"W" ACCOMMODATING INTRAOCULAR LENS BACKGROUND [00011Intraocular lenses have for
many years had a design of a single optic with loops attached to the optic to center the lens and fixate
it in the empty capsular bag of the human eye. In the mid '80s plate lenses were introduced, which
comprised a silicone lens, lOnWKg@m% éﬁ%@ﬁﬁ%@[ﬁh@ﬁi@%es could be folded but did
not fixate well in the capsular bag, but resided in pockets between the anterior and posterior capsules.
The first foldable lenses were all made of silign@KiRREENIN 1990s an acrylic material was introduced
as the optic of lenses. The acrylic lens comprised a biconvex optic with a straight edge into which were

inserted loB¥Hd center HHERSRETHCIRSSRARY GIRY MRRtEYtaRIAN teeigpAlarBaY TBPD 2R 08y

accommodatiRgdnirameWaidenseshare beemintoduces dhmpratkptuihiclz genrraliyareymodified
plate haptic lenses. A plate haptic lens may he defined as an intraocular lens having twao or more plate
haptics whg‘réhéd?ﬁ%ﬁ@ﬁ ﬁiﬁﬁ%?ﬁﬂﬁ%s\ﬁi?ﬁetﬁﬁ}/8%fﬁ?$e‘6’r}%§léﬁ? W&Sﬁuﬁrfg}?‘:&? ?;]S?é’ao}/p tﬁéﬂ Girumference of
the optic. [RRR8IFexbie actylistmairiat hasgaindd sighitiedritp dptatifixamerl ophthalpsidasurgeons.
In 2003 for, ex le more than 50% of the.intraocular lenses impl a i ics. Hydrogel
lenses hav}éa @%&éﬁﬁ% Po%%%gt : t\gegrér%carrﬁ%r%gﬁgims are ﬁéap%%%%g m%%f%%k?@%ﬁ% without
fracturing. aee¥ddhalhtwantodtdiceecdmihodadingIensnvisich furdtorlsisy maeingethesdiptic along the

axis of Ihe gye. bt feReatad e sarsuaLi ted I MAlGKIRTOMmAEHE IS RrsiEould be

made. Silicane is the material, since It'is flexible and can be bent probably several million times
without shoveirsgraariadanmgéo A draltpondhsrayora et UF%&E&W Wi&ced across the

plate adjac the optj¢ as part of the lens design to, facili ent of theoptic.rglative to the
outer ends%ﬁ#i, hapticts%.geﬂ%ne&grcﬁﬁfgné%%%r% 18%%%% e%gt%}t glgsigr\%gl}réﬂk Isclosed ?n U.S. Patent
6,387,126 intthé pareelbf dteStodfiuriamihapts Uuen RYrhR Taptic levERay bndefined as an

intraccular lens having two or more plate haptics where combined junctions with the optic

represent one quarter or more of the circumference of the optic.

[0003) Flexible acrylic material has gained significant popularity among ophthalmic
surgeons. In 2003 for example more than 50% of the intraocular lenses implanted had acrylic
optics. Hydrogel lenses have also been introduced. The acrylic materials are incapable of
multiple flexions without fracturing.

[0004] The advent of an accommodating lens which functions by moving the optic
along the axis of the eye by repeated flexions somewhat limited the materials from which the
lens could be made. Silicone is the ideal material, since it is flexible and can be bent probably
several million times without showing any damage. Additionally one or more grooves or
hinges can be placed across the plate adjacent to the optic as part of the lens design to facilitate
movement of the optic relative to the outer ends of the haptics. An example accommodating

lens of this nature is disclosed in U.S. Patent 6,387,126 in the name of J. Stuart Cﬂmming.

SUMMARY OF THE INVENTION

[0005] According to embodiments of the present invention, a new form of accommodating intraocular
lens having a lens body and optic is provided with plural straps, preferably two, between the

optic and lens body to allow the optic to move anteriorly and posteriorly in response to the
pressure gradient created with accommodation. The lens body preferably has a central hinge.
The structure is such that it particularly benefits from changes in vitreous pressure with

accommodation.



[0005]According to embodiments of the present invention, a new fool' of accommodating intraocular
lens having a lens body and optic is provided with plural straps, preferably two, between the optic and
lens body to allow the optic to move anteriorly and posteriorly in response to the pressure gradient
created with accommodation. The lens body preferably has a central hinge. The structure is such that
it particularly benefits from changes in vitreous pressure with accommodation. [0005alAccording to
an aspect of the present invention, there is provided an accommodating intraocular lens comprising a

flexible gshs.guch th%%%r@%ﬂ%?@c@%%&ﬂ%§¥ﬂ%ﬁi@£|€H§‘réh§Eﬁ@(r!@&ygﬁ posteriorly, and a
flexible optic, the lens including a plurality of fixation loops attached to the end of the body,

charactéfised P EBIROGHR bpscempEsmgattisribie bedly sidh tholinbsd «9RBIHHHY by hinged

straps MRS anteyiarlkand PRstaHor RO ALY MYSEIe P RSIECHAN Al ralaxation relative to the
lens body, wherein each strap_is on opposite sides of the optic longitudinal to the lens body and each

strap ha@ W Rmgel et distind s pind et & ghsenst pitbrBodvodeiagtierissd i a feature of the
present inyeptiondeimneayide anewniri plRceemMMAdaNGIeNs. BRIEHRERGRIE THN OF THE

DRAWINGS [0007]Figure la is a prospective view of the front or anterior side of the lens according to
the pres’@ﬁf’ﬁ”?ﬁﬁ%‘?ﬁy and posteriorly upon ciliary muscle constriction and relaxation relative

to the lens body, wherein each strap is on opposite sides of the optic longitudinal to the
lens body and each strap has two hinges and wherein the body has two pairs of hinges.
[0606] Thus, it is a feature of the present invention to provide a new form of

accommodating lens.
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100081Figure Ib is a prospective view of an alternative embodiment. [0009]Figure 2 is a plan view of
the anterior side. 100101Figure 3 is a plan view of the back or posterior side of the lens. [00111Figure
4 is a side view. [0012]Figure 5 is an end view. [0013]Figure 6 is a cross-sectional view along lines 6-6
of Figure 2. [0014]Figure 7 is a pRispestive ¥igweiNneack o5esieuekside of the lens. [0015]Figure
8 is a side view during distance vision. [0016]Figure 9 Is a side view during near vision.
DESCRIPTBN|OF PRERERRED ENBERIMENR G017 [Tanningntowtsidhe Ohawingscfitlitga is a

perspectivt% Yﬁ%\%rg; %M&ﬁﬁﬂﬁ lens

[6008] Figure 1b is a prospective view of an altemnative embodiment.

[0009) Figure 2 is a plan view of the anterior side.

[0610] Figure 3 is a plan view of the back or posterior side of the lens.
[0011] Figure 4 is a side view.

[0012] Figure 5 is an end view.

{6013} Figure 6 is a cross-sectional view along lines 6-6 of Figure 2.

[0014] Figure 7 is a perspective view of the back or posterior side of the lens.
{0015] Figure 8 is a side view during distance vision.

[0016] Figure 9 is a side view during near vision.

DESCRIPTION OF PREFERRED EMBODIMENT

[0617] Turning now to the drawings, Fig. 1a is a perspective view of the present lens
10 including a lens body or plate 12 and optic 14. The body 12 includes haptics 15. The body
12 and optic 14 are formed of silicone or other suitable flexible material. Straps 16 are
provided between the body 12 and the periphery or outer diameter of the optic 14. Each strap
preferably includes one or two hinges 17 on the anterior side of the lens, or no hinges. The
straps may be 0.5 mm long in the radial direction and 0.25 mm thick to support the optic 14 by
the straps 16. The optic 14 typically can have a diameter of 4.5-5.0 mm, a typical width of the
overall lens 10 on the short side is 6.1 mm and the typical length from end to end (not
including fixation fingers) on the long side is 10.5-11.5 mm. A typical optic thickness is 0.4-

1.3 mm.

[0618] The body 12 and optic 14, as well as outer thickened footplate ends 20, are
formed of silicone or other suitable flexible material. The lens 10 also preferably includes
fixation loops 24 of polymide or similar material. A typical outer loop-to-loop length is 11.0-
12.5 mm. The thickened ends 20 fully enguif the fixation loops 24 in the silicon thus to
provide a strong matrix to hold the loops 24. There is an additional function of these thickened
areas of the plate. They also serve to elevate the anterior capsule of the human lens away from
the optic and from the posterior capsule affer the cataract has been removed and the lens
implanted. This may serve to reduce capsular opacification and contraction, The haptics 15

can be any typical shape, such as in the present Figures, rectangular, triangular, or the like.



10 including a lens body or plate 12 and optic 14. The body 12 includes haptics 15. The body 12 and
optic 14 are formed of silicone or other suitable flexible material. Straps 16 are provided between the
body 12 and the periphery or outer diameter of the optic 14. Each strap preferably includes one or two

hinges 17;ggndje anterigr, sige,af the lens, &k 19 RIRGSS, THasaRs Mayhe - nmenipbg.nthe radial
direction and 0.25 mm thick to support the optic 14 by the straps 16. The optic 14 typically'can have a

diameter 8hd BRETIRMN:, AhgBRPAPHIAME BT b oV eI M Stors fiha RYBHOSKFATE S WeatResiia the

typical length-ficam szt te:2nrd dpabivshiding fixatigndingers).en Meteng midaisd Quaclilsomm. A

typical optic thickness is 0.4- 1.3 mm. 100181 The body 12 and optic 14, as well as outer thickened

footplate SRTEHILERTS ALE ST ENESHE S EtREFETIRLPIS HARIN G TRRRARANHHETEHS 10 also preferably

includes fixatiemdanpeh2dfaipelyneidenarsinilasamajetiamAstygicad opier o apataripapiangth is 11.0-

12.5 mm. The thickened ends 20 fully engulf the fixation logps, 24 in the silicon thu rovide a strong
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matrix to HS ereils an a ction o ese cKkeneda areas OF e plate. They

also sgrvé{mmm\hateatﬁeidrﬁtéwtbs%a;pshiagﬂmhegﬂmmapﬁm as/\ia)sdrmrptfm bp!sifts,e?hd dresenthe
Posterior SRR LS’ Waeatalpdl s peel s urr Ay s sasdmplanted K v apiye 10

reduce capsular pacification and contraction. The haptics 15 can be any‘typical shape, such as in the
present Fitfure &he plrtsryedy tiangemiraldringes | ikeon 0o E0YTHer sifgpy 16 AAEVHIAGERZTE fifiction by
allowing thy gqé%mgy@fée?ﬁ%ﬂerﬁyo@aqer?@%ﬁﬂeﬁ%sﬁmtﬁeﬁwmag@iy R3S Mmpyide siraps are a

point of relative weakness in the plane of the lens body 12 encircling the optic 14, thereby allowing the

entire optif WG ThiRmAE o ARRRIIBARE HEM) REneTBRSEDO L BP PBdRissR M HaE®8nal forward

movemengdg@%m%i@gamggd@m@@pm the mass of the optic 14 to a minimum as described
below. This new mechanism may boost the effect of the other features of the lens. Rather than a

fluid-filled ©82%Hushing PFsizgifisrnepistheerasner dombighidiclendedind hastisrlngis MR a

deformable, solid 0plis R avingRAMEUH Y AR dRRBISH YL Quah a-hinaed /ipa ;lfﬁfi;%gh@mge or body
12. Central hinges 18 on the anterior side of the body 12 hingin% the_haptics, 15 further facilitate

movement'SRtFRERSEH BT A R RSEIE IS RrdRERC B IR ewEan s RS Ament with
a pair of hiRgReBEE:as shewndops lanm et withihe edgesmpiig-aptickathpsuanbahenbingastis.
[0020]Of signifiﬁance i é%e man,nqir i$ vF\gﬂch the optic 14 and i}_aétig tes % mor}ilg\jglsaccommodating
from distafRCtd HEIPUSORSITH RIS 17 SAFARRGRAVS AR A SEH T Flg?. 8 AnePd with Tespect to anterior A
and postetigefforbfésenes nonathissertigBighs @usuﬁiathmeddsmﬁh@imptmsalﬁcglam@_mops 24 as
the case may 2 ALGITRIARIER IR AR 39 Suchh At s Pliadd 15 ¥Rledasieiory for
distance vision as seen in |g.a§. fhe optic 14 moves anteriorly for near vision as showri in Fig. 9 upon
ciliar musdeckentrad iyl i tee tretonhe ertwoks fehyhisbvssorive arasite euddty iffliEg. 9 and the

haptic platgs 15 mays artialivand hackward.sligbty indhestirection afssans davhiskeresults in a

pressure caused by ciliary muscle contraction to further increase gressure on the optic 14 that pushes

the optic fErREFdSRmeIRE Hrchings traiRgsgd DRISIHYB e EsErRC I iEIscret dte QRS the optic

deforms sqmewhat: This peavidearhinaeasain-Aotanmi Rl maremanipritiaptsdeformation. Also,
the ends of the haptics 15 push backward against the posterior capsule as 'Tdicat d b%/da rrows 46 in

" Fig. 9 withiferdae 8o 1litRe Satsie s aRSh RS T FFACSHITH 1BF RSN 8RS G54 d the

thickness gf&wk-9s3 411, [DORB]AbRiIes Iatuaalpwingréhe present lens to accommodate is that the

optic 14
P [0021] The width of the hinges is 1.0-3.0 mm and the thickness 0of 0.1-0.3 mm.

[0622] Another feature allowing the present lens to accommodate is that the optic 14
can be deformable and may be constructed with a lower durometer than previously built into
any lens. The surrounding plate 12 preferably is made of a higher, standard durometer
material, similar to the eyeonics Inc. AT45 lens (which is durometer 48). The optic 14 itselfis
not required to contribute to the structural stability of the lens and, therefore, the optic 14 can
be extremely soft. In addition to forward axial translation, the bending or deformation of the
optic 14 with accommodation will induce power change. This may result in the bending of the
optic to be accentuated. This feature is further enhanced by maintaining the optic very thin

~ since a thinner optic will bend more than a thick optic for any given level of force applied. An
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can be deformable and may be constructed with a lower durometer than previously built into any lens.
The surrounding plate 12 preferably is made of a higher, standard durometer material, similar to the
eyeonics Inc. AT45 lens (which is durometer 48). The optic 14 itself is not required to contribute to the

structural siallly pfihe lensiend RieiiR e ORlindf earhs RXIsmabtsoflaeyaddie dp forward

axial trans , the bending or deformation of the optic 14 with accommodation will induce power

change. THistia rdduisAl SRIBRITINRPIT HahsRtitrb e seesstidtat st Riemrend Witfer enhanced

by maintaiging thRioRECHery IhiSinge: adhipnabaptic Will bepseperaiian alhigk@ptinafor any given
level of force applied. An - example range of ogtiq 14 center thicknesses is about 0.4 mm to 1,3 mm

for a dioptEHFAREE B4 BFiEEs 200 § BRET oMot didhtar¥Pthe optic of the present lens is 22 diopters

and which/hgssa thickness o.0:/3 hilleASHACPMRANNAN, tag Add4agaatedsaudist imac22 digpter has a
thickness of 0.88 mm, and a newer AT-45SE is 0.98 mm. [0023]A 4.5 mm diameter optic 14 and with a

. ; . ] nete
reduced eBe RBRISSS Bf 0rovid ol s 16r eRErABRS 1ahehR i dRAERsr e e UrARshaEan can be

increased @ndrthisrwil acapieate this feature even further. [0024]The present lens can be easily
foldable with forceps or an injector. A pre- loaded system is preferable. 100251An additional feature is
the incorp@i8@th of a ridge WesayesurphasesindRidtirerathdosterfor Fae) s e PIBIE 12 and/or

haptic am’lc%%&ﬁ%?‘%?éﬁ Mahess seen in Figs. 3 and 7. These ridges traverse the plate and
completely encircle the optic around the perimeter of the lens body. There is an additional ridge central

to the first#6@8]traversifg aidipans Hejarsanthe mompticionabse. (M pundestOriRdiegkes is to
prevent prolietatiBaRbiensanthehaLeals indBeiRiRR RENRARIC RIS, PhoRNGchpAE tenses this
can dramatically r

_ duce the incidence of capsular contraction. Epithelial cells will be prevented from
_migrating enddr (Recptaidesnirarsasrisinlyts mscampbitinensice e i S REIE ¥tige of the

loops, platgchaptics ansl thensALR"adari s dheoptie fusther i atectiageinatesalis tigsating in from the

sides of the plate. While an embodiment of the present invention as bii showr%fmd described,
various magifeatidAsmaRtssFRtle RRBTOSE BAHIRS HORTTH'SEEPEBMRE ST 1T htion, and all
such modié&g@ﬂg[ﬁ & Raslivalaatsharentniengrck tor betkovesedlate lenses this can dramatically

reduce the incidence of capsular contraction. Epithelial ceils will be prevented from migrating
under the plate and undergoing a fibrotic contraction. Furthermore, the square edge of the
loops, plate haptics and the square edge of the optic further protect against cells migrating in
from the sides of the plate.

While an embodiment of the present invention as been shown and described, various
modifications may be made without depai’ting from the scope of the present invention, and all

such modifications and equivalents are intended to be covered.



Claims 1. An accommodating intraocular lens comprising a flexible body, such that upon constriction
of the ciliary muscle a plate thereof moves posteriorly, and a flexible optic, the lens including a plurality
of fixation loops attached to the end of the body, characterised in that, the flexible optic surrounded by
the body and mounted to the body by hinged straps moves anteriorly and posteriorly upon ciliary
muscle constriction and relaxation relative to th&%ﬁ@%ody, wherein each strap is on opposite sides of
the optic longitudinal to the lens body and each strap has two hinges and wherein the body has two

pairs of hinges. 2. i m. [ C .has two.hinges, each on a different
end of the gtfap. ?5% A%{%sl% z?é%gcﬁ?nﬂtf%rt ]%eﬂf%%l?glﬁé?%@ sag{%ﬂ)gﬁg%aybr%u%?g&ends of the body.
4. A lens as“pPBIaRTSTiG RSy efrihe sdiserBEsRreaopiate hemointrrpssPasieily 52 éns as in claim 1

wherein therigians sy e iexdbieisHRBSaitRaRY GPMERsH 1sIR alithaapticthetyyrest the optic and the
body, the S%%Qi being approximately 0.5 mm long radially and approximately 0.25 mm thick.

characterised in that,

the fiexible optic surrounded by the body and mounted io the body by hinged straps

moves anteriorly and posteriorly upon ciliary muscle constriction and refaxation

relative to the iens body,

wherein each strap is on opposite sides of the optic longitudinal to the lens body and

each strap has two hinges and

wherein the body has two pairs of hinges.

2. A lens as in claim 1 wherein each strap has two hinges, each one on a

different end of the strap.

3. Alens as in claim 1 further inciuding lcops extending from outer ends of the

body.
4. Alens as in claim 1 wherein a posterior side of the body includes a ridge.
5. Alens as in claim 1 wherein the siraps are thin flexible straps disposed on

each side of the optic between the optic and the body, the straps being
approximately 0.5 mm long radially and approximately 0.25 mm thick.



