FLOATI NG OPTI C ACCOVMODATI NG | NTRAOCULAR LENS

BACKGROUND | 0001] Intraocul ar | enses have for many
wQ@earm9tiazl a design of a single optic with | 0OP&T/US2007/004436

attached to the optic to center the lens and fixate it

in the enpty capsul ar bag of the human eye. I.n the md
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These | enses coul d be fpldreRitngd d not fixate well
in the capsul ar bag, but resided In pockets between
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with a straight edge into which were inserted | oops t
length,eith 8 0 phe opnsThesetlprscageuldbg foidrdbut did net fikate weélbin the capsular
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lenses wieicdl! gede pébiligore. elontbdinfid 4494 @t Emh@matﬁﬂaén&emtm’ahiped as the
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defined as an intraocular |Iens having two or nore
[0002] | at e Regemntly wcopipmedadimmbintegcylunenies mevabedn intredegsdite the market,
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plate h 9c31efa§’ Bng %Ifg ﬁgg fin H?x%l%cﬁ’&/? ?xg hé\t]ire‘nﬁwt\ggr of' 8 Col%{e gTate haptics where

enses | acr
combirea\janctiee videthei aptic mdmmﬂu O%tllh‘artdn er aarry bf thea:nd:umference of the
hydrogel nmaterials are incapable of nmultiple flexions
wi t hout fracturing. [0004] The advent of an
[0003]accompday, ﬂ@&r&ﬁ@ﬁma\f@}la@ Rad %aﬂﬁéd 4 ﬁ‘lﬁg%n rﬁ%é'uﬂlgl@ Ql%ogg%bﬁthalmxc

al ong the axis”of the eye
surgeory e for miftremetrmer?mne-‘rﬁ%lﬁ tlferlotmmlmemstm ilnplagted had acrylic

optics. Cﬁ%x@ggllele qqmvcsla Co%@r? br{n%g{xgeid Iﬁ&gag%@érgfulz %lqd P}Sréroggl materials

optic.

can
are incapdbli¢ @ﬁmultrmg ﬂwmtohsmnthshnﬁwatgpwg]y darrage Add| tionally
a groove or e can be placed across the plate
10004] 5j acehlte %deph %chena%O% 4ing g whieh funssiogely girvins the optic

along th@gakiks 'otf"@{eee)%od/ﬁ%@éte@fﬂekf@ﬁs QRhEGhat Bkl fe hatbd8s BhElhich the
ends of the haptics. An exanple accommodating lens o
lens copj} ke made. Silicone is the ideal material, since it is flexible and can be bent probably

several million times without showing any damage. Additionally a groove or hinge 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 abcommodating lens of this

nature is disclosed in U.S. Patent 6,387,126 in the name of J. Stuart Cumming.
SUMMARY OF THE INVENTION

[0005] According to the present invention a new form of accommodating intraocular
lens having a tens body and optic is provided which can be thought of as including a “floating '
piston optic” with plural straps or fingers, such as four, between the lens body and optic to
allow the optic to move anteriorly and posteriorly in a piston fashion in response to the

pressure gradient created with accommodation.



nature is disclosed in U S. Patent 6,387,126 in the
name of J. Stuart Cumm ng. SUWARY OF THE | NVENTI ON
WO 0@0sIs1Azcordi ng to the present invention a neOI/U82007/004436
of accommodati ng intraocul ar | ens having a | ens body
and optic is provided whi ch can be thought of as

i ncl udi ng %oatln piston optic" with plural straps
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accomn@atingliéhsal | ow the optic to nove anteriorly and )

posteriorly in a piston fashion in response to the

pressure gr BREHR DESERIETIV [(N6ID, f 0006)

Thus, it is a feature of the r esent invention to .
[0007] pr ovi déewe Aewaﬂﬂsq%n»\c@tfvea@émﬁ%%afrpﬂbon agffgior gpdepgf the lens according
to the pRsethbddifdy. OF THE DRAWNGS | 0007] Figure 1 is a

prospective view of the front or anterior side of the
[0008] | ens Fgaediing plan Lib® pf deanterion¥klet i on. | 0008] Figure

2 is a pian view of the anterior side. [0009] Figure 3
[0009]i s a fligweviiewpdin Yike dfdbkbank gassteriopsidgiodgheolens.he

l ens. 10010]. Figure 4 is a side view. (001 1] Figure 5
10010 5 anfgﬁﬂeﬂﬂ%ﬂﬁ“FUGTﬁj Figure 6 is a cross-sectiona

Vi ew n f Figure 2. [0013] Figure 7 is a
l00]”pers Eigﬂgglé,gﬁpgymwﬁe back or posterior side of the

[0012] | ens. HRESERIiETICMNsectitna CRRERFVRGE] AN HiB6E4
Turnlng now to the drawings, Figure 1 is a perspective
[0013] vi ew dfigurkd ipresepectiensied®fitebanki argoaterionsidb @diyhedens.
plate 12 and optic 14 The bod 12 |ncludes hapti cs
15. The boRESERIBAIONAN PREFERBEDS MBI | cone or
ot her .suitable f
100141 5, o° o AT HE OB mﬁgﬂrwgﬁaﬁ%ﬁrié ‘5ﬁé’eﬁIfS"theerY‘BWe?)Pheo?rese“t tens

10 incledih gt 1eliseosely i pidte tb@andppii€ 144 Thébed gt e apdudayhapdcO1f The body

mm.l ong in the radi al d|r ctiOn nd 0.1 nmthi SO as
12 and PB“%Z‘% gFﬁ %%S?‘F OEF‘S’S?%E Aot ‘Efu %wahfi&ﬁwwe “?Lazieréfﬂp%g‘?"t‘@& Straps 16 are
providddbiR€erSthe 3Ry 12Rind @he BEHPHREY of b@EPdinARtdr b€ theLhRidBY The straps
have a conti nuous skirt surroundnwg the optic and

may beCh Ae d Hgintthe rasialidirecion prd P damyBisk. sopdo 6ptentialiycreate an
plstontcﬁbﬁtz’c @hlsﬁ?&ﬁ{bdr@)’tﬁe @trﬁlﬁsanfﬁ ffgf aﬁ’cfth@r iRriidn AEYOIsGRhy have a

he overall |ens on the short side )
continuous skirt surrounding the optic and connecting the optic to the lens body. The optic 14

typically can have a diameter of 4.5 mm, a typical width of the overall lens 10 on the short side
1s 6.1 mm and the typical length from end to end (not including fixation fingers) on the long

side is 10.5 mm.

[0015) 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 includes fixation loops
24 of polymide or similar material. A typical outer loop-to-loop length is 11.5 mm. The
thickened ends 20 fully engulf 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 after the cafaract has been removed. This may serve to reduce

capsular opacification and contraction.

[0016] The straps 16 function as a pseudo-zonular complex, allowing the optic to move
anteriorly and posteriorly. The approximately 0.7 mm wide straps are a point of relative

weakness in the plane of the lens body 12 encircling the optic 14, thereby allowing the entire
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iIs 6.1 nmand the typical length fromend to end (not

including fixation fingers) on the long side is 10.5
woo7f0@015] The body 12 and optic 14, as wel | BST/U8108T/004436

t hi ckened footplate ends 20, are forned of silicone or

ot her suitable flexible naterial The | ens 10 also

optic 14, R R PR forBRier 35T 55 81,7 Po¥ PUBpRLicht N 3 Eoplptgna
forwardiovdiient K faRGe tNelthadCed by k%p&@ﬂhh imdshef thexaitican to a
Ioogs 24 in the sil.icon thys to i de

. a stron
minimygR £F e BeRBFIE™: FEF BORER AN HRGPEY 7 bassk e chiict P g other features

of the 1&M4N G4t} tRin 4 RaseANIBA mqlr@rtﬁ@%gﬁfantabsnme%en sdfeYrior lenses,
al so serve to el evate the anterior gﬁgle of the

the presgnhiens insiedvearedeiomenhle ﬁéldomtl%mawagfaﬂ tyengposieripgy through a
weak ar%@R%‘)l i el bﬁ[e &J'Wocﬁiaitzar geg P8 p%@aﬁtm\éﬁ% ofitRk $odHY2 hinging

serve to reduce capsu ar paci |cat|on and
the haptient ¥ dorthemfacijicoa nﬁavemhaet i tha petid ovitly pidiaiomuage aontractlon

pseudo- zonul ar ¢ allomnn the optic to no
[0017] ant er i¥919° fafﬁﬁuﬁoag? lrl%ﬁfveyprem RSP BGOmEPRriafe f ¢ At fhp optic 14

can be Y AANSIE ARG cHfiBrudtdAOl ik a%wér&imﬂbxh\éﬁér YRakREeSisudl) bulleinto any lens.
pl ane of the |lens body 12 encircling the optic 14,

The Surf%mdérkg/plarq Ghpiséerebly imade ebphighers atnéaﬁiefﬂlrrpmeéer material, similar

to the e&%ﬁ’i@sr Fhe( ATuEniQr Iv%)icl‘r {sqmrdn{léte; g%), pﬂ]%tcﬁﬂ'tlcolrtl PR it 'nQ{]requlred to
in a translatlonal forward novenent. This feature is

contr 1b@t]q:ﬁg|t]l@eesjrqyyurkle3§§q1h@/ Qiﬁée hars engf thp|f¢éorgpttl1p optia 1dgap be extremely
soft. T{AdYif; g rx??x%cagcl eg%%ng iy thd B%I’?dl r r d o&ﬂ&é}oﬁﬁ}f% optic 14 with

oost ect of the other
accomlﬁaaddwm wllhland@cemqwﬂ -chahge dllsamayushilig thé bemghg afithe optic to be
rese

accentuaﬁe\%iol i feg%uag #3 ‘%ﬁﬁﬁ[ gnhagﬁ?cggg%{ealrgal%% tgxa B n\{: é(ﬁyo?‘ rg/smce a thinner
optic walhteqibsives than laythickroptigoaryegikeralcedl dffb)ceiapplib® Ahakemple range

.or, bod 2. Hinges,k 18 the anterior,.side of the
of optic) it G ko s G APHL0 T8 i 6 R T b AsRch gD Bpt0 f0 33. A
typical 8bmhite iPptetoMiht: fbp@lb'o&'@fd’pr@b&@h&lsfwm ﬂﬁ@tér@ Bad @®h ek a thickness
Anot her feature aIIOMAng t he sent | ens

of 0.73 mup o iirtichrararsopntie A hé @qudcealllFfd%ﬁ Zsélwﬁbb%qh@@ﬁ%ﬁ of 0.88

mm, angmwémtﬁds%wo@slrgw durometer than previously
built into any |lens. The surrounding plate 12

10018] pr ef erﬁablSmnsdmnﬂaer@bna 1hiagHevith stealnded el gdithizimeésrof 0.1 to 0.2 mm

for exafigie 1 HeuPrRUIPBToRLF o TREGISE: coh by iperEesep ] gl accentuate

this fcah&a ld{/érﬁ‘ﬂlrth@r CTR¢ FdcltHag thi® ofgth@1$tsr Sieirbétakalsy Aadréd 16 @E plate 12 in
the lens and, therefore, the optic 14 can be extrenely

all merigins bY| the SHERABMET oY RN ARTERS it ey KetperArcalg symmetrical,

meaninB 8PRéGi1 96wgﬁéﬂhh|§8tak epp&kd b 8stPhdtle chdn¥¥stfBund in some other lenses.
acconnodati on w i nduce power change. This nma

Optic flexurs 1§ 2ingW 306 IORKY Hy egtoadjghegpmiepoR.@ng ginwanted oyptlcal distortion

may be encountered resulting in poor vision either at near or far distances, in which case the

durometer of the material will need to be raised.

10019] The present lens can be easily foldable with forceps or an injector. A pre-

loaded system is preferable.

[0020] An additional feature is the incorporation of a ridge or ridges 40 on the back
surface (posterior side) of the plate 12 and/or haptic arm as the case may be as 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 ridge traversing the plate



accentuated. This feature is further enhanced by

mai ntaining the optic very thin since a thinner optic
waowdoz/ofsamdl nore than a thick optic for any gi VRCT/U82001/004436

of force applied. An exanple range of optic 14 center

thicknesses is about 0.38 mmto 1.07 mmfor a diopter

of 10 to 33. Atypical co n di opter of.the ‘
sdjacen 7 g GticeHaps, LesAtop i Fes S ET SpPare ShaHPeion g ens
epithelial ENsGKIRERS afta Yahihdl tnabxaeéoxaopzmm ip$dd ) 1en%&ethmca4151ramaucany
noted earlier in a 22 diopter has thlikness of 0,8

reduce the, ingidencs qfespsularconiraetiong ]ép@ghﬁ*ﬁeqso@ Idp g_r\eylerged“ﬁpm migrating
under tigh ?11'3?4 &1d lﬁﬂiéiréo ddta %‘Bijoﬁ@ dRtdchfduaithepder, bl sQﬂﬁﬁm%Seﬁig@fof the

.2 mmfor exanple can be provided. The index
loops, rdate rhefm@scatnddhe savrrpedgheltbasetic Sieher Rrajegijagpinst cells migrating in
ﬁbnlmg%ﬁﬁggyg¥§’%%|5 feature even further. The fact that

is symetrically tethered to the plate
(0021112 in whne AR EinBbanSeR Y £ e redchaRvehioh ﬂ@mntdnawnmﬁwescribed
changes  in the curvature are also symmetrical, neaning
Vdnousgﬁﬁtg%icél&rnsrmmpe B4R g\@t gt %mggg&jfr?xg the g(pwfltlae present invention,
and all SRANYSEi AU, Al SRR GfidSle 1h@R8&BIo YRldverddl exure is a
new and poorly understood phenonmenon, and unwanted
optical distortion may be encountered resulting in
poor vision either at near or far distances, in which
case the duroneter of the material will need to be
rai sed. [0019] The present |ens can be easily fol dable
with forceps or an injector. A pre |oaded systemis
preferable. [0020] An additional feature is the
i ncorporation of a ridge or ridges 40 on the back
surface (posterior side) of the plate 12 and/or haptic
armas the case may be as seen in Figs. 3 and 7. These
ridges traverse the plate and conpletely encircle the
optic around the perineter of the |lens body. There is
an additional ridge central to the first ridge
traversing the plateadjacent to the optic straps. The
pur pose of these ridges is to prevent proliferation of
lens epithelial cells into the area behind the plate
or optic. For plate lenses this can dramatically
reduce the incidence of capsular contraction.
Epithelial cells will be prevented from mgrating
under the plate and undergoing a fibrotic contraction.
Furthernore, the square edge of the |oops, plate
hapti cs and the square edge of the optic further
protect against cells mgrating in fromthe sides of
the plate. [0021 ] Wile an enbodi nent of the present
i nvention as been shown and descri bed,



various nodifications may be made w t hout departing

fromthe scope of the present invention, and all such
wore@i7098123 | ons and equi val ents are intended toP@EUS2007/004436

covered. WHAT IS CLAIMED I S: 1. An accommopdati ng

i ntraocul ar lens conprising a flexible body, and a

fl.exi ic mounted to and surrounded by the body
“”iAng%g“gbﬁﬁ ture allowing the lens optic to nove

gnt/ﬁr%cg&ln}ﬁcﬁfagn %Ft}a%rcbﬁ'f V&V{S cgllngh'si\ﬁgr of fexiig bloag}sar{aoéjﬂemble optic

ens as 1 n aim1 elsapural
mountegdfto gnd apsmtmétsdvleemhet hedyboyly sawduspljosvingtheAeneepficls mﬁve

anteriory %H{nc stélyh [yere tﬂreﬁgﬁ{lée%}fggg%ikl rt surrounds the optic

4. Alens as in Cam

3 fauh sg m' @FéhH dl WherkROMEreaX b Nh i JiiselpObtRices Rtksb iy and
the body. 5. Alens as in Caiml wherein a posterior

optic. side of the body includes ridges. 6. An accommpdati ng

ntr ocul ar rising. a flexib
SR & Bl FBR S bafuTain R BufrgMiRinRPeuS pgmecting it o
umlmmun@ybody by a plurallty of thin flexible straps
di sposed between the optic and the body, the straps
BeitnignappimoXlammtlefuyther BicindinDlegps extiendihg fepm outer ends of the body.

ly.0.1 hi ck d | | udi
3 Bsh%éég%%ed i wﬂéﬂe%bééo%fr?%ﬂfieﬁqraee B riicen e
g %{n a%fc:{)ﬁlmodeag?l% rmt Ao@u%r%n@c@mgggwgd%ﬁﬁg{ P%po SanWatfgax%le optic,

I'nged port ns )
the flexdbhlb O)NMS] gelhgend,uama m)pthB (bpdy bg aplumabtynti thgx flexislelsodys dlsposcd

entr S, to nove rd nd .
berweoh e gEHarab P (b 1 TG PETG -5 DRa MR gacialy and
approxnﬁldtapiﬁ) Bfinh thi€lt, ainttle WA irRlwdidd e plutitebf Eratowfodpbattached to ends

et gtlcs i ncl ude | oops to securely fixate and center
° VWtPH lens. 9. Alens as in Caim6 wherein the optic is

Z Or}‘}sfegg% %dC a?m%mh fid) Aeé/ ha) ?&:9 (it %Egl%gltmxﬂfﬂ o' %L,g r11301't10n

raction, ar vi sion. ens a
within tﬁleammbﬁndmdﬂnmmg tHedexhseqs;slcbasiyurh@mdamg bm'; bodppm]t ecitradhsthe
eri,or fro the

hinges. |G RaRG Y RET BBy CrEATERY § SR RMETFOP CHEed

BOVE1hOLENPE thiiRPRhEleld AeYubdSEhE o £ARHAAGL 19@1-ude loops to securely
fixate and center the lens.

9. A lens as in Claim 6 wherein the optic is constructed to optically deform, with
ciliary muscle contraction, to enhance near vision.

10. A lens as in Claim 6 wherein the lens body has anterior projections to separate the

anterior human lens capsule from the lens body, thereby creating a space for the optic to move

foreward upon ciliary muscle contraction.



