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SUMMARY OF THE INVENTION

[0005] According to a preferred embodiment of this invention, an accommodating lens
comprises a lens with a flexible solid optic attached to which are two or more extended
portions which may be plate haptics capable of multiple flexions without breaking, preferably
along with fixation and centration features at their distal ends. There may be a hinge or groove
across the extended portions adjacent to the optic to facilitate the anterior and posterior

movement of the optic relative to the outer ends of the extended portions.
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ends. There may be a hinge or groove across the
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[0015] According to the present invention the optic is of a foldable, flexible silicone,
acrylic or hydrogel material and the haptic plates are of a foldable material that will withstand
multiple foldings without damage, e.g., silicone. Preferably, the end of the plate haptics have

T-shaped fixation devices and are hinged to the optic.
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[0020] The haptics preferably are plate haptics having arcuate outer edges including
loops 6. The loops 6 when unrestrained are somewhat less curved in configuration as shown in
Figures 1-2, but compare an example of an inserted lens 1 as seen in Figure 5. The lens 1,
including the optic 2, haptics 4, and loops 6 is preferably formed of a semi-rigid material such
as silicone, acrylic, or hydrogel, and particularly a material that does not fracture with time.

The loops 6 can be of a material different from the haptics 4 and retained in the haptics by
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bl ended pol yspheric design of the
demonstrate the transition area as a varying radius that ranges from SR1 to SR2, and it should
be noted that the difference between SR1 and SR2 has been enhanced to better show the

transition. In particular, SR1 is > SR3 > SR4 > SRS > SR2.

[0026] As is well known in the art, the intraocular lens 1 such as that in the drawings is
implanted in the capsular bag of the eye after removal of the natural lens. The lens is inserted
into the capsular bag by a generally circular opening torn in the anterior capsular bag of the
human lens and through a small opening in the cornea or sclera. The outer ends of the haptics
4, or loops 6, are positioned in the cul-de-sac of the capsular bag. The outer ends of the
haptics, or the loops, are in close proximity with the bag cul-de-sac, and in the case of any form

of loops, such as 6, the loops are deflected from the configuration as shown for example in
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anterior optic surface 16 and thus show the transition
of the anterior optic surface fromthe outside surface
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pins for molding the anterior optical surface of the present lens is different.

mmant eye

e Lens and plate material is Biosil (Silicone).
e Haptic is the same design.
e Haptic material is the same Kapton HN (polyimide).

e The posterior surface SRO may be the same as or different than SR1 (e.g. a 23
diopter pin on the anterior side and a 21 diopter pin on the posterior side will give a

22 diopter lens).

[0029] Below are calculated dimensions of the optical section of the IOL for the

minimum, average and maximum diopter lens. Diopter 1 is the dioptric power through the
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A histogramof the lens is basically a bell curve with

a peak at 22.0 diopter. Oten analysis is done with a
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T .
After tgggé?% I I?rg?lgg{/{{l%ﬂ rrll*t Egrtgﬁfg?e?swl %Elﬁﬁr’if%?% ilé(?ardg?oefénh?g any
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standaJIdha%commodatmg intraocular lens. The through focus wavefront aberrations peak to
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valley and RMS graphs and Waveforms 1 and 2 below show quantitatively how the present
ED-AIOL provides superior overall optical performance in the range of object vergence from
infinity to 2 D. Thus, the lens functions simply by extending the range of accommodation
about the far point by increasing the static depth of field. A patient’s vision is improved by
virtue of an increased depth of field, and this depth of field also will be present if the patient

wears spectacles for near vision.



far point of the patient's vision. Thus, a desired
depth of field increase about the focal point occurs,
w@e@shhae et i nal i nage has been determ ned to PEI/US2007/074664
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to abopict Mt (ORp P h dfas edasaigoty e distancee (e RO mm), ghedEDAIOL provides

i ent'.s visi i S _immr . Vi f i n
e O PSP E Y 14452 B0, P RERROE
providps gsRnB3%fhettbeP Papdredtinanesdngl abpecI(86 berser RIS pesormance
vi sion. The Waveforns 2 are RVS wavefront aberrati ons

compafegk to sApop IGh g Aspanpeseandrorp Hjedatera) shiffdh dle prkhsa Higcqrrespends to
o nf i pit oo _ ]
sbou Qg SELRPLE5 Al gr3h4 DL o OBl BBt e
AIOL plicavd plesidedatter smvayal paformaleravat therlepthradifeeld range absit dfe
ak to valley and RVS val ues over the rage of object

P
AIOL&?%H%‘Qt'f rominfinity to about 4 M (0.25 D). For
cl oser.,0bj ect. di stances (.4. M to, 500 ,.the ED- Al
1003015, 0~ B gy 48 BHET & o iikb TR /T b S ey formed
from tif sahfeem &bl Gk VLI GHEBE & of HRISopstrhey BH A batedmhdas such as
about 33% better P-V performance and about 50% better

polyimiids ppsderico prBMAA @8 disanssed bgowheTl lopps ikdorenad i@ sspaspie material
v e T e LA RO AR T By SRR o

6 can exgaidbydeaEi%Y flohe thetiheriadGkatidnahembe BN Bopshoul d
provi de better overall perfornmance over the depth of

[0031]f i el d Asmged allzout tht heptAis@haghdecagropai artthin @S foriie a hinge

nd of .t he..l oops cont aj.ni .1the knobs 7 be. )
across g}eerrf@ffa%%dé@qeaf WE? BPtfe 31Lffl§ ga%lttﬁss @aﬁ@nﬁtﬁtog%a?p%n{%ﬂy and

posteriBARFd185vedo Me &l16 d@OBBHEBRYpHRG. Of a separate materi al
such as polyi m de, prolene, or PMVA as discussed

[0032]bel OW-Ac'%ﬁiihglzmieﬂefhaﬁ BedtEthoh aad Jeqraibad & [emttedtiiddallgicBmprises a
nol ded into the term nal portions of the haptics 4

silicon gtin apchgiticqrsdhaptieRlatiselopns by ean bsfof pliffergpfneteialthan the plate,
. e . Op~%S
ond o FELETHe e FBE PAE Hp Bl A0 P dBlst i Ry ona e

tunnel formey ihthedusiog b Dihe @anteriof Mmdpategdr bagsalesofthedhumangapsular bag,
across their surface adjacent to the optic. This

and whegein fheragtesior seAsTon thegtptichas & pentel giraor insreasedpepver of less than 1
diopterP R ds A h¥hb &bk Mnthi2 thOfenO Y HE nBRYUSnant B hapti cs.

[0033] Various changes, modifications, variations, and other uses and applications of
the subject invention will become apparent to those skilled in the art after considering this
specification together with the accompanying drawings and claims. All such changes,
modifications, variations, and other uses of the applications which do not depart from the spirit

and scope of the invention are intended to be covered by the claims which follow.
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[0032] Accordingly, there has been shown and descri bed

a lens that ideally conprises a silicon optic and
w@RdoBoORes hapti c pl ates, |oops that can be of BCT/US2007/074664
different material than the plate, and a fixation
device at the end of eagRPENDyXal | owi ng for novenent
of the | oops along the tunnel formed in the fusion of
the anterior and Eosterl or capsul es off the human
capsGiarahEgpus WayeligibPeakio YHEY ant eri orf surface of the
optic has a central area of increased|power of |ess

't hanadoobopte @t\ met hod of |i npl anting the
. He pon dom aant awe. [0033] Various changes
: \ o, ]
. \Q\§\.\\\\\\\:\\‘\\ other uses and
R W \\C\§3§§§§ invention|w |l become
2 | ABD B8 skifi@l i the art after considering
£ 1800 e i -
& this s\\\\Q\Q\\\{%‘\%\\\\\w wi.th the acconpanyi ng
E Hie \\\§ ‘\\\\:\\%\\i“%\\\“\‘\\%@% h|-ctratigles|| nodi fication
~ 2 R7 TN A D R D R R H N & ASREE S | | | S,
2 owatialions \\\\\\}Xv&\”\\\\\\}\x\\\\\ "t heECitl|i cations which
& : SR e = ¥l w.:‘ ?’, SRRy R LI
;;’0(9 \§&s\\§\§§ﬁ\§§\g\\§\\\§ and scope of the
o | BVERE ‘ﬁ‘s\\‘%\%&n\\w\t\\i‘\%‘ﬁ\ \3\3- covered by the clains
0. \\\\\\§\\\§t &\\\&\\2‘\%\%\\§§\§\\\§- 1 The Waveforns 1
N

VM\\:S\\\\\\\%\'}\\\\\\ aberratiogns for AIOL and
: .

B G -
CLAIMED*¥S: 1. *An acédmmopdating | ens having a single
bi convex Pbiexyelgewse ®pl i d pol yspheric optic with two or
rere—sphert+ecal—surfaces—orm—one—or—boeth surfaces of the
optic, the optic having a single focal point, and
havi ng one or nore haptics extending fromthe optic to
Wavefcenstfr and fixate the lens in the capsul ar bag, the

Pehs adapted to nove forward towards the iris, and

. i a :

The WABEHRY (LR 108, GALLEA B8, iR 00, £R9234] D ATOBH ot
vergen2e didfanecfromriobgbdbjag at ntfmatgrtd 2 (30smgonpri si ng a
flexible solid polyspheric optic and attached fl exible
ext ended_portions, designed such that the optic can

nmove bacRVehah Fasys MAvREORMY ative to the outer ends

of the extended portions and may assunme @ position
1$ gohnhhatutEmonhictsanbestww front of, in the sane
DT L e i
05 . e

. =
o\ .

1.5 2
Object vergence (D)

7

%/

%

i

RMS error (microns)

Waveforms 2
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the anterior surface of the optic has a central area
of increased power of less than 1.0 diopter to provide
woee@spiddp@mry i mage. 3. A lens according to C aP@T/BS2007/074664
wherei n said haptics conprise one or nore plate
haptics. 4. A lens according to Claim2 wherein one or
nore fixation devices are on one or nore ends of the
WHAEAS €hadd¥ A% ons. 5. A lens according to Claim?2
wherein the extended portions are plate haptics an
t hefa apeoramgdaingdensy hayinggesingle Bivenvixelleayiblesplid Pﬁlymhénc optic
ggg [
with t\g{): gl(:) L %eﬁéaé@gﬂfgc%g Bk 059 of l?cﬁh ggxgz!tlclcé'(s: o?tshe% }18 Nhe opt1c7havK1g a
single |f<§iraSpcaﬁt; and hagng Oné]nann'mﬂlaph&f extdridéngofpdrhn ¢hd qata to center and fixate
8. Alens according to Claim?2
the lena,s@ fre qags% bagr Y ilens agapt ioe!ﬁgvea@éwré.tﬂﬁaryé lig) lalﬁmné backwards
WRSHACADRisGHbRRIGH AR ARSI a Rl B I REQREy nhfclefiukiRBS
alongaccgr%lz%nglstet(rg) Carm?2 whgre ?he gx ended gor Fong’ ]
accomhmodhuigte | oops and fixation devices and are a
conbi nation of silicone and another inert material, _
| hehndrergpodafingiinteaocplap lean eomprisipgmilexibie soldipshspheric optic
to m 4 wh n
and att@ghn%rf?e%(gg 8)&&1?1%&) étl?ns &s b%lled %uc% Glilat)&g%/ﬁﬁtlc éja% gxgeisbeaﬁlé\yard and

forwardZelaivd @NBe a@@ﬂé@swtﬁdbxﬁlﬁbﬂfp&@low gieEmh Esshﬂﬁmspoaftﬁn such that
of the sanme material as the haptics.13. Al

the optg ek 1A drand oLl the same fpae @t bﬁ@nd Hispuitersnds @f thP Rapticsgnd can
s BT S BT BEFA e SPGBl R
anterior loe um@tmu} positiagrelalide toithk enter andsarfdheextéralifgd portivois, and wherein

the ant\éggﬁr ac%lp telogtlgbésre%é&%gg{ %%,gﬁ}%grte%ﬁ% pgg&)e?ggless t%an 1.0 diopter to

d@%ﬁ@- el ntraocular |l ens wherein the |ens
provi rlsgghgﬁglexible | ens body having normally

aﬁt B NéRracaidinas ((@4ihPF whb@Ssaid Rephidsltdfipsefdn@%r Bide plate
solid pol yspheric optic, said | ens body having two or
hapticqrpre radial |y extendlng portions fromthe optic such

that, the optic of the | ens can nove anterlorly t owar d
theA g GCGRIAMEdD AUHECE MRTCBT O eTe &rYorhigyigeg are on one or

more ends of the extended portions.

5. A lens according to Claim 2 wherein the extended portions are plate haptics and

there is a groove or hinge across one or more of the plate haptics adjacent to the optic.

6. A lens according to Claim 2 where the optic is silicone.

7. Alens according to Claim 2 where the optic is a hydrogel.

8. A lens according to Claim 2 where the optic is an acrylic.

9. A lens according to Claim 2 where the extended portions are silicone.

10. A lens according to Claim 2 where the extended portions include loops and fixation
devices and are a combination of silicone and another inert material, including polyimide,
prolene, or PMMA.

11. A lens according to Claim 4 wherein the fixation devices comprise loops made
from polyimide, PMMA, or prolene.

12. A lens according to Claim 10 where the loops are of the same material as the
haptics.
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of the eye, the optic having a central area of

i ncreased power of less than 1.0 diopter on the
w@raos/iave si de of the optic to provide a bl endedr/opio0T074664

whi ch does not cause separate imges, and the |ens

bed.ng l&iszecordihghe Glapl ENWReteitid Ropdieave apfinatian ebﬁ@nﬁiﬁf a different
the eye such that contraction of the ciliary
mate“é‘a%‘s@@@ﬁ@“’@[é}( §1els &3 enhaacy esmiraipn diration o4 QE?JF%%WB% the
d the iris to nove forward toward the iris with
Capsullgflgﬂg;ont raction. 16. A lens according to Claim 15

V\'h@ rR'léhstalagorhﬁr&Sto @Q&ln{@%e@ﬂﬁ@éﬁt&r dide BHInPYS & BinAhlakd the
. Alens according to Caim15, wherein the optic

centrab@na rroperoxongialyd - anman. backvvar ds with ciliary nuscl e

contraction and relaxation. 18. A |l ens according
i ¥ aCopBedAting (HER0sHIET leng wherplyde Aens ﬁgnmﬁéewﬂelwﬁ lens body

havingtp%bﬁn?igg gﬁt@%ﬂ@[ A dsRribP §aou g&ﬁucﬁﬂ]%§ 8?}f(lbfe BS );SW@@Q optic,

ens accor

t O Rud 88 RS RO G180 Q@dlﬁl}a&&e I't»(ﬁﬁonszi@om'?hé &% such that,
according to Clai m 15, wherei'n the extendi ng portions

the opti¢ of bk e chraptaive sniwioHy towrad thovitin gyidcontrectipnaifghe ciliary muscle
fihe %uncti ons adjacent to the optic. 21. A lens according
° G aim 15, wherein the extending portions have knobs

si Bgc H%V?Itégg c Z?nre%réﬁ Iﬁréggédgé)oqvvgr%rf tlésgﬁ‘[agvll (?r%lropgiaélé the

anteridr RRlesif €psopaic tb mfdvaﬂ& a blgnded dplne which Mnﬁacmuscey@aﬂifte inhees, and
pati ent an accommodating intraocular |lens which has a
f the kdns beingeirsd bobly inpwitad into thmiapgularhag oif thre @nduch that

contraff A ShEF Bl Caured (iR e {20 G ATBEHER ahsup oppehind the

iris to MAGE EASARH @@}éﬁfth@ﬁné ®AR ith 0aMraktiBn di opter to enable an
extended region of depth of field about the far point

off6. aA ks iaCdtrdinig Vo Sl0Mm, 1 Stwigeréianise ASYarhavyd1ghtérér1yodnd posteriorly.
nore extending portions fromthe optic such that the
| BnsA b ammréingm EidnarllSy wheten thepptriacin moveofortvhel and backwards

ary_nusc of the e and the | ens being sizedto
with C‘g‘éry‘ﬁ’bgcé ‘Eoé‘('j‘aFtllﬁnoa“thSlaééﬁghl ar bag of the eye such
t,contract.ion r scl caus
o 14 PP S8R Clabrl s hork P QR o5 Rl g o e e
relativé td the bOteFBNVE cff@lﬁé/\@{t@hdﬁﬁg poredisd the iris with lts
contraction. 23. A nmethod as in Caim22 conprising

t19e A lnt hetording ps Cifim 15, wherein the extending portions are plate haptics.

20. A lens according to Claim 15, wherein the extending portions are plate haptics with
a narrowing of the plate junctions adjacent to the optic.

21. A lens according to Claim 15, wherein the extending portions have knobs at the
distal ends.

22. A method for improving near vision of a non-dominant eye of a patient comprising
the steps of

implanting in the non-dominant eye of the patient an accommodating intraocular lens
which has a flexible lens body having normally anterior and posterior sides and including a
flexible solid polyspheric optic, the optic having a central area of increased power of less than
1.0 diopter to enable an extended region of depth of field about the far point of a patient’s
vision, the lens body having two or more extending portions from the optic such that the lens
can move anteriorly with contraction of the ciliary muscle of the eye, and the lens being sized
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implanting in the dom nant eye of the patient an
accommodati ng intraocul ar | ens which has a flexible

wo eovs/obady having normal |y anterior and post er POT/US2002674664
and including a flexible solid optic, the | ens body

to be i 1 Venfed ihi6Qh® Eap¥RIaebi26H Bk kye Sxhedico@radibh both cili@ymuscle
e optic such that the optic of the |l ens can nove

causesah@ @Pti%?f | the Iging Wikighthe gepsubin bag belied Hie|ifig Fymaye farwargto toward

HWIHJQS gg tgéhoécconnodatlng i ntraocul ar | enses for
? I'n the eyes of a patient conprising two

f iﬁXA%&hA@mnl@QOﬁfz Bapin RE TRkiley s@p4 6f 1 or and

posterior sides, each |nclu ing a flexible solid

Olliﬁ lé‘ntm%hﬁ’ tﬂe&!b‘i’mﬁé}ﬂ' &8 Fasdpdtiani Alack¥Rnddatify @traocular lens which
ially extending portions fromeach optic such that

has a ﬂerxebl@ ps0b body havies nerAudly apignonevkpestrior piges yndanglyding a ' exible
|
oo GG R B0P AEGLLY A5 YRR} 5 QnL B Ero IR o
that thé bpﬂib df tBe thng RRE MoO 8 atiteodn tvithi contradtide o&ﬁfhet dikargptiscle of the eye.
produci ng a single focal point, and each | ens being
S24 eAlcdomrbedaiting ligrioedlar kehsesdorr iesq@amatiqnein ¢lapsigh af a patgent

of the such_that. contracti.on of t he ci |
compriggcas RIS LS PR BTk FaA R an Rt B isisioh idp cach
indudﬁ%gg%&ﬁﬂeg@gﬁqgﬁhlnd the iris to nove forward toward

the iris with muscle contraction. 25. Accommpdati ng

| 188 2 bagies eabhraving twoar Mo2d radidIBr &itdhdinpeportidirfeinm gach optic
portions are plate haptics. 26. Accommodating | enses

such ﬂﬁ!é theramtin gf ths lensss GIDMOVENEEEITY VHE centrasHan ﬁéﬂ’ﬁ&# liary ﬁglscles of
are plate haptics with a narrowing of the plate
Junctlons adj acent to the optic. 27. Acconmopdati ng

sog)ﬁc AGHAL Q'c@&ril%régrl Aiflrésbed %\%Eledfqegs hRarl £0YidpRtionGhe
the tic wth a central area of increased power is to
anteriolp eidiemﬁltlmrnpéxd producing a sidgle foedl@oayeandf a pati ent.

the ey

each lens being sized to be implanted into a respective capsular bag of the eye such that
contraction of the ciliary muscles causes the optics of the lenses within the capsular bags
behind the iris to move forward toward the iris with muscle contraction.

25. Accommodating lenses according to Claim 24, wherein the extending portions are
plate haptics.

26. Accommodating lenses according to Claim 24, wherein the extending portions are

plate haptics with a narrowing of the plate junctions adjacent to the optic.

27. Accommodating lenses according to Claim 24, wherein the lens having the optic

with a central area of increased power is to be implanted in a non-dominate eye of a patient.
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