ACCOVMODATI NG | NTRAOCCULAR LENS TECHNI CAL FI ELD OF THE | NVENTI ON The present
I nvention relates generally to the human eye and nore particularly to

i nt raoculwo 2benmee®e( 10Ls) . BACKGROUND OF THE | NVENTI ON Phe/usaemnciye in its
sinplest terns functions to provide vision by transmtting light through a
clear outer portion called the cornea, and focusing the imge by way of a
|l ens onto a retina. ThAQLAMMODATINGAINTRAGECULARAJENBepends on many
factors including the size and shape of the eye, and the transparency of
the cornea and | ens. Age and/or disease often cause the lens to becone |ess

t ranspar emECHNIGAL FIBLDIOETHE INWENTFSORecause of the di m ni shed |ight
which can be transmtted to the retina. This deficiency in the |ens of the

eye is medical '%&B%n@%@rﬁi@@?ﬁeﬁgslg@he%%ﬂi g%i‘ hhﬁ%{rﬂ%?% fefrﬁ]n{&és

condition is surgical renova ens a acenent e lens

function . |OLs are the artificial |enses that
repl ace t%érﬂé{;}éérgloﬁgbﬁég+ﬁ$€|§§8é%gbi%)s renmoved during cataract surgery. For
many years nost | OLs were nade of poly (nethyl nethacrylate), a nmateri al
with géod optical characteristics and conpatibility with the tissues of the
eye. A disadvantage of PMVA is, however, that it is a very rigid materi al
and the i BAGKGROWND GF T dNVENJdOBhough for inplantation of the 10L. |f
the optical properties are not correctly matched, a need for a second |IQL
is required. TiThei bumaal eylis it sinmuestf teras, fumetionsdot previgel eisomsbpf f er
vi sion at

transmitting light through a clear outer portion called the cornea, and focusing

the image by way of a lens onto a retina. The quality of the focused image

10 depends on many factors including the size and shape of the eye, and the
transparency of the cornea and lens. Age and/or 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
lens of the eye is medically known as a cataract.

15 An accepted treatment for this condition is surgical removal of the lens
and replacement of the lens function by Intraocular lenses (IOLs). 10Ls are
the artificial lenses that replace the eye's natural lens that is removed during
cataract surgery. For many years most IOLs were made of poly
(methylmethacrylate), a material with good optical characteristics and

20 compatibility with the tissues of the eye. A disadvantage of PMMA is,
however, that it is a very rigid material and the incision must be made large
enough for implantation of the IOL. If the optical properties are not correctly
matched, a need for a second IOL is required.

Traditional I0OLs are monofocal, meaning these lenses offer vision at

25 one distance only (far, intermediate or near). Traditional IOLs offer an



one distance only (far, intermediate or near). Traditional 1OLs offer

ani nprovenent over the cataractous lens that is replaced during surgery,
whi ch provodew/masisg cl oudy, blurred vision at any di st amrce/usBuww/otoeaai ti onal
| OLs nean that the patient nust wear eyegl asses or contact |enses in order
to read, use a conputer or view objects at the unsel ected di stance. There
is still ampemeniant over thé catdractods dercothab dateplacddXtsrindatrgefry,ewhiche
patient the possibility of seeing well at nore than one distance, w thout

gl asses ompre@aéaehky. cISUAVINRréd vitidn atNAyNTisENcENBatiragifibAaldDLishRelh esent

i nvention provide an inproved ocular inplant. This ocular inplant includes

an accomﬂstghg%@ﬁi%hfc ARG War R8It EL br 8BHiaR IS in bR led, lugge

accommodat i n s all q suspende ween two optica

transparent plat r . enbr S form re lens that..p opti cal
ener gy. Tﬁec‘ﬁﬁﬁvﬁ%iQ?ﬁ%%%%ﬂ’ﬂ%%%;“@%&ﬁﬁs'e?ﬁﬁ%is#ﬁ%- iﬁh%led'g%’t'l"oaaﬁ%gﬁt I on and
secure the IOL within the eye. The |COL achi eves accaommodati on hy using the
eye's €il ﬁfarrWHE”%@W@%CMW%@%M%%%  dhePatight %ﬁemsqtu?(tu.o?me
liquid may have a high surface tension and be surrounded by phobic Iiquid.
Pressure fseemgtwell ai mose tharuere distanags mithputiglasses pecenrtaets. f r om or
withdrawn to a reservoir. Increasing/decreasing the internal pressure of
the liquid changes the angle (curvature) of the surface, thus changing the
optical properties of the lens. Wen the pressure is released the liquid

returns t GUMMAFS S PHE INVENTMONE system may be sealed off fromthe
Interior O0f The eye by a nenbrane/transparent |ens. The ocular inplant is

S, AR M B B g s

bag of an eye. I nclu

10 implant. This ocular implant includes an accommodating intraocular lens
(IOL) and a number of haptics. The accommodating IOL includes a liquid
suspended between two optically transparent plates or membranes to form a
pressure lens that passes optical energy. The haptics mechanically couple to
the IOL in order to position and secure the |OL within the eye. The IOL

15 achieves accommodation by using the eye’s ciliary muscles to vary the
surface curvature of the liquid. The liquid may have a high surface tension
and be surrounded by phobic liquid. Pressure from the ciliary muscles causes
fluid to be added from or withdrawn to a reservoir. Increasing/decreasing the
internal pressure of the liquid changes the angle (curvature) of the surface,

20 thus changing the optical properties of the lens. When the pressure is
released the liquid returns to the reservoir. The whole system may be sealed
off from the interior of the eye by a membrane/transparent lens.

The ocular implant is operable to be implanted within a reduced sized
incision of the capsular bag of an eye. This IOL includes a foldable optic and

25 a number of haptics coupled to the optic. In one embodiment the haptics are



a nunber of haptics coupled to the optic. In one enbodi nent the haptics
arenul ti hinged while anot her enbodi nent allows the haptics to be placed at
an angl e wo 2tve4pioane of the optic. The haptics flex whiPCe/us2emvmsEwdNg
buckl ing and vaulting of the ICL in order to position and secure the QL
within the eye. The I1OL provided is nmade froma foldable optic. This allows
the |1 OL t onblé Himgednhéd anotterrerabodicherd éllows dbe inaptiss dm beThlacddipt Bos
coupled to the 1OL position the IOL within the capsular bag of an eye. The
haptics mynghetometlahe BYREG o@tw.em@ﬂaﬁﬁc@ﬂe@wah@nﬁiﬁinﬁking;q)adknﬁ@an@ptI c, or
conbi nati on of the two. The optic may have an edge of |ess than about 0.15
mllineter | ; i Nt ovigdes a met hod
to corr eCtv%yﬁ@@\%fgﬁ%“6%&?@%@%&#%@%%@{%_tl'léml?%errt@m]g{g L%'()}rﬁasol ves
renoval of a natur | ens, from an e. _An | is.inserted dyrin n
incision in th%@é@upﬁv'%'sd?a?%g’%@@édﬂ?% %@tifss igs BWiSE{]%II@!‘E%?he | OL
can accommodat e both near and far _vision, This is acconplished using a
pressuPe |BEnERiapied;within Aaedsiced sized ingisionneThe haglics peudpipddo dhe Gk eye.
The haptics nmechanically couple to the ICL in order to position and secure
the 1 OL wipositiontthe 1&}.ewittiinitbe cagsualar bggof e eyee phedwptics maynbe omultii | |
becone nore apparent to one skilled in the art upon readi ng and
under st andiinged, eiededchiat ad aefie reptive o dhe tdptic poetembathtiomboeidineetncs
described herein with reference to the foll ow ng draw ngs. BRI EF DESCRI PTI ON
OF THE DRAVENGBicTBy RalBich SRIPLBESs HHFFASE AT Henifindtd@. present invention
and the advantages thereof, reference is now made to the follow ng
description ta ' ' i .0 | ' ' iy B, Whi ch

b 5 §@1’B}o§§ﬁéﬂétt §f }f}?{g@%ﬂﬁ%ﬁmﬁ%m% 3"hi8ifod o

| i ke reference nunera I'c eatures and

10 correct the visual impairment of an aphakia. This method involves removal of
a natural lens from an eye. An IOL is inserted during an incision in the
capsular bag of the eye. As discussed previously, the IOL can accommodate
both near and far vision. This is accomplished using a pressure lens that
interfaces the IOL to the ciliary muscles of the eye. The haptics mechanically

15 couple to the IOL in order to position and secure the I0OL within the eye.
Other advantages of the present invention 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.



FIG 1 illustrates the anatony of the eye in which an IOL in accordance
with enbodi nents of the present invention nay be inplanted; FIG 2 depicts
an | OL i wecoovdaayee Wit h enbodi nents of the present i neemuseony/obie@s. 3A
and 3B provides a top down view and a cross section of IOL in accordance
w th enbodi nents of the present invention; FIGs. 4A and 4B provide a top
down vi ew BRIGEFADESCRIPT¢ON OR THE DRAVWINGSCor dance wi th enbodi nents of the
present invention; FIGs. 5A and 5B provide a top down view and a cross

section of |CL FAgy AGSHedGEABIcHS tu*ﬂdéfﬁé?ﬂiﬁ?@? thbrédtntRheSn hAYQAEi on;
FI Gs. 6A and 6B provide a cross section of 10OL that depicts how the | OL may

adj ust usi 0, 4 Lary. ' : > \\

enbodi meni e 3 ARs Fisch Pefafs hBWmAHE 1o ¥e IARRTUERRARM ken

| OL that depicts how the 1O may adjust usin ressure, to adjust fluid
bressure Wi FRioRSEN ot oS SEeriiAmiog “FAMhdE, FaaHbENff telfisabrent s o
the present invention; FIG 8 provides a logic flow diagramof a nethod to
correct de”Wr§l§deiCﬁfﬁa"‘?Qrf9@[tl§e§l?@ﬁ whergihaki a of the eye in accordance

wi th enmbodi nents of the present invention; andFIG 9 provides a logic flow
di agram of a m#tlGod iliustistés theaanatGmyusfdbe @yprie sducheah ¢0k in @acaerdangedat e f or
near and far distance in accordance with enbodi nents of the present

i nventi On-wi!PEé’rﬁbbEB\é?E\SGRH%TF@e%inVéEidMHEWBéJ)h;Eham‘eelljred enbodi ment s of
the present invention are illustrated in the

FIG. 2 depicts an |OL in accordance with embodiments of the present

invention;
10 FIGs. 3A and 3B provides a top down view and a cross section of IOL
in accordance with embodiments of the present invention;
FIGs. 4A and 4B provide a top down view and a cross section of IOL in
accordance with embodiments of the present invention;
FIGs. 5A and 5B provide a top down view and a cross section of IOL in
15 accordance with embodiments of the present invention;
FIGs. 6A and 6B provide a cross section of IOL that depicts how the
IOL may adjust using pressure from the ciliary muscles in accordance with
embodiments of the present invention;
FIG. 7 provides a cross section of IOL that depicts how the IOL may
20  adjust using pressure to adjust fluid pressure within the 10L to shape the IOL
in accordance with embodiments of the present invention;
FIG. 8 provides a logic flow diagram of a method to correct for visual
impairments such as aphakia of the eye in accordance with embodiments of

the present invention; and



FIGs., like nunerals being used to refer to |ike and correspondi ng parts of
the various drawi ngs. An inproved design for an ocular inplant is provided
by enbodiwenbr/mb29she present invention. This ocul ar i mpcanis2emmbesdes an
accomodating intraocular lens (ICOL) and a nunber of haptics. The
accommodating I CL includes a liquid suspended between two optically

transparent pl #6s 9qrovidebralogi fidwe diagram ¢f@A-npdlbse in apidhcah |Ghesgy. The
haptics mechanically couple to the ICL in order to position and secure the

| OL Wi thi n bfaRs@ilend HE abEbmATH Y 86 RESHURPRRistaN&Y inaédtBdamse fMR’ S

ciliary nmuscles to vary the surface curvature of an anmount (e.g., a drop)
of the li%%tgpdir]é%ﬁté bﬁ%%r@éénﬁn\'ﬁérﬂ{&n$“”ace tension and is surrounded by
phobi c |iquid. Pressure fromthe CilTary nuscles causes fluid froma
reservoir to be added to or withdrawn fromthe drop. Increasing/decreasing
the size of the drop changes the angle of the surface, thus changing the

i ndex of refraction. Wien the pressure is released, the liquid returns into
t he re8er \RETAILERLDEQGRIPIIONOF Bl INVENIdON t 0 i ncrease the stability of
t he suspended drop. The surrounding liquid can flow into and out of a
second r eser voiRrefesredhembiodimehtsiraithet presentebyedtion adedllestcaded iim théze. The
whol e system can be sealed off fromthe interior of the eye by a

menbr ane/ tAIG8S Mké Suimdralsheihg iset So réfer talike ane c@fre@pbndliﬁggpaﬂ@ afahé e
senses. Wthout our vision, everyday tasks like driving and readi ng books
woul d be ivggﬁggngvﬁ g&ur eyes are conpl ex machines that deliver a clear

pi cture of the wor 8 around us - conmuni cating the sinplest of colors,

shapes and Xt Bvpib el fof 3y G4 Wi 908l o) emBABimdHig A ch

the inproved d

10 of the present invention. This ocular implant includes an accommodating
intraocular lens (IOL) and a number of haptics. The accommodating IOL
includes a liquid suspended between two optically transparent plates or
membranes where the IOL passes optical energy. The haptics mechanically
couple to the IOL in order to position and secure the |IOL within the eye. The

15 IOL achieves accommodation by using the eye’s ciliary muscles to vary the
surface curvature of an amount (e.g., a drop) of the liquid. The liquid has a
high surface tension and is surrounded by phobic liquid. Pressure from the
ciliary muscles causes fluid from a reservoir to be added to or withdrawn from
the drop. Increasing/decreasing the size of the drop changes the angle of the

20  surface, thus changing the index of refraction. When the pressure is released,
the liquid returns into the reservoir. The surrounding liquid is used to increase
the stability of the suspended drop. The surrounding liquid can flow into and
out of a second reservoir as the liquid droplet increased or decreased in size.
The whole system can be sealed off from the interior of the eye by a

25 membrane/transparent lens.



provi ded by the present invention may be placed. Eye 100 incl udes cornea
102, iris 104, pupil 106, lens 108, |ens capsule 110, zonules, ciliary body
120, scl ewa 20bA45206t r eous gel 114, retina 116, macul a, &OW USROG ve 120.
Cornea 102 is a clear, done-shaped structure on the surface of the eye acts
as a window, letting light into the eye. Iris 104 is the colored part of
t he eye, call edSightisi, bysfar,i snel ofnete InvostwalwabidisenseseWithoiut odunaisisoel axes
and contracts to control the anount of light entering the eye. Pupil 106 is

the round,eveppidilasRe Akeé Agivitlg él’ﬂﬁréafmﬁg bb8KS Wbl bé ihPBssibleu Guieesnsi de
the eye that, in conbination wth the cornea, operates to focus I'ight on

the retina, eL€dFﬁ F?ﬁét&r‘ﬁn%éui’hét\slwaétﬂlef'aaélteb? pRAGre! BRthe WerkiCABuhBd ENS:

hel ping to contr Iens ocuse on objects at di fferent
di stances. Zonul es..are sl ende mant t hat ch th e sule to
the fne decoatmyﬂ'&aw%?h%am?‘ﬁat o BIpns nerad G B JuSBRES < ¢ he
muscul ar area attached to the | ens that contracts and rel axes to control
the size dhetanatprysof Hie eye st yhickcthe dmprovedsdesign il gsulaguidiaiist | ayer
of the eye that mmintains the shape of the eye. Vitreous gel 114 is the

| ar ge, gelprovided dysthet presenthinvention oaayt be placet. dEyeht0bachudss cdreeayebal |,
and which helps to nmaintain the curvature of the eye. Retina 116 is a

| i ght - sensi02 s @4, rupilay0s, lérs 108, |ba§kag§uléhaoezentubgt ciliggeotss120,ght  and
converts it into signals to send to the brain. The nacula is the area in

theback ofscldig 19gevitleds Gy 4 Netihd o6l ﬁ{a%ufap ran%%ti&%éﬁ@ﬂﬁ@et@drhea Optic

nerve 118 connectS and transnits signafs fromthe eye to the brain. Gliary

2007y WP ¥ A Ll ROt e S ER5
I nsi d?ot h%wﬁ S bI\éttlng IIQ%??HO%F]efergerII’SIS Jlﬁ is l\l%ucrxlalgpe part o?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, in combination with the
cornea, operates to focus light on the retina. Lens capsule 110 is an elastic
15 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 body is the muscular area attached to the lens that contracts and
relaxes to control the size of the lens for focusing. Sclera 112 is the tough,
20  outermost layer of the eye that maintains the shape of the eye. Vitreous gel
114 is the large, gel-filled section that is located towards the back of the
eyeball, and which helps to maintain the curvature of the eye. Retina 116 is a
light-sensitive nerve layer in the back of the eye that receives light and

converts it into signals to send to the brain. The macula is the area in the



ciliary body 122 cones from bl ood vessels which also supply the iris 104.
One function of ciliary body 122 is to control accommodati on by changi ng

t he shapewof2otinasisens 108. When the ciliary body 122 comCraskes/osdseo zonul es
124 relax. This allows the lens 108 to thicken, increasing the eye's
ability to focus up close. Wen | ooking at a distant object, ciliary body
122 r el axdmckadise pye tHet mltajhesuridiénsdorcsnﬁimgiﬁne débedl. | EticiEBve 48 becones
thinner, adjusting the eye's focus for distance vision. Enbodi nents of the

present i raoaRkERMAY PandIRitaBightls frdtatthe 896 té firsBrdininctions of the ciliary
body to control accommodati on of the I OL by changing the shape of the ICQL

by changi ng t heyi TRELE Bonfa! i o4 AdaBFed % henShar! O, 2
Yy 38% g

depicts an 1 QL an arti |C|a | ens he eye to
restore vi,Sjion ter ural ns has, be n rerm ed The need r.the QL
o e aubty 102 e, DS balifR owiES 2R fe 240¢ LBAS 108 ifmy be

convex on both sides ébl convex and nade of a soft pI astic, such as the
AcrysoP mSuUgPeRFeqaRidedhare e by thecgpnulahdbgionPds Nausishmestt fesrthevor t h,
Texas, that can be folded prior to insertion, allow ng placenment through an

i nci si on sit@ry bpdy n2a comesofperindlooc nesssals whidhralse supplyAhe diis 404 Jooal
I nsertion into the eye, the lens gently unfolds to restore vision. The

suppor t i ndurctivh bhajiang Hod022prietodeoritar guocopanogaisort ibgntinangifig tthe 1 OL
within the eye.1OL 200 may be positioned in the posterior chanber of the

eye, repl aghpd dflice UG8, VoRen thEtifaRasddy P20 8bh@Héts) fﬂe z&ﬁné@m@r rect

the visual inpairment of aphakia (absence of the natural lens). ICL 200 may

have a bi ¢oayexabLjisind B 1dns Eflidi8n n%}’é S9pff fohfo% focus.
n a e anﬁ"%l sta §P ?

| OL 200 can provi de goo ear, 1 nternedi ce vision w

| ner e%ed up close. When looking at a distant object, ciliary body 122 relaxes, causing

the zonules 124 to contract. The lens 108 then becomes thinner, adjusting
the eye's focus for distance vision. Embodiments of the present invention
provide an IOL that uses these functions of the ciliary body to control
accommodation of the IOL by changing the shape of the IOL by changing the

15 internal pressure of a fluid within the IOL lens.
FIG. 2 depicts an IOL 200. I10L 200 is an artificial lens implanted in the
eye to restore vision after a natural lens has been removed. The need for the
IOL may be due to cataract, disease or accidents. The lens of the IOL may
be convex on both sides (biconvex) and made of a soft plastic, such as the
20 Acrysof material manufactured by Alcon Laboratories, Inc., of Fort Worth,
Texas, that can be folded prior to insertion, allowing placement through an
incision smaller than the optic diameter of the lens. After surgical insertion
into the eye, the lens gently unfolds to restore vision. The supporting arms

(haptics) 202 provide for proper positioning of the IOL within the eye.



I ndependence from gl asses in patients who have undergone cataract surgery.

| L 200 can deliver quality vision for various |ighting situations. The
central paotoom42B4 may be a pressure | ens whose shape may/useoooharsged by
using the ciliary nuscles to adjust the accommodati on of the |ens. Thus,

| OL 200 can accommodat e both near and di stant focal points. FIGs. 3A and 3B
provi de a top dOWn200emagnbe apaesiticreeds érctthenpostetiGl cBdnber af dbe deyece wit h
enbodi ments of the present invention. 10L 300 provided is an artificial

I ens inpl &gflgéingnt_hbh@atﬁb‘é? 1E8s. I B5iE PoRitionSaIRva{deR08 featsrradt thendsdms been
renoved. | 300 is operable to be folded and delivered into the capsul ar

bag thro“%ﬁ?irqj%@t ﬁ)é éﬁg!&g%@é%atﬁrﬂwezg raicRhby #1abbe ﬂ%&q{ave a

i npl antati o ue to cataract, sease or

accidents. .In the relaxed position the |ens of e 1O 300 b onvex on
both si de?":(oé\v%rﬂpé'f)tﬁﬁﬁﬁs %& e%?o Rrids "}ﬁ"ﬁ%ﬁq&cg?ﬂg\ of; uﬁg%ch 28 prior
to insertion, allow ng placenent through an jncision smal]er than the optic
di anet & &ANt REOVIdeH JOOsk NEAr.s iiftgineediaten d8At Aistanca yisieR Wiz inereasedns
gently unfolds to restore vision. The supporting arns (haptics) 302 provide
f or pr opeingepsindeoné fitpno plasses iropatigntaiwha havesyedengeneicataract surgenbns t o
prior 10.s that would allow for inplantation through a reduced incision

resul ted lIOLs200haan Wlieenqoalitptvisioh Ifyr saddlse ligitirgy situatiost Jtheocentidiese
prior attenpts nmerely decreased the thickness of the optic and haptics. This

created amnouisi 264 nsPbbCa PFé’Q%@IPé 1B+ whede SREpOMEAEBE dHANBH B uShgVI de

uni que features that Tesult in an optically staLI € 1OL in"the conpressed
e USRS, A B AL ! R1o20°
10 can accommodate both near and distant focal points.
FIGs. 3A and 3B provide a top down view and a cross section of |OL
300 in accordance with embodiments of the present invention. [OL 300
provided is an artificial lens implanted in the eye to restore vision after a
natural lens has been removed. IOL 300 is operable to be folded and
15 delivered into the capsular bag through a sub 2.1 mm incision and is optically
stable after implantation. The need for the IOL may be due to cataract,
disease or accidents. In the relaxed position the lens of the IOL 300 may be
convex on both sides (biconvex) and made of a soft plastic that can be folded
prior to insertion, allowing placement through an incision smaller than the
20  optic diameter of the lens. After surgical insertion into the eye, the lens gently
unfolds to restore vision. The supporting arms (haptics) 302 provide for
proper positioning of the I0OL within the eye.
Initial alterations to prior I0OLs that wouid allow for implantation through a
reduced incision resulted IOLs that were non-optically stable after implantation.

25  These prior attempts merely decreased the thickness of the optic and haptics.



about 0.15 mm (2) angul ated haptic/optic planes; (3) ensuring that any
vaulting of optic 306 will occur posteriorly (it mght be expected that the
| ens woulwtowvald/i4sion t he anterior direction because of tireTAsgéoe/06fcoa he
haptics conpared to the optic; however, the design actually creates an
unexpected, non-vaulting lens; and (4) a nmulti (double) hinged haptic

desi gn. Thigte dreatedr ea uastable ioptien dphbodients cafntheqresemtolirerenbnwhen
conpressed to 10 nmor 9 nm while maintaining acceptable force (3.0E-04 N

in the hagrbGge hﬂqu%OQe%)‘espethBPS#etsUﬁ”ﬁﬂ am bpeeangsseibier Iohamaneof the
eye, replacing the natural lens. This position allows 1O. 300 to correct

the visualg hﬁp?@éé nétaf% pg}g%é eifegﬁﬁsgcﬁ]ag/lf It{&eln%émeﬁ#ed S varibfd 300 may

have a bi con rvers qu vi'sion tor various |ighting

S|tuat|ons ht it copditions he cen tr [ ends |ight
naves si miP %%m%ya@ inpSnElrs sfiond BT telie BEbe. DB G BER o o1y
lit conditions, the surroundin rea 306 sends greater energy to distance
vi si on® HapouE - 30 omAy (De aﬂgp%&d i rapdicaniig) Blapeecd3) ensHiing tiahd@niat eri al
as optics 304 and 306. The nmaterial used to make I OL 300 may be any soft

bi oconpat ivallingeaf eonitial 3@ pdalbloscwf posierarlyf (f ought Buiexpedted thatethealessar e t he
hydrogel, silicone or acrylic nmaterials described in U S. Pat. Nos. 5,41

1, 553 (Cemvanfd \aultain. the anédr 9ditedtidantacarse of tak. angle, 36I&Aaptics
(Weinschenk, I11, et al.), 5,236,970 (Christ, et al.), 5, 141 ,507 (Parekh)

and 4, 834’03%&@'% e dPiik! ﬁoﬁﬂe@erh%ﬁe syt Sétbﬁﬂ)héféﬁeéa‘% @ﬁ@(@ chapterior

si de 312 and nay be ofany sui tablé di amet’er between 4.5 mmand 7.0 mm

e 0, PSR ST PR R SRS B S e
ont he di og : IItcln %%mﬁ)tlcalﬁ/ sounocll and stable IOL when compressed to 10 mm or 9 mm,
while maintaining acceptable force (3.0E-04 N) in the haptics.

IOL 300 may be positioned in the posterior chamber of the eye,
replacing the natural lens. This position allows IOL 300 to correct the visual
impairment of aphakia (absence of the natural lens). IOL 300 may have a

15 biconvex optic. IOL 300 delivers quality vision for various lighting situations.
In brightly lit conditions, the central portion 304 sends light waves
simultaneously to both near and distant focal points, while, in dimly lit
conditions, the surrounding area 306 sends greater energy to distance vision.

Haptics 302 may be molded in a single piece from the same material

20 as optics 304 and 306. The material used to make IOL 300 may be any soft
biocompatible material capable of being folded. Suitable materials are the
hydrogel, silicone or acrylic materials described in U.S. Pat. Nos. 5,411,553
(Gerace, et al.), 5,403,901 (Namdaran, et al.), 5,359,021 (Weinschenk, lll, et

al.), 5,236,970 (Christ, et al.), 5,141,507 (Parekh) and 4,834,750 (Gupta).

25 Optic 310 has an anterior side 314 and a posterior side 312 and may be of



and the index of refraction for the material used, but generally wll be
between 0.4 mmand 1.5 mm Further, the range of optic thickness will vary
dependi ngworeotoasmbi | ity of the ciliary muscles to exer PCcan$2000/06060pr essur e
within the optic as will be discussed with reference to FIGs. 6A, 6B and 7
. 1OL 300 provides for a greater dianeter of optic 310 while m nimzing the
si ze of t kmysuitabkadiametesiwith bdtaeenes.8mhal antsZ@ thon belegy prefércedBafdmay be
nodi fied to absorb ultraviolet radiation, or any other desired radiation

wavel engt Iy 5 E%O%iﬂg%gspbré?@@éd C@pﬁ@%1@amag%§@laé gMipH&Al clévalf Thet el bow

318, second el bow 324 and distal portion 320 having w dened portion 322. In

one embodi;gRnt th%ggs g %Epg x 8‘\&!IIfJJrieraﬁlen&’Wg%rﬁthefgﬁgﬂg gﬁmb‘qeéﬁ'éd and

di stal portion orm and ween about

0.30 mm and 0, 60 en _about. ei nor e
pref er r ed AFNEHAR @Wz%agﬁmﬁg,{ﬁstmgﬁgﬁ ‘r’?eéh b”&ﬁggg’fa"ﬁ’@mﬁgﬁwg?n has a

t hi ckness that is reduced toward anterior side 312 of optic 310. Qusset 316
pr ef er Abl P-4 SMBANALA o Ut utherstheniaage of optic thicknesswillarn deRendiee about
0.25 mmand 0.35 mmthick being nore preferred and about 0.30 nm bei ng nost
pr ef er r ed.onTthesahildyof e ciiagkmeassleg ém exeltlapdaetaxpressurenvithigghg @tiof opti c
310. The relatively thin cross section of gusset 316 and edge 308 provides

a thinner aengiflibeadivhirset Qlitt3RIeichce 6 PIGEd5A BBEEH 1.he surgical incision.
The reduced thickness of gusset 316 also facilitates fluid circulation

(e.g., viscoel g5fisno B %Wfo‘?%%?édté’rrdféh%ﬁeﬁéﬂo il 330 0RhilPmisiviing 12 of
IO_300 Al ternatlvel y, gusset 316 or optic 3 y be provided wth ot her

means (SUE'E gFZ{e |2 su¥GiBaV RRisidhO AL hatdHaf L8ad T8 FNSbH 0316 may be

pr ot uber a

10 modified to absorb ultraviolet radiation, or any other desired radiation
wavelength.

Embodiments of haptics 302 can contain gusset 316, first elbow 318,
second elbow 324 and distal portion 320 having widened portion 322. In one
embodiment, the thickness of first elbow 318, second elbow 324 and distal

15 portion 320 of haptic 302 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 316, however, has a
thickness that is reduced toward anterior side 312 of optic 310. Gusset 316
preferably is between about 0.15 mm and 0.60 mm thick, with between about

20 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 308 of
optic 310. The relatively thin cross section of gusset 316 and edge 308
provides a thinner profile when IOL 300 is inserted through the surgical
incision. The reduced thickness of gusset 316 also facilitates fluid circulation

25  (e.g., viscoelastic) between posterior side 314 and anterior side 312 of IOL

10



not shown)) to facilitate fluid fl ow between posterior side 314 and
anterior side 312 of 1OL 300. The relatively long |l ength and radi us of

di stal powOi20r/@2B6pr ovi des greater contact wi th the capsultseodasgehor
better fixation when ICL 300 is inplanted in the eye. First el bow 318 and
second el bow 324 create hinges that allow haptic 302 to flex while

m ni m zi n@00udlitermredivelyd guaseit3 1800bptips 1€ nBhObe Wi aldded withrdthenmaais

i ncreases the stiffness of haptic 302 just past el bow 318, thereby

i ncr easi nqsfidie a8t KE1B! ardﬁvebambt&\eaozmaio fenektrhfié| oS brstEBeRPicBS - (affl Cs.  4A
and 4B provide a top down view and a cross sectlon of 1OL 400 in accordance

w th enbo f t in FIGs.
3A and 36, Tanernd tan%&'c't%*n Q.ﬁ‘ﬁ kPGNP & 4 B 8o Ton 420
havi ng wi e rt thIS enbodi nen are apgul ated
rel ative gsgat P@I'ai‘?g)no e[ﬁeéa Iyéongrp]@ggrﬁgqna[a{aeﬁu% tcf'ﬁt)aﬁﬁprtto%sgﬁes are
not parallel. One enmbodi nent angles these EI anes at about 2. 2.

ori ent at i ARovdes [9E_ep |ICoRtast é’\’\‘ﬁh?*&% capsilag 99\f8&|bﬁttﬁ{j f@fﬁt‘%’btwr&?rhi@-vm |1
occur posteriorly. Certain enbodinents result in a non-vaulting | ens (when
conpr essed00cisabplanted. ig. theleyemFirstradbow | 343 andl yselcond ¢lboyt 3hateatadi us of
di stal portion 420 provides greater contact with the capsul ar bag for

better fihiigesnthahatowPlaptiecdB02to fiegk avhiledninimizirey byeklingl imywddlEngrofat es a
hi nge all owing haptic 402 to flex while mnin zing buckling and vaul ting of

optic 410.opW dapegvinenéd Porrr320 H@asks thaestdiets "(b?ﬁ% aé Bbégﬁétcpafgi’z j ust

past el bow 418, thereby increasing the strength of |c 402 at a critical

fSE): esf lg’o'erﬁow“‘é‘ﬁ%f‘ttﬁ&réﬁy FhoREBAY' tReNdtrerftn tci?%a%rtﬁsﬁ‘i a't W ERMdPrtREQVI de

10 point.

FIGs. 4A and 4B provide a top down view and a cross section of IOL
400 in accordance with embodiments of the present invention similar to that
provided in FIGs. 3A and 3B. Haptics 402 contain gusset 416, elbow 418 and
distal portion 420 having widened portion 422. In this embodiment the

15 haptics are angulated relative to the plane of the optic. The angulated
haptic/optic planes are not parallel. One embodiment angles these planes at
about 2.2°. The orientation of these planes ensures that any vaulting of optic
410 will occur posteriorly. Certain embodiments result in a non-vaulting lens
(when compressed to about, e.g., 10mm).

20 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 allowing haptic 402 to flex
while minimizing buckling and vaulting of optic 410. Widened portion 422

increases the stiffness of haptic 402 just past elbow 418, thereby increasing

25 the strength of haptic 402 at a critical stress point.
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an | OL that can be fol ded and delivered into the capsul ar bag through a sub
2.1 mmincision; (2) a single-piece design that represents a significant
reduct i orworeoio@4sasel ume wi t hout sacrificing nechani cal gcahiskoowpsocand ( 3)
an | CL that can be fabricated as one piece. FIGs. 5A and 5B provides a top
down view and a cross section of an IOL 500 in accordance with enbodi nents
of the present Advaatdgesnoi embiogimantsngf thieepraseat privewtide cpronidel fes.. (13A, 3B,
4A and 4B. Haptics 502 contain gusset 516, first el bow 518, second el bow

524 and dig L 1At EarP Be Folde@ANUHBIVERENEGB tREChpSNaPBag tHrougMbsudhedi nent
the haptics are multi-hinged and angul ated relative to the plane of the

optic. Th‘?nﬁﬂﬂ{:'i's%e?%?[‘é‘g[ygﬁ-i%%%fﬂe% iRt ?3%5}&38 i&r#i iGnt rERGctRAARd! ment

angl es these planes rnie on o ese planes ensures

t hat any |ting of optic 510 will occu feriorly. taip enmpodi ments
oaul ¢ n QL o SRRt Steicmd insien@ial «8BTh Aodsh an 1oL BaC<G0RR, "The
relatively long |ength and radi us of distal portion 520 provi des greater
cont acP vvif@tPf'Cﬁ%%d 2apBaIPRCSag for better fixation when |OL 500 is inplanted
in the eye. First el bow 518 and second el bow 524 create hinges allow ng
haptic 502 to fAles. ®Aiare GBrpnovidesca bap Bbwngview dandaal arossyseétiapof an510.

W dened portion 522 increases the stiffness of haptic 502 just past first

el bow 518,0sedB00d ial ksokfahcet heitrebgmbodirmeants N®ft lige s preegit himfentiept i ¢ 502
at a critical stress point. FIGS. 6A and 6B provide a cross section of an

'|[ ﬁ]é SPPI ;'ﬁ&iéor;ﬁgr%:tiggsﬁlgﬁl‘énw&d\ﬁ&ec@w Fig¥. BR, af UK efhdusBNIHapESSYHe from

contain gusset 516, first elbow 518, second elbow 524 and distal portion 520

10 having widened portion 522. In this embodiment the haptics are multi-hinged
and angulated relative to the plane of the optic. The angulated haptic/optic
planes are not parallel. One embodiment angles these planes at about 2.2°.
The orientation of these planes ensures that any vaulting of optic 510 will occur
posteriorly.  Certain embodiments result in a non-vaulting lens (when

15 compressed to about, e.g., 10mm).

The relatively long length and radius of distal portion 520 provides
greater contact with the capsular bag for better fixation when IOL 500 is
implanted in the eye. First elbow 518 and second elbow 524 create hinges
allowing haptic 502 to flex while minimizing buckling and vaulting of optic 510.

20  Widened portion 522 increases the stiffness of haptic 502 just past first elbow
518, second elbow 524, thereby increasing the strength of haptic 502 at a
critical stress point.

FIGS. 6A and 6B provide a cross section of an IOL 600 that depicts

how the IOL 600 may be adjusted using pressure from the ciliary muscles to

25 alter the shape of the lens 612 in accordance with embodiments of the

12



alter the shape of the lens 612 in accordance w th enbodi nents of

t hepresent invention. Lens 612 includes an upper plate or nenbrane 602 and
| ower pl awe 20r0/038296r ane 604. These nenbranes shoul d be epriusad09p60600
transparent. Additionally, if aliquid with a high enough surface tension
I s used, the nenbranes can be the surface of the liquid. The lens 612 is
filled w tgresentiinuerticsucheas 642t iacludes @n upeer pigteapp membizne 62 aodl
characteristics that allow it to pass light with a desired refractive

i ndex. ReggWwEPiplate08r i mehibtdRe 260481 t MpeseNthePhbraes | shsul§1Be apphicHllly ows
ciliary nmuscles 610 to control or accommpdate the shape of the |lens 612 by

pushi ng a | Laphr dj LT Eor

exanpl e, gg&@hgﬁﬂh1nﬂg?@?“§®?'§% @ﬂgab@ﬁ?%rbﬁﬁu%@ﬁgg?gﬁgﬁg%ﬂFﬁgﬁnHgservoir
608, fluid 606,y b ulled fromthe.lens 612. causi t he rfaces or
menbr anes 569 HireseBlien Son i M oliactRE R TR HS e02us MBS s ane
wherein the ciliary nmuscles 610 push on the reservoir di aphragm causing the
fluid preddtlya liguigiiuchiasewnian or el 0aving apprepdaieRIticacharactesistics hatconvex

i nstead of concave. Qher enbodinments, instead of having an actual plate or
menbr ane, atawy itigppass lightivth a desised refeactive indexui Resemnais 68Biigishawni@aj t he
need for such a nenbrane. The pressure | ens provided by enbodi nents of the

present i riteet el af lthey Renkl 612 sns iodsdcilistyweaiscidsabd® to contbl mra hol e
to be flexed as a di aphragm pushes or pulls fluid to or fromthe |liquid

bet ween t hecphm&fate theNshilse [l e EhS 672 MyOBLSKRgaasd/es Uil bAnaof an
| OL that depicts how fluid pressure can be used to shape the I'OL in

e cor S VL skl OSSP kAR pEBpoRFERTECAN BY,,
Hauid, 708, ¢ 2iisRC AL cles B odiPSt rehdithos, fluid 606 may be pulled from the
lens 612 causing the surfaces or membranes 602 and 604 to have a concave
shape. FIG. 6B depicts the same wherein the ciliary muscles 610 push on
the reservoir diaphragm causing the fluid pressure within the lens 612 to
increase making the lens 612 convex instead of concave. Other

15 embodiments, instead of having an actual plate or membrane, may employ a
high surface tension fluid, thus eliminating the need for such a membrane.
The pressure lens provided by embodiments of the present invention allow a
fluid suspended between plates or within a hole to be flexed as a diaphragm
pushes or pulls fluid to or from the liquid between the plates or in the hole.

20 FIG. 7 provides a cross section of an IOL that depicts how fluid
pressure can be used to shape the IOL in accordance with embodiments of
the present invention. Accommodating pressure lens 700 includes an upper
plate 702, a base plate 704, a first liquid 706, a second liquid 708, a first

diaphragm 712 associated with the first liquid 706 and a second diaphragm

25 710 associated with the second liquid 708. As discussed previously, ciliary

13



di aphragm 712 associated with the first liquid 706 and a second di aphragm

710 associated with the second liquid 708. As discussed previously,

ci li arymmsolen/mamgpsexert pressure by either pushing or pariisegoososhhe

di aphragns 710 and 712. As the di aphragnms are pushed or pulled the internal
pressure of liquids 706 and 708 changes, causing the interface 714 between

the two | imuddiss hiaycoreert Pressurs byagites pushing at pukingfon éms didphragmsnt er f ace
714 between liquids 706 and 708 to change. In this nmanner, the ciliary

muscl es Lt ' houREg I8d iftehfil prosaneded at
the i ntemgﬁﬁzqgetﬁg% Eﬁghgﬁﬁ?%?ggﬁ%%baﬁuow for Ibgt h z)éar and far

vision PispiigficR 248 45 708 Sfbfiadd WABORA IR A ML MEBED | O

vi sual inpairnents such as ap erations bégin with

t he renoval of nat ur al ns froman eye in Step 8 he, 10, L ch may
bo-a mutt T9HEEaf> BPabIE onhBRaesiF B ciide 1l eBs (R ek BtEHAGEN it e oye.
The |l enses of the 1OL may be convex on both sides (bi-convex) and made of a
sof t pbastietweemiiqeigds 7&5 aad 788 torchangeo Imthds masmer THiescifianydinHgclas| ows

pl acenent through a reduced-size incision wherein the incision is snaller

t han t he opay bedusedtteradjiist (ecdoBimoddteythe prgssare lemseptavided @t dhéhe eye
in step 804, the 10OL may gently unfold to restore vision. In Step 806, the

I OL i's poshteifase®12mdheesn tiasitwe fiduias tdallew for bdth hea@unbdadgigion th the use
of supporting arns (haptics) to provide for proper positioning of the QL

wi thin the eyerEmRosHIRRES Rgid ABwWPAIBgRM dJf B BIEHAY taRBrieLefS iEudiOSi ti on
cﬂ‘ th ac a

the 1OL in posterior chamber e eye torep e the natur l'ens as
shoun L hSughenSieR R SRR bEIE . Pl Bho pehi ool L rorts
' a%o removal of a natural lens from an eye in Step 802. The I0L, which may be a
multi-focal or accommodating IOL, may then be inserted within the eye. The
lenses of the |IOL may be convex on both sides (bi-convex) and made of a
soft plastic that can be folded prior to insertion. This folding allows placement
through a reduced-size incision wherein the incision is smaller than the optic
15 diameter of the IOL. After surgical insertion into the eye in step 804, the IOL
may gently unfold to restore vision. In Step 806, the IOL is positioned and
secured within the eye. This may be done with the use of supporting arms
(haptics) to provide for proper positioning of the IOL within the eye.
Embodiments of the present invention may place or position the IOL in
20  posterior chamber of the eye to replace the natural lens as shown in FIG. 1.
This position allows the IOL to correct visual impairments such as the
absence of a natural lens. The lens itself may be a multi-focal IOL as
discussed previously. This can provide patients good near, intermediate and

distance vision, and thus provide independence from spectacles following

25  surgery to remove their natural lens.
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di scussed previously. This can provide patients good near, internmedi ate and
di stance vision, and thus provide i ndependence from spectacles follow ng
surgery twonemosdshei r natural lens. FIG 9 provides a lpogius2doomoencdé agr am
of a nmethod in which an 1 OL uses a pressure lens to accomnmodate to provide
near and far vision in accordance with enbodi nents of the present

i nvention. OpeRGi 0Nsodides keloglt fidw diagram df@-niwtisod dewhidiipamiOedises t he
eye, wherein the OL may have been placed within the capsul ar bag of the

eye. The lfbrcR88rd [eAYtE atBSPMEIS td PASviddh8AT 36¢ far Visioh§ agbbidahye body of
the eye in Step 902. The interface nmade in Step 902 allows the ciliary

bodi es to j.nc . e S ' nal ' Of I qui ds
wthin tneifcFBRBuRens B8 Grens IRESR. Restafons BB atrine,
nmuscl es i t e 04. Thjs,change in pressure r lts in the deformtion of
The sur t ad@LATa RS imjalantseh Tefte, eHpevratais e faf hay Ve dfestt BFRY
curvature or optical properties of the |lens. By increasing or decreasing

t he i nber vgthin |the deansedyubag ehéhe @yemayThe dOnbaat kauid resenairs Bwth near
and far distance vision. Accommobdating | OLs can be generally grouped into
t hree cl asstesfacé Withdiheaciliarysatyl ef thetéye (N Stap 80R.r dhgenterthcenmgdedoal i ty) ;
(2) dynamc multioptic (sizing and long termreliability issues); and (3)

shape chargiep@02pdliows fRPelbE Bodiekitodncredisbady gecleatanne iheens flligues) .
The interaction of shape-changing 10O.s with the |l ens capsule and ciliary

body is ofy§ é%‘ftﬂé‘ﬁ&ﬂﬁwth |id[EB£s°eéP@r¥ 5O H %tmﬁoﬁ@.ﬁ?cﬁ%ﬁ%ﬁ he IQL

to all ow single-optic, [tiple-optic and shape changing IO i's may be
done usi nghd Ny BLGS Sk sRE65h O AT AHAPE hepralshil HbgUY ftAL! on and
10 deformation of the surface of the liquid in Step 906. This deformation adjusts
the curvature or optical properties of the lens. By increasing or decreasing
the internal fluid pressure, the IOL may accommodate to provide both near
and far distance vision.
Accommodating IOLs can be generally grouped into three classes: (1)
15 dynamic single optic (limited range and image quality); (2) dynamic multioptic
(sizing and long term reliability issues); and (3) shape changing optic (capsule
coupling, reliable distance focus issues). The interaction of shape-changing
IOLs with the lens capsule and ciliary body is of special interest. Embodiments
may couple the capsule to the IOL to allow single-optic, multiple-optic and
20  shape changing 10Ls. This may be done using inherent protein adhesion and
augmented with biointegration and supplementary adhesives. The IOL may
be constructed using materials with high elasticity like that of the capsule.
The IOL may also include a biomimetic scaffold that stimulates tissue

integration for shape changing IOL applications. The biomimetic scaffold

25 takes advantage of inherent protein adhesion mechanisms, cellular cues at
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be constructed using materials with high elasticity like that of the
capsule. The 1OL may also include a biomnetic scaffold that stinulates

ti ssue i rwegnend4s2¥6f or shape changing 1 OL applicati ons. PCmasbeoomsoved i c
scaffol d takes advantage of inherent protein adhesion nechanisns, cellular
cues atthe capsular interface. Substrate material and surface topography/

mor phol ogythe cleapsdar yintevfabedi ol Sgbstedtef avaterial camd beutface oteubgraphyit er act
wi th the capsul ar bag environment so as to stinulate long termcellular

i ntegrati gRo@holdd§, BhemidtBE ighdskiBidgiall faétbRs £4€ beefioPRLinterabNwiHMTar Y,
enbodi nents of thé present invention provide an inproved | ens design for an

ocul ar i | C ' t,d AC, | | at.r aocul ar
ans. (1 oS RaPe Al Bad rhtonirEht 80 as BieiiRa e Bng ASRTERIRE, ReoralbR °\'
can include,a |iquid,suspended. between two optically transparent plates or
membr anes O?Gher bPﬁ?'H’%Pé&gﬁP W'é'ﬁg‘e\t,\ﬁﬂf‘cﬁ%%ees optical energy. The haptics
mechani cally couple to the IOL in order to pasition and, secure the | QL

wi t hi n5t he eyeIn syamary, exchpdinestselibariasentdpventionsproyideran yrroyed; | j ary
muscles to vary the surface curvature of the liquid. The Iiquid may have a

hi gh surf dens tdasigronfaandnbecslarr gupldetl byThphiobewlal i implant Pnelsdes eafir om t he
ciliary nuscles causes fluid to be added fromor withdrawn to a reservoir.

| ncr easi nglcdeshestiiting t itrabBulk naénPr €3I eapdl tade nuntsdrd ehangptics. he angl e
(curvature) of the liquid (lens) surface, thus changing the optical

br oper t | eErfodiiente RS thiNBBIHMdREARGUCE. kin' AbRABed difd | dbgefigegt urns o

the reservoir. T ol e systemmy beé sealed off fromthe interior of the

eye by 2 TRNLEN RbIHIRAN Snsbgfiiy el RleniBhddo i a ifeddifieart Wi I

10 lens that passes optical energy. The haptics mechanically couple to the IOL
in order to position and secure the IOL within the eye. The IOL achieves
accommodation by using the eye’s ciliary muscles to vary the surface
curvature of the liquid. The liquid may have a high surface tension and be
surrounded by phobic liquid. Pressure from the ciliary muscles causes fluid to

15 be added from or withdrawn to a reservoir. Increasing/decreasing the internal
pressure of the liquid changes the angle (curvature) of the liquid (lens)
surface, thus changing the optical properties of the lens. When the pressure
is released the liquid returns to the reservoir. The whole system may be
sealed off from the interior of the eye by a membrane/transparent lens.

20 As one of average skill in the art will appreciate, the term “substantially”
or “approximately”, as may be used herein, provides an industry-accepted
tolerance to its corresponding term. Such an industry-accepted tolerance
ranges from less than one percent to twenty percent and corresponds to, but

is not limited to, component values, integrated circuit process variations,

25 temperature variations, rise and fall times, and/or thermal noise. As one of
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or "approximately", as may be used herein, provides an industry-accepted
tolerance to its corresponding term Such an industry-accepted tol erance
ranges frwo2bsgEsidhan one percent to twenty percent andPCoruse@ponmsot o, but
is not limted to, conponent values, integrated circuit process variations,
tenperature variations, rise and fall times, and/or thermal noise. As one
of aver age gvirdde $Kill irhtheaait will flirtherr dgpeeciaten tiee terhe ‘opdrablyecoupledieaabl y
coupl ed", as may be used herein, includes direct coupling and indirect

coupling Vha BERKBEhePSRPRIRRMes ditRIBAlpliry Arfdindiref comslingsridanbherf or
i ndirect coupling, the intervening conponent, elenment, circuit, or nodule

does not rgag,{gle%ehpefei’e'ﬁgé’rﬁméhicﬂﬂ o ﬁ\g\?gﬁa_n@vklse%t fgp%fnd?\%dfséodﬁliapc%éem

| evel , volt eve nd/ or “power ohe of average skFll 1Tn the
art will also appreciate, inferred caouplin i.e ere one elenent is
coupl ed téntﬁﬁ’@tnﬁggr Cé’l”é‘?ﬂ'ﬂﬁm’b??qrﬂ?ré eﬂ@g‘jt’ i cf’l?(ﬁié%é oci,\q%écpogrmog'%ﬁﬁ%ct
coupling between two elenents in the same manner as "operably coupl ed". As
one of Savénfageatian of & sighakbul mayj adjustits parrenplevekivaltagetlael apdiorconpar es
favorabl y", as may be used herein, indicates that a conparison between two
or nore elpemeEntleveli tAsmnesoautrageetkil in theoaitdel adsalappramiatecirdeiredshi p.

For exanple, when the desired relationship is that signal 1 has a greater

magni t ude colping (i@ avhére oe ERMERNS @ouﬁlm&bimmweb@n&bbiimwhdd)en t he
magni tude of signal 1 is greater than that of signal 2 or when the

rmagni tude iﬁélu&é&%c@érﬁnk@%&f :L%%Ptﬁ@}%ﬂvgéggﬂﬁi (%ekméhfshwgﬁeté’é?n@r esent

invention is describe e un stood that vari ous

O L e N T e
clal n%(')\AH%EpIreScia%fA‘!chl\éE%r;ns"’compares favorably”, as may be used herein, indicates
that a comparison between two or more elements, items, signals, etc.,
provides a desired relationship. For example, when the desired relationship is
that signal 1 has a greater magnitude than signal 2, a favorable comparison
may be achieved when the magnitude of signal 1 is greater than that of signal
15 2 or when the magnitude of signal 2 is less than that of signal 1.
Although the present invention is described in detail, it should be
understood that various changes, substitutions and alterations can be made

hereto without departing from the spirit and scope of the invention as

described by the appended claims.
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1. An ocular inplant, conprising: an intraocular lens (1OL) operable to
pass optical energy, the IOL conprising: a first optical nenbrane; a second
optical mwolzewvas29a |iquid | ocated between the first optrctals2mmteane and
second optical nenbrane; at |east one liquid reservoir operable to add
liquid to or withdraw liquid fromthe liquid |ocated between the first

opti cal manbIAANES ghalIMECOIS] optical nenbrane; a diaphragmthat interfaces
ciliary nmuscles of an eye to the at |east one liquid reservoir, wherein the

contraction or el axgf bQiadiplde, onhpriding: muscl es forces the at |east one
reservoir to add liquid to or wwthdraw I'tquid fromthe liquid | ocated

bet ween the firgst. i.cal n t ngs a
plurality hapt iails"@%tl?gﬁ%(ﬁ Igﬁg?(ﬂgﬂfa%%g%bgga I ga % dd%g:ﬂi on é‘ﬂeﬁ]ed_%gvi thin an
eye. 2. The ocular inplant of Claim1l, wherein the Iiquid conprises a high
surface t&PSRYIF'MY9 qui d surrounded by phobic Iiquid. 3. The ocul ar inplant
of Claiml1, wherein the contraction or relaxation of the ciliary nuscles
change$§ an i nt er nal firekaptical slemb@ne; qui d | ocat ed between the first
optical nenbrane and second optical nenbrane,the internal pressure
affecting the curvatasecond agticat membrapej cal nenbrane and the second

opti cal nenbrane.

a liquid located between the first optical membrane and second
optical membrane;

at least one liquid reservoir operable to add liquid to or withdraw

10 liquid from the liquid located between the first optical membrane and
second optical membrane;

a diaphragm that interfaces ciliary muscles of an eye to the at
least one liquid reservoir, wherein the contraction or relaxation of the
ciliary muscles forces the at least one reservoir to add liquid to or

15 withdraw liquid from the liquid located between the first optical
membrane and second optical membrane; and
a plurality haptics coupled to the IOL operable to position the IOL within

an eye.

20 2. The ocular implant of Claim 1, wherein the liquid comprises a

high surface tension liquid surrounded by phobic liquid.

3. The ocular implant of Claim 1, wherein the contraction or
relaxation of the ciliary muscles changes an internal pressure of the liquid

25 located between the first optical membrane and second optical membrane,
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4 . The ocular inplant of daim1l, further conprising a

menbr ane/ transparent | ens operable to isolate the ocular inplant fromthe

interior wob20toe4szwe. 5. The ocul ar inplant of Caimil, woeszevwbesohaptics
are angled at about 2.2 to the plane of the 10.. 6. The ocul ar inplant of

Claim1, wherein the IOL is operable to replace a natural |ens of the eye.

7. The ocuheaintemal préssuie @ffacting trepeuraatuge ob thefirstiobticaletembranenanadsub 2. 1
nmincision. 8 The ocular inplant of Caim1l, wherein the ICOL conprises a

bi convex Qqpéiseeort optithl ¥sethBrarigPl ant, conprising: an intraocul ar |ens
(1CL) operable to pass optical energy, the IOL conprising: a high surface

tension liquid; a phobic liquid surrounding the high surface tension
liquid;at |east one liquid reservoir operable to add or w thdraw hi gh
surface tension liquid; a first djaphragmthat jnterfaces ciliary nuscles
of an eye to tHe at Lﬂh&asPCIdJﬂ& I"T'Hlﬁng rogsglemr,1’\/\ﬁ8pé% PR@Pé'SMaéti on or
rel axation of the ciliary nmuscles force the at | east one |iquid reservoir
to addSor NgMRERNSfranspArent fenscore@blente isdatedtheaperlar ynaleatifigm bt i cs
coupled to the 1OL operable to position the 10L within an eye.

interior of the eye.

5. The ocular implant of Claim 1, wherein the haptics are angled at
about 2.2° to the plane of the IOL.

10

6. The ocular implant of Claim 1, wherein the IOL is operable to

replace a natural lens of the eye.

7. The ocular implant of Claim 1 operable to be implanted within a

15 sub 2.1 mm incision.

8. The ocular implant of Claim 1, wherein the IOL comprises a

biconvex optic.

20 9. An ocular implant, comprising:
an intraocular lens (IOL) operable to pass optical energy, the IOL
comprising:
a high surface tension liquid;

a phobic liquid surrounding the high surface tension liquid;

19



10. The ocular inplant of Caim9, wherein the contraction or relaxation of
the ciliary nmuscles changes an internal pressure of the high surface

t ensi on |wqQuoth/o4s1ve i nternal pressure affecting the curwatrarsecfcmno opti ca

surface of the high surface tension liquid. 11. The ocular inplant of Caim
9, further conprising a nenbrane/transparent |ens operable to isolate the

ocul ar inplant fromgthegadtnd®s iliquidofesehoievperable tdhgicddevivithdraw! wsigh of
Claim9, further conprising: at |east one additional liquid reservoir

operable to ad obic liquid; a second di aphragm t hat
interfaces cil %gﬁ;%cgrrﬂltjésﬁ]ﬁq Y}%@Ban eye to the at |east one additional liquid

force the al Iegst ?&“gsﬁﬁﬁpﬁﬁ?%#{h‘fﬂ? 'atﬁrﬁa°§§%i'a‘32"ﬁ’U%°i&eaF bRt aw

phobic liquid.13. The ocul ar inpl ant of im1l2, v\/nerel the cantraction
or rel axation @I”Eiar?éoé‘ﬁll'iqélf‘&/reﬁ*ﬁ "é¥""@ﬁ%€ﬁd %CS”H???C@}%E‘?%’@\@P E
bet ween the high surface tension |iquid and the phobic liquid, the
differéntial piciiegumaisgiesdordantietaideastrans: liguid mSQIMOIrmédg@(EéVIM&Wen t he
hi gh surface tension liquid and the phobic liquid. 14. The ocul ar i npl ant
of Claim9, whéigh surfaee febsiansliquiciramad e to repl ace a natural |ens of the
eye. 15. The ocular inplant of Cdaim9, wherein the I1OL conprises a

bi convex opti ¢ g giGralify WRSRRLIUPIEPID RELIOY dérhbletBPositRInt theflORRkigh a
conpri si ng:

an eye.

10 10. The ocular implant of Claim 9, wherein the contraction or
relaxation of the ciliary muscles changes an internal pressure of the high
surface tension liquid, the internal pressure affecting the curvature of an

optical surface of the high surface tension liquid.

15 11.  The ocular implant of Claim 9, further comprising a
membrane/transparent lens operable to isolate the ocular implant from the

interior of the eye.

12.  The ocular implant of Claim 9, further comprising:
20 at least one additional liquid reservoir operable to add or
withdraw phobic liquid;
a second diaphragm that interfaces ciliary muscles of an eye to
the at least one additional liquid reservoir, wherein the contraction or
relaxation of the ciliary muscles force the at least one additional liquid

25 reservoir to add or withdraw phobic liquid.
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renoving a natural lens froman eye; inserting an intraocular lens (1QL)

t hrough an incision of a capsular bag of the eye, the IOL, the IC

conpr i seswoaofomseopti cal nenbrane; a second optical meobrEse@/oenche qui d

| ocat ed between the first optical nenbrane and second optical nmenbrane; at
| east one liquid reservoir operable to add liquid to or withdraw liquid
fromthe liquid | ocated between the first optical nenbrane and second

opti cal nenbrane;a di aphragm operable to interface ciliary nuscles of the
eye to the at ligast pRe ddult SpRRETHOCIEim ST QiNeréiRetHORohBaEIGH r
rel axation of the cilirary nuscles force the at |east one liquid reservoir
to add |iqui.d.t i t.h Ko 101 t he
first opt ﬂgt‘i‘ga{ﬂr@nn%r% él’r{]\éetc@%b? }él'eljcsgihé %‘npa[rfg%g d Q@rﬁg?%&%rgg@ﬂge@?@%&ﬁﬁﬁ § hapti cs
coupled tq.the O operable tq positio he |1CL within an. eye; positioning
and securi?}‘r‘ﬂq tSHEfaPﬁ_l%\Wﬂoﬁ‘i ﬁqq'aeg'é@éﬁ?vi Rr}}? q‘lé'qwdu\rqhﬁi‘?'&efﬁntﬁgﬁr?gﬁurgoupl ed
to the 10OL; and interfacing the ciliary nuscles of the diaphragm of the
|OL. 17. Hiecting Hiricovatyrgi of arsinteifacechetwese the dighisedage tensiorligiigh
surface tension liquid. 18. The nethod of C aim 16, wherein the contraction
or rel axatandrthefphiobi ljuid.ary nmuscl es changes an internal pressure of the
liquid | ocated between

14.  The ocular implant of Claim 9, wherein the IQL is operable to

replace a natural lens of the eye.

10
15.  The ocular implant of Claim 9, wherein the IOL comprises a
biconvex optic.
16. A method to correct visual impairment of aphakia comprising:
15 removing a natural lens from an eye;
inserting an intraocular lens (IOL) through an incision of a capsular bag
of the eye, the IOL, the IOL comprises:
a first optical membrane;
a second optical membrane;
20 a liquid located between the first optical membrane and second

optical membrane;
at least one liquid reservoir operable to add liquid to or withdraw
liquid from the liquid located between the first optical membrane and

second optical membrane;

21



the first optical nmenbrane and second optical nenbrane, the internal
pressure affecting the curvature of the first optical nenbrane and the
second opwvDcalo/magybr ane. 19. The nmethod of C aim 16, fuPChasS2@90prsi Ng
isolating the ocular inplant fromthe interior of the eye with a

menbr ane/ transparent |lens. 20. The nethod of Caim16, wherein the IOL is
operabl e to repl ace aadiaphtagrh dpensbleftotiMerfage.clliaty nibscleshdke efye@®ai m 16,
wherein the 1 OL conprises a biconvex optic. 22. A nethod to correct visual

i npai rent of apdakicast BARiGEIINSse RO WHhBERIR tRAESRRActicSr felH@tiaR &y e:
inserting an intraocular Tens (1Q.) t hrough an incision of a capsul ar bag
b
g

O e e, " P 05t SRR o eyt Eraiepliny o 2

surface tension east one
liquid reservoir operable to add i t hdraw hi,gh surface tension |iquid;, a
first diaphr agr?lrt‘ﬁg'ﬂdria?’i’t gﬁ\‘”&cﬁ'?”bi?{“? gﬂ”"ﬂd@‘@tﬁg t&?twfﬁne% tf'<53rtt RRic |'east
one liquid reservoir, wherein the contraction or relaxation of the ciliary
nuscl e§ force thRMBrane:ard seernd ppfifad mankiang; Ando add or wi t hdraw hi gh
surface tension liquid; and a plurality haptics coupled to the I OL operable
to position the | OLawluhlity dnaptige coppleidt toothendOhrmpesakler iongositien It wi t hi n
the eye with the plurality of

IOL within an eye;

positioning and securing the IOL within the eye with the plurality of

haptics coupled to the IOL; and

10 interfacing the ciliary muscles of the diaphragm of the I0L.

17. The method of Claim 16, wherein the liquid comprises a high

surface tension liquid.

15 18.  The method of Claim 16, wherein the contraction or relaxation of
the ciliary muscles changes an internal pressure of the liquid located between
the first optical membrane and second optical membrane, the internal
pressure affecting the curvature of the first optical membrane and the second
optical membrane.

20

19.  The method of Claim 16, further comprising isolating the ocular

implant from the interior of the eye with a membrane/transparent lens.

20. The method of Claim 16, wherein the IOL is operable to replace

25 a natural lens of the eye.
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haptics coupled to the IOL; and interfacing the ciliary nuscles of the
di aphragm of the | QL.

WO 2010/045296 PCT/US2009/060600
21, The method of Claim 16, wherein the |IOL comprises a biconvex
optic.
5 22. A method to correct visual impairment of aphakia comprising:

removing a natural lens from an eye;
inserting an intraocular lens (IOL) through an incision of a capsular bag
of the eye, the IOL, the IOL comprises:
a high surface tension liquid;
10 a phobic liquid surrounding the high surface tension liquid,
at least one liquid reservoir operable to add or withdraw high
surface tension liquid;
a first diaphragm that interfaces ciliary muscles of an eye to the
at least one liquid reservoir, wherein the contraction or relaxation of the
15 ciliary muscles force the at least one liquid reservoir to add or withdraw
high surface tension liquid; and
a plurality haptics coupled to the |IOL operable to position the
IOL within an eye;
positioning and securing the IOL within the eye with the plurality of
20  haptics coupled to the IOL; and

interfacing the ciliary muscles of the diaphragm of the IOL.
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