac Ive mu ocal passes optical energy in
di st ance, m%@medraw wmbraiseemddeearlncthlﬁdsprﬂse inited pregsei of theechatercal |y
couple to the diffractive nmultifoca ositi ng, secure
the diffrHPP0ES FRAIPR {50 PS"P@IO\M“%"HF ﬁh$ fura mgrqg}r%qt&prsgrgp e SH&P?‘i f ocal

| 0L may '%é%ﬁst?@étmee}ngrﬁefér%téae% 4 SOMBUIRBRCA IR ihiedmieBtitfoci The
diffractive region ma a centra region or optic zone of the |ens that

i ncloides comttangt initial ghape upfwarg$s rgdatmmteg/ energy fignsner teeingémsediateor der to

all ocate ene basdonll ht |. condjtions, and actjvity. noder to
create a f%ﬂc{ gf{'g 8‘9’”}9{65#%9{%5 %?EP%? frpm distance tpomtqrgﬂ[egq '&tgr?é’dpat i ent .
This all Ovﬁalgr%@!sté&ﬁévé’d“w 6né Bﬂwldb%ﬁr%ﬁi whéﬁ%hﬁﬁmg hﬂtl@lyFﬂwd”géSt*o e 6r 6! aced
to be corrected. 30O her enbodinents of the present disclosure provide a
met hod t o @ wave. This design maintains good distance, intermediate and near focus.

In FIG. 5A and 5B the DD distance-center is shifted upwards by 1/8 waves.

20 In FIG. 5C and 5D the DD distance-center is shifted downwards by 1/8
waves. In FIG. 5E and 5F the DD distance-center is unshifted. In FIG. 5G and
5H the DD distance-center is shifted downwards by 1/16 of a wave. Further

optimization may result in other modified designs.

25 As shown in these FIGs., embodiments of the present disclosure may
provide clearer distance vision at smaller pupil, that is, at photopic condition

and better vision at larger pupil, that is, at mesopic conditions.

FIG. 6 provides a logic flow diagram of a method to correct for visual

30 impairments such as aphakia of the eye. Operations 600 begin with the
removal of a natural lens from an eye in Step 602. An apodized diffractive
multi-focal IOL may then be inserted within the eye. The lenses of the

diffractive multi-focal IOL may be convex on both sides (bi-convex) and made
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correct for visual inpairnment of aphakia. In one enbodinent this involves
renmoving a natural lens froman eye when the | ens nmay be di seased or
damaged twoaoginsassei dent. Next a diffractive nultifocal pCOUSawEy/0bss nsert ed
within the eye and then secured and positioned with a nunber of haptics.

The diffractive region of the diffractive nultifocal 1O may sinultaneously
pass opti cafl aestét gastio tﬂna!;tmnt be i fotdednpdorate ingedtiorear This cfaldipsiatiowsi n
bright optical itiqgns e, the. outer refractive.r.egio

opt cal “eriggmest hedughls shiuedi S8 iR HREA TG TR PEé B8° anot ner
enbodi menthgf oﬁtl%ediéh%’féf‘bf dhs iffaetive PIANisRs |IoLMEenRed susgiealr ineéttioni sual

i mpai rment. This nmethod invol ves passing optical energy to the retina

wherein t hlé’fa)tha eye irestepg§04rihe Kl immpeentlyranfoldbia resdoresyisiogy NsSteRssed

o 1ot acThd iPhruPoS R AL SeRUR Pt hBSTETN Pk HEpeURRER] o

optical engeaysd Bf §U|§;§@rﬂog_ ,arhiyt ﬁfdmdS)afd%prdﬁ&ﬂrpr@pédpbsmbﬁmgdefethe
diffractive nmultifocal can have a central diffractive region and an

out er ref ri&d: Witbin &g eve. ERpTWdiBRN of theydresasddisclasyE Bﬁyr@aéﬁl‘?fw
t t | t
patien Sp:}gﬁl i o% Sl qusﬂz?stéﬁgraél{]é?ﬁ@ér R g@ttB Or%é'iracg tﬁé?l%ﬁ?ra}’feﬁs% a

smal | er t|o opi ¢ con have roved

vi sion at drovgein PUGI 1, Thl§ pdmmpaldbth‘rcb iObnes coﬁt@cbnsuaf uapwrragatsskl Il in
the art will appreciate, the term' substantlallém 20. or "appr ox m%tely :

as ey be w@aam%@hsemwf deRatyrali e Qéudkssﬁémﬁ@&q
CO”GSPO”;’TH? 14y Belf$n era‘%{ dﬁﬁﬁ&ﬁ%egﬂﬁi Hca‘l ”oLhé‘s alde 3%] rékﬂéﬁs%

appr eci at term"™o cou be use i ncl udes
direct couT)Hns ragowsqbamedtsrwmh andwythong presdvyapratmlem desnn@oeentntemmuet
cireuit, cmj)ls%J nt vision ?ngé’érué‘n"c%r laggpgrll(éencel fnom g asses %’c\)nllowmg surgery
such as cataract surgery.
15
In summary, embodiments of the present disclosure provide an
improved diffractive multifocal design for ocular implant. This ocular implant
includes a diffractive multifocal intraocular lens (IOL) and a number of
haptics. The diffractive multifocal IOL passes optical energy in distance,
20 intermediate and near conditions. The haptics mechanically couple to the
diffractive multifocal IOL in order to position and secure the diffractive
multifocal IOL within the eye. The diffractive multifocal IOL may include both
a diffractive region and a refractive region. The diffractive region may be a
central region or optic zone of the lens that includes concentric steps of
25 gradually varying step heights in order to allocate energy based on lighting
conditions and activity in order to create a full range of quality vision, i.e. near
to distant or the patient. This allows conditions where the natural lens of the

eye must be replaced to be corrected.

30 Other embodiments of the present disclosure provide a method to
correct for visual impairment of aphakia. In one embodiment this involves
removing a natural lens from an eye when the lens may be diseased or

damaged through accident. Next a diffractive multifocal IOL may be inserted
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25 appreciate, inferred coupling (i.e., where one elenent is coupled to
anot her el enent by inference) includes direct and indirect coupling between
two el enrewbD=20im58332 same manner as "operably coupl ed". ARsTase010/0538Lr age
skill in the art will further appreciate, the term "conpares favorably", as
may be used herein, indicates that a conpari son between two or nore

el ement s, Bihihee, ey gndl thenesecuregramvd desitianetbsiithed m@hbei ohdtaippcs.

Al t hough the present disclosure is_described in ail, it oul d pe
under stoodﬂﬂ%é‘{’ﬁr\%gﬁ’%d@gpﬁaﬁgé@? ‘iﬁr@é‘ﬁi"? Jbi F@aéﬂﬁﬁ-améé(r ﬁwla{%’sne@éfﬁﬁ/be nmade
hereto wit t rad f SRrkddi ifisSH as
dosor i bed Byt RERGRCIcAd 10 UMaNE MRS RETRT TR food Poiftest B

i npl ant, caoptiwal sondjtions dihilé the oiuter nefraciiveoragion nmayaprss optidadese(gyoto)

bl e t ide a . 5 dist . a.. i nt iate . f . th
o et acti vasEBIRE: Vigiol iy e iaRAG ca R c ket ARel b APBRU B et s 1 e
i nci sion, yeesl Bidchrsuse fdrbdbs Ve mtHodl & dorrebl visuaplimpaimeerdi f Thrct i ve

region and a refractive region, the phase of the refractive regi on matching
t he phase methdse inlioivasapabsiagr epficah energhdeethehretinaopehesain diferagficaluch t hat

construct | YSerb) L RE] B E NGB R6C U Thidhoptils SRS RNBEsAN WifH & BRfhdhe foct;
multifocal IOL typically located within the eye and used to replace the natural
10 lens. The diffractive multifocal IOL passes optical energy in distance,
intermediate and near conditions. The diffractive multifocal IOL can have a

central diffractive region and an outer refractive region.

Embodiments of the present disclosure allow patients having visual
15 impairment to have clear distance vision at smaller pupil conditions, i.e.
photopic conditions, and have improved vision at larger pupil, i.e. mesopic

conditions.

As one of average skill in the art will appreciate, the term “substantially”

20 or “approximately”, as may be used herein, provides an industry-accepted
tolerance to its corresponding term. As one of average skill in the art will

further appreciate, the term “operably coupled”, as may be used herein,
includes direct coupling and indirect coupling via another component,
element, circuit, or module. As one of average skill in the art will also

25 appreciate, inferred coupling (i.e., where one element is coupled to another
element by inference) includes direct and indirect coupling between two
elements in the same manner as “operably coupled”. As one of average skill

in the art will further appreciate, the term “compares favorably”, as may be

used herein, indicates that a comparison between two or more elements,

30 items, signals, etc., provides a desired relationship.

Although the present disclosure is described in detail, it should be

understood that various changes, substitutions and alterations can be made
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a plurality of haptics coupled to the diffractive nultifocal 10OL operable
to position the diffractive multifocal 10OL wthin an eye. 2. The ocul ar

i npl ant oWVOCGhHI/FBB2 wherein: 15the diffractive region i Copse@blos3’™8o pass
optical energy simultaneously to the distance, internediate and near foci
in bright optical conditions; and the refractive region is operable
to pass optdretd wetheut\ddparihgtfeoraethel spoih and dicopepof dla¢ diseldstieoas.

203. The ocul ar_ i npl ant of d ai r’r] 1, wherein the diffractive multifocal QL
conpri ses 4E%57ibghbythegppgnded claigs. The ocul ar inplant of Oaim1, wherein
the diffractive nmultifocal I1COL exhibits at |east about 5% i nprovenent in a
MIF val ue at an about 2.5 mmor 25smaller pupil when conpared to prior
apodi zed multi-focal designs. 5. The ocular inplant of Caim1l1, wherein
the diffractive multifocal 10OL exhibits at |east about 15% i nprovenent in a
MIF val ue at an about 3.5 mmor |arger pupil when conpared to prior

mul ti-focal designs. 30
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WO 2011/ 053532PCT/ US2010/ 053784 6. The ocul ar
the diffractive regi on conprises:

i npl ant of Claim 1, wherein
a plurality of concentric steps of

varyi ng swepohisgises t hat al |l ocate energy based on |i ghtcomgiseandsi7sons and

activity to produce a full range (near to 5distant ) of quality vision.
2011/ 053532PCT/ US2010/ 053784 7. A nmethod to correct visual inpairnment of

aphaki a COMMATBISIGLAIMBLVISg a natural lens froman eye; inserting a
diffractive nultifocal intraocular lens (I0OL) within the eye, the
diffractive nultifocal |ICL operable to provide a near focus, an

interrredia{e

10

15

20

25

30

An ocular implant, comprising:

a diffractive multifocal intraocular lens (IOL) operable to provide a
distance, a near and an intermediate focus, the diffractive multifocal IOL
having a thin edge operable to support a smaller incision, wherein the
diffractive multifocal IOL comprises a diffractive region and a refractive region,
the phase of the refractive region matching the phase of the diffractive region
to phase-shift optical energy such that constructive interference occurs at the
distance and intermediate foci; and

a plurality of haptics coupled to the diffractive multifocal IOL operable

to position the diffractive multifocal IOL within an eye.

2. The ocular implant of Claim 1, wherein:

the diffractive region is operable to pass optical energy simultaneously
to the distance, intermediate and near foci in bright optical conditions; and

the refractive region is operable to pass optical energy to distance

vision in dim optical conditions.

3. The ocular implant of Claim 1, wherein the diffractive multifocal 10L

comprises a biconvex optic.

4. The ocular implant of Claim 1, wherein the diffractive multifocal 10L
exhibits at least about 5% improvement in a MTF value at an about 2.5 mm or

smaller pupil when compared to prior apodized multi-focal designs.
5. The ocular implant of Claim 1, wherein the diffractive multifocal IOL

exhibits at least about 15% improvement in a MTF value at an about 3.5 mm

or larger pupil when compared to prior multi-focal designs.

16
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5focus and a distance focus, the diffractive nultifocal 1COL conprises: a
central diffractive region; and an outer refractive region, the diffractive
mul ti f ocavol2@l/Bp38eabl e t o phase shift optical energy sech/ushan/os3784
constructive interference occurs within the diffractive region and the
refractive region; 10positioning and securing the diffractive nultifocal

| OL within the &ye Viite ogufarurgllanty obCldiaptli aghereimplies diffractiee degibnacti ve
mul ti focal 10L., 8. The nethod of Claim 15, wherein the diffractive

mul ti focalcqm“%ﬁrpri ses a biconvex optic. 15 9. The nethod of C aim 15,
wherein t i i k f
concentri r(ggspt ep #’f gg{‘{'/‘%rﬁﬁ&sﬁfg%g ﬁl%lﬁeﬁg?%?rggaﬁhggﬂggg%l Eg?e on

| i ghting Coasgidt bonigghding eanditionsy and pctivitycte ardduce aafuyerapgeatneaas to

5 distant ) of quality vision.
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20di stant ) of quality vision. 25

WO 2011/053532 PCT/US2010/053784

7. A method to correct visual impairment of aphakia comprising:
removing a natural lens from an eye;
inserting a diffractive multifocal intraocular lens (IOL) within the eye, the
diffractive multifocal 10L operable to provide a near focus, an intermediate
5 focus and a distance focus, the diffractive multifocal IOL comprises:

a central diffractive region; and
an outer refractive region, the diffractive multifocal IOL operable to phase shift
optical energy such that constructive interference occurs within the diffractive
region and the refractive region;

10 positioning and securing the diffractive multifocal IOL within the eye with a

plurality of haptics coupled to the diffractive multifocal IOL.

8. The method of Claim 15, wherein the diffractive muitifocal 0L

comprises a biconvex optic.

15
9. The method of Claim 15, wherein the central diffractive region
comprises:
a plurality of concentric steps of varying step heights that allocate energy
based on lighting conditions and activity to produce a full range (near to
20 distant ) of quality vision.
25
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