WO 01/ 85067 PCT/ US01/ 14728 SUPPLEMENTARY ENDO- CAPSULAR LENS AND METHOD OF
| MPLANTATI ON  FI ELD OF THE | NVENTI ON The present invention is directed to
the fiel avob1/806mi cal techni ques and apparatuses desi gneBCT/OSOIERIUIS €
accomodation to eyes that have sustained |l ens renoval. 5 BACKGROUND OF
THE | NVENTI ON The hurman eye conprises a roughly spherical organ having
essentially three distinct |ayers of tissue divided into three basic
chanbers. The tough outer sclerotic coat serves as a protective barrier
for the eye, and forns the transparent cornea through which |ight passes
into the eye. The scl er oSUPPEEMENTARMPNDEHCAPSHH SR LBENS 0l | agenous

tissue. The mddle choroid c f LI I ragmthat controls
t he amount of |ight adm tted‘gﬁh%{%&ﬁﬁ)é E)t%eﬂlvru%)ﬁAN&Atdd‘@nge t hrough t he
pupil. The transparent crystalline lens is immedi ately posterior to the

iris, and is held in place by zonular fibers attached to ciliary processes
surrounding the crystalline | ens. FIfdD OFchEANVENHON col | ecti vel y

culmnate in the spensoty |j.ganent of the s. The .15 .regi on between the
cornea and cryst aﬁ{l‘? S?%Hivepé%@ﬁg?éﬁdf%@efﬁf‘&ﬁS&Fglﬁﬂim}q%ﬁaI{ e eye,
wher eas the gafarfieaiedeRaAtiWesford afdoninsdatbn t8yes it havd slRtide@nsnsand iris
is knowmn as the posterior chanber. C liary processes generate aqueous

hunor, whi chréefidves t he anterior chanber and posterior chanber. Agueous
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PCT/ USO 1{(51'473(§lagenous tissue. The middle choroid coat forms the iris, a diaphragm that controls
the amount of light admitted into the interior of the eye through the pupil. The
transparent crystalline lens is immediately posterior to the iris, and is held in place by
zonular fibers attached to ciliary processes surrounding the crystalline lens. The
zonular fibers collectively culminate in the suspensory ligament of the lens. The
15  region between the cornea and crystalline lens is denoted the anterior chamber of the
eye, whereas the gap created between portions of the crystalline lens and iris is known
as the posterior chamber. Ciliary processes generate aqueous humor, which fills the
anterior chamber and posterior chamber. Aqueous humor provides for nutrient and
metabolic exchange between the avascular cornea, crystalline lens, and iris. The
20  posterior pole of the crystalline lens abuts the hyaloid fossa of the posterior vitreous
chamber of the eye.

Accommodation is the process of changing the focus of the eye between near
and distant objects. Accommodation is achieved by constricting and relaxing the
ciliary muscle connected to the crystalline lens via the zonular ligament. Such

25 movement by the ciliary muscle serves to shape the crystalline lens to the appropriate
optical configuration for focussing light rays from these objects onto the inner coat of

the eye, structurally known as the retina.
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that these refracting powers are static and they are restricted to
speci fi 20y az‘éle@uga;stth@g§CE procedure. These procedures are prone to complications, such as
retinal detachment, and, in the case of extracapsular cataract extraction, opacification
of the posterior capsule.
As the crystalline lens ages, it becomes less flexible and gradually loses the
ability to change shape in response to the contraction of the ciliary muscle. This is
25  manifested in humans as a gradual loss of the ability to increase the refracting power
of the lens and consequent reduction in the ability to focus the eye on nearer objects.
This loss of focusing ability is called presbyopia.
Presbyopia is most commonly treated by bifocal and other multifocal
spectacles and contact lenses. These devices typically comprise discrete zones of
30 differing optical power through which the wearer’s gaze is selectively directed to
obtain a clear image for a given viewing distance. Common disadvantages are that

these refracting powers are static and they are restricted to specific gaze positions.

Other types of multifocal contact lenses and intraocular lenses are designed to
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methacrylates, polysulfones or other relatively hard, biologically inert optical

20  materials may be used alone, or in combination with softer biologically inert silicones,
hydrogels or semi-rigid thermolabile materials. While these lenses restore optical
transparency and, if comprising the appropriate optical power, can cause the eye to
produce clear images of distant objects, their optical power is static and therefore can
not change focal length as the viewing distances change.

25 Other intraocular lenses have multiple zones of varying curvature to provide a
range of static refracting powers. These are generally referred to as bifocal or
multifocal intraocular lenses. The retinal image produced by such lenses contains
focussed and defocussed images. The defocussed images reduce the contrast of the
focused image and therefore reduce the ability of the eye to obtain good resolution for

30 all viewing distances.

A new lens may be created in situ in the lens capsule with a filler material
having the appropriate characteristics to mimic the function of the natural crystalline

lens. Many ophthalmic procedures designed to restore accommodation of the eye,
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30 all viewi ng distances. A new |lens may be created in situ in the |ens
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: elastic modulus similar to a human crystalline lens. However, a reduced cross-linking

density of these polymers results in an unacceptable gummy product having low
20 resilience.

Certain low viscosity, low molecular weight fluids have desirable properties
upon cure for injectable ocular lenses, but readily leak from the injection site. Upon
curing of leaked gel, a bump may form on the surface of a refilled capsule. Such
bumps are known to irritate the iris and mediate corneal edema. In an attempt to

25  overcome this limitation, suitable low molecular weight fluids may be pre-cured to
induce polymerization prior to injection into the lens capsular bag. Injection of such
partially polymerized materials through a cannula may cause shear stress, which
results in rough areas of the polymerized material that impair the function of the
synthetic lens. Additionally, pre-cured polymer materials typically must be injected

30  shortly after initiating crosslinking ‘to prevent disadvantageous over-curing and
reduced flow through the cannula.

Typically, the capsular bag tends to under fill unless very high density

materials, such as gels having a viscosity of greater than 4x10° ¢S, are used. As
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extracapsular and lens refilling protocols. A continuous tear capsulorhexis involves

20  preparing a circular or round capsulotomy in the anterior lens capsule. In cases of
ECCE, and peripherally in the case of lens refilling, and removing the essentially
circular portion of the anterior capsule delineated by the continuous tear line, a
continuous tear capsulorhexis forms an essentially circular tear line substantially
coaxial with the lens axis.

25 Preferably, the capsulotomy is positioned within the zonule-free area of the
anterior lens capsule. This type of capsulotomy forms a circular opening in the
anterior lens capsule, through which cataractous lens matrix may be extracted by, for
example, phacoemulsification and aspiration. What remains is a capsular bag having
an elastic posterior capsule, an anterior capsular remnant about the anterior

30  capsulotomy, and an annular capsular bag sulcus between the anterior capsule
remnant and the outer circumference of the posterior capsule. Thus, the capsular bag
remains attached to the surrounding ciliary muscle of the eye via the zonules, and is

responsive to ciliary contraction and relaxation during accommodation.
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manipulated such that the disk is choked by the entire capsular margin along its

20  circumference, thereby fixing the disk in place of the missing portion of anterior
capsule. Since the disk seals the opening of the lens capsule, the lens capsular bag is
capable of refilling. Thus, a replacement material, polyacrylamide gel, is injected into
the capsular bag to expand the bag. Although generally successful, certain drawbacks
exist with this process, including expansion of the capsulorhexis opening during

25  filling, causing intraoperative leakage. Moreover, Nishi ez al. reported difficulties
achieving a reproducible, centrally positioned circular capsulorhexis of an appropriate
size for securely holding the inserted synthetic lens in the capsular bag. Furthermore,
patients receiving such implantation developed capsular bag distention causing
blurred vision.

30 Nishi, et al. (Arch Ophthalmol (1998) 116(10):1358-1361) recently devised a
tube having a flange made to fit a surgically generated capsulorhexis opening in a
patient's capsular bag. This tube is actually an implant since it is permanently bonded

to the edges of the capsulorhexis with a silicone-based adhesive. Thereafter, a clear
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appropri ate “@$§3r %%a%&@ﬁ?%?ﬁ“ﬁ%ﬁﬁFﬁgéi%%g?ﬁ%%@?egﬁéﬁﬁ?%iﬁéﬁCﬁgﬂs in the
capsul ar bagrenfove eREIsEWMEth, alfidiuigh MiSreh@athy tubg sBalaly proRhdestiednh ¢ie tagvel oped
capsul ar bag distention causin blurred vision. 30 Nishi, et al. (Arch

Opht hal ol (intoigy amtsetend)a@gseg theeyy. Thepipimsion el thivinplantmayamechanically

fl ange e ' ' s nexl [ NGl

bt ont 8 caifeis gl el PR bR LRGN ARRRL MoiReds

per manent | y thenged suffetofchedeigesuses diaapwhiah sndydnieefcteswith déular si | i cone- based
adhesi ve. Thereafter, a cl egr, 6 01/ 85067 PCT/ USO1/ 14728 el is injected
through the p@mAdation sy agdiiign. e aroiruking Whemay seriththe coedr i11ing the
capsul ar bagen BfheRiRATHoK Fulfibd'bfinb BArid#B By EtdinhD tnd ifffant TREcH ihiflals ¢hen
cut to renove excess length,” although the remaining tube slightl

protrudes framsudveptildg to bintanpdtibiliypestilens, ehdmagrcande seiere ayftamifhtory

protrusign of this LqHI nt may nechanically 5 interfere with notion of the
iris, iﬁ%birﬁﬁﬁ#ﬁﬁﬁﬂ? %ﬁ§e¥ﬁening and closing. Contact of the inner
surface of the irige £RUIESILEABLd IMokve Bttémyt tb BiAIf @RSy Wistdie feul ar
accomodation. In addition, the protruding tube may 'scratch the corneal

endot hel i um agsommodbtivereapadityt dfshpayd. diewevessuck mstheidnhae ndideempl ant . Such

i nplants are susceptible i,oconpat i bi.l it ro ns nd cause severe
nE1 ot or yeo e RSl R ITRR Ry shickabbfon T oSBT siBRE o
attenpt to si@binhigianén ¥ Mmestaidld bepardedamyadiahtageosapaci ty of the eye.

However, such nethods have not been conpletely successful. A lens system
and surdidcal nethod or protocol for restoring accommpdation to an eye

woul d be particularly advant N/ﬁ%R%'ﬁ)lglf'w\{/ﬁTﬁg | NVENTI ON I n one
ed to a

enbodi ment, the present invention is diréc net hod of
In one embodiment, the present invention is directed to a method of

simultaneously supplementing refractive power of an eye and increasing
accommodative capacity of an eye. A phaco-ersatz procedure is performed on an eye

20  toremove a lens from the lens capsule of an eye. A liquid is then introduced into the
lens capsule, followed by inserting a supplemental endo-capsular lens (SECL) into the
lens capsule. The SECL is positioned as desired in the lens capsule and the liquid is
then cured.

In a further embodiment, the present invention is directed to a method of

25  simultaneously supplementing refractive power of an eye and increasing
accommodative capacity of an eye by performing a phaco-ersatz procedure to remove
a lens from the lens capsule of an eye and introducing a fluid into the lens capsule,
preferably through a capsulorhexis. The fluid is preferably a polymer, and more
preferably is a polymer gel made from a material selected from the group consisting

30  ofsiloxanes, hydrogels and combinations thereof. A SECL is then inserted into the
lens capsule, preferably through the capsulorhexis, and positioned as desired in the gel
in the lens capsule. The SECL is preferably made from a material selected from the

group consisting of polydimethylsiloxane, hydroxyethyl methacrylate, methyl
7



si mul t aneously suppl enenting refractive power of an eye and increasing
accommodati ve capacity of an eye. A phaco-ersatz procedure is perforned on
an eye 2Wwoo1s®spve a lens fromthe | ens capsule of an eyRCT/BSO/aisd i s
then introduced into the |lens capsule, followed by inserting a

suppl enment al endo-capsular lens (SECL) into the |ens capsule. The SECL is
posi ti oned amethesiylate eihyl misthacwirie.qhenylethylraylath @henyjethalmethyla¢iplatecanded. |1 n

a further enbodi.nent, .the present .i.nv.ent.i i irected t 3 of 25
si mul taneoys?%}nd@%tmné ihseatn Eifeéf’?%{ ?W}%tﬁlﬁﬁ@iﬁe %ﬁy%lﬁrepré%%g?l csﬁée{%gﬂl'ng
accommodat i VR 4RR#E éb&dimants 0F theireRaf inOsntiongthe SHTICKH fREtSakrédueedareure to
renove a lens fromthe | ens capsule of an eye and introducing a fluid into

the | ens captallens capyuds, Sligyred bynnboduring thgslud. Jppestilldurtirereenhadirgent dhe

preferably a ] i : -n[[ﬁgg a
mat eri al 5}s/el %@@ééggﬁ%r@p ﬂ%&%ﬁ%@gﬁl@??ﬁ%%é %8%?9%% oilggglgl, y ?({)L{Sg{ps and
conbi nati ons t her Bod stil S emisodifheit, thepesseriinvention ihdireckehts ackepioalfer,

preferably through the capsul orhexis,  and positioned as desired in the gel
in the | ens dmykaneoustysapmementing refractbeAOMer FRULCYEBMIBCIRAEE i al sel ect ed

fromthe r i-St i . | vdi J Si l.oxanpe )
met hacryl a'? e?&ﬁg@%ﬁ{@é %88%; %@316%)@13@}1 ?J‘é%i?& 147 ?éng %%ﬁg@%bﬁgﬁ iéd mtséqtrﬁeg I
met hacr yl at eintpireayipigtitns capsult af & eyehprefdratli yiroegtha Capsulpklates. e fluid is

conmbi natj ons thereof. After positioning, the SECL, the I r preferably is
cured. Vb oy & el HERTCGr e RES S9BRETE SLTeG HUH LD | <

first introdugedihhbPsildkifes) BREoSAPaM SmiifdpWatrddy, WSECHYstdlicémtd | ui d.
In a still further enbodinent”the 5 SECL and the fluid are introduced into

the | ens captellenssapsiaptéfaiably thiowgh tlaeapedoghexis) andgpositioned fngitutiethe

enbodi nent, the present.invention is direct to a device fo .

si mul taneoush‘g}lﬁégﬁﬁfl'é%th? B?Fdreflé?ﬁ%lc@tvp\pgw% ac8?mﬁlﬁg%t§/vee G&Rﬁﬂf}’ncnlg%l}l(}lg
accommodat i Vg tg@pgefckablPbured eye, the device conprising an amount of fluid
inserted into an enpty |ens capsule of an eye, preferably through a

capsul orHexi s. Thh Yat ghetherenipdimenttethgprapent ipeinjipp is dlE@t%PdBr{FﬁraéieWéif@r ably is

a polyner gel. selected frgmt . C ISk 0 j s, hydrogel s
and conbi nat fIB’flilg:a]tl%oélP@osP Pﬁﬁ\mgé&ggl{eﬁr# é%(l)v&}%g‘%k ?irnl%lggyet%?g%éergs psul e,
preferably thcon@hbdatioe epasity of fieesieconmrdingasivid anea SECLshbartedintolae 1 ui d

to achieve the desired refracti ve,gower and accommodati ve capacity. The
fluid is thevecpited @nagqtg;u@u rlehg fluid preferably is a polymer, and more preferablyis a

polymer gel preferably made from a material selected from the group consisting of

20  siloxanes, hydrogels and combinations thereof. The SECL inserted into the lens
capsule is positioned within the polymer gel with the SECL preferably made from a
foldable material selected from the group consisting of polymethylphenylsiloxane,
polyfluoropropylmethylsiloxane, hydroxyethyl methacrylate, methyl methacrylate,
ethyl methacrylate, phenylethyl acrylate, phenylethylmethacrylate and combinations

25  thereof.

BRIEF DESCRIPTION OF THE DRAWINGS
Figs. 1a—1c are partial cut-away views showing one preferred embodiment of
the present invention wherein a polymer gel is introduced into the lens capsule via a
30 cannula (1a), followed by SECL insertion (1b) and placement (1c).
Fig. 2 is a partial cut-away view showing another embodiment of the invention

wherein the SECL comprises a haptic to assist in orientation.



15 In yet another enbodi nent, the present invention is directed to a device
for simultaneously supplenenting refractive power of an eye and increasing
accomodavdvesmapacity of an eye conprising a fluid and aPSECRO/1SHrt ed
into an evacuated |lens capsule. The fluid preferably is a polyner, and

more preferably is a polymer gel preferably nade froma material selected
from the group cohigss3aand 3bfshow the beneditreaf, th§BED gldcemanidingaesispeiionghs

(ner ool 1, 2hebrhRSELAE LR e URuo B eI RN B 1

sel ect ed frogﬁ%&ng,z@umhqa@s*g@[jiﬁ@m& pol yret hyl phenyl si | oxane,
pol yf |l uor opropyl net hyl si | oxane, hydroxyethyl nethacryl ate, nethyl

met hacryl ate, et Higs- 4eetdare cyasasectioprkrgwe ohan eysshgareehe aberration control

phenyl et hyl . ' i 2 r EF DESCRI PTI ON OF
THE DRAW%GSEE‘F %g%r}é?ﬂggaﬁ?ﬁ&% b;e?dﬁég?{’ M SBCE -gfa@ig?fe\%?‘getv{g@@w ng one
preferred enbodi nBigs. 32£5d dbergas8seivnal viewnbf arcystshowing the pelgyifieatigel i s

i ntroduced into the |ens CapSlﬂ e via a QSLQ cf';\nnul a (l.a), followed by SECL

i nsertion (| #heraskaisieabaheambeuel nterthe SECE of the prasertinveniiotanay vi ew

showi ng anot her ephog i thBEBL Fhe YNET BF theliEsentinbetIERIH S€S a
haptic to assist P0G I CarXholify 1B ERL: e YHCLBF e piscib il gs. 3a and
3b show t he bahetédmmodatiohen$EGireqonadmmetropin, asoesmebrtfiaghad coriegtign.of an

eye. Fig,, 3a shows, ap.eye w thout the fo rison, and.Fig. 3b
shows anl®ye wi t\rﬂnﬁkghzl%%@taﬂi OBiRE ?eﬁé‘ggf t@%@fgg O-gqmsular BRI i ews
of an eye shgyhREcdniBo@RRn 8l &P cti9ltéRdction. Characteristics that can be
built into the SECL of the present invention. Figs. 5a-5d are

cross-sectional vFigw8iod gaph ehewingdhd effect pEchanging tefeastive mdezlodthect eri sti cs
that can be bl,ti?,H iegto t he SECL(?df .t he d?rrgrsenteci nvention. Fig. 6 is a chart
showi ng t he BPWREF 8Pt agepmmadatipn ang telraghve GfeE¥fh n on  bot h

accommodat i on and FErie Glo&h showiBEhE @Rdrfe iRh@Omn@IdarEn Faige adth iéRactive
correction. 10 Fig. 7 is a chart show ng the effect of the SECL

endo- capbul asorrstipr pdned byaltering Shambadivedndend thepelumer 88 correcti on.
Fig. 81s agr aphyfg]?msn%%l‘) Gicl éieé:é]a@i hﬁ%ﬁgg!tﬁ-%a & &ﬁfﬁtglluYﬁoh.ndex of the
a refra t4 on.

pol ymer gel on bo acco I'on an tive torrec
Figs. 11-14 are representative drawings of a lens-stretching measurement

system for an ersatz lens having an SECL.

20 DETAILED DESCRIPTION OF THE INVENTION
The present invention now will be described more fully hereinafter with
reference to the accompanying drawings, in which preferred embodiments of the
invention are shown. This invention may, however, be embodied in many different
forms and should not be construed as limited to the embodiments set forth herein;
25  rather, these embodiments are provided so that this disclosure will be thorough and
complete, and will fully convey the scope of the invention to those skilled in the art.
Like numbers refer to like elements throughout.
The present invention is directed to the incorporation of a supplementary
endo-capsular lens (SECL) inserted or embedded within either a fluid, inside the
30  capsule of the crystalline lens, during phaco-ersatz or similar surgical procedures to
supplement the refractive power of the eye with a view to (1) correcting ametropia,
while also (2) maintaining a useable amplitude of accommodation. The fluid

preferably is a polymerizable polymer. More preferably, the polymer is in the state of
9



Fig. 9 is a graph showi ng the change in accommobdati on range with refractive
15 correction achieved by altering the refractive index of the polyner gel.
Fig. 10 iwoar/gioen view of a SECL having a tri-haptic confpPgDuativams Fi gs.
11-14 are representative drawi ngs of a | ens-stretching neasurenent system
for an ersatz |ens having an SECL. 20 DETAILED DESCRI PTION OF T | NVENTI ON
The present aademhﬁémﬁlwder%@%@ﬁﬁ@%wsw 10§} FUPPFRSIQISHELE-t ¥105hi t h

reference to,lRg.3GSAURGHHICD Gerds YL ARRIZaI0 althis Gl AT SR RERAGtIRRES Of

the inventiBn are’’s nt1on nmay, however, died 1n many

different fpolymenndcsihbinhtiomtiterdod Adiysitagebd vadersiont ttete tuy hytratedibodi nent s

set forth herei 'f 25 rather, these enmbodi nents .are gr.ﬁgi.ded&%o .tl1at this
te eél1

di scl osure wriosslisked RJYBGHA SHiter hah sisPRiIms wald an PYOSHS eV PB®Ss cope
of the i nS’enEuiegﬁl RerfcQefotkid Edifbristhd fFolfhbric badkbEndWASEISiveRY Sort O | 1 ke

el ements throughdut. The ‘present ‘invention is directed to the 1ncorporation
of a suppl enpolyéarganositaimnelagiduittmins aarthe pakbbje poigmer. ebhomogisbehled wit hin

either a fluid, insi [ Iine,.|

de the 30 capsule of. the.cryst . s, ,during
phaco- er sat zPoy™§l %‘?115 g‘?l tﬁ%?ﬁ??f’él“%?ﬁ%?fﬁ rﬂéosg_e twéméﬁcﬁﬁlabgr%ﬂ%s’hf@eg@ fractive
power of theyRygoi thred” Mﬁi@lﬂyg%ﬂﬁln) fr6Rrab6E! - MmaTRES) @Bing UV Mehi. € al so (2)
mai ntai ning a useable anplitude of accommodation. The fluid preferably is
a pol yner i zablowepa) if ieundentsoas! theiethe prasent invenbopisinphgstiicied to thasediodt e of 9

e T

enul si on prerera

pol yner i zabl e/hamdiré Sotacusdd 10XR1EfeOtivd) yEihag 8bk-g:ds) tod bthieh ¢herpoiryvesibleor
conbi nati on thereof. A hydrogel is understood to be qiailny hydr at ed,
crosslinked potmseeice Thedluidn affihe Preses mvantep (Redptroducsd igte the lpns sapsHle t at e.

Si I oxanes 5 e?%rmgéggé égpe%ﬁfgjé}ﬁgig;% ¥ mkbédt%@toagbﬂf@ﬁ%&gg@rﬁrgbone with

relatively shor (organos si de chains on t bone pol yner.
The nost sui prdidrebly fieny ayut 950 hbouttll¥s. present invention are those which

can be crosslinked and _therefore "cured” quickly (within fromabout. 1-15
Ut 6s) 1t ng UVIDS SHEL i s intsaded oyt e eele or A Sogiia

i nvention i s nALafr&Sfor kel Blotafioh 3¢ altdRinRiatidd HH%@%rgu&qh)b@&'f felatbd fact the

pr esent inveRtlon al so contenplates the use of flui whi ch are not cured

to be eff ect bwgicakerohfradiveabrgetian applcaiioneis alsvepassiblec(ge: yasshlar, heart or
other organ, etc. applications). The SECL is preferably made from a material selected
from the group consisting of polymethylphenylsiloxane,

20  polyfluoropropylmethylsiloxane, hydroxyethyl methacrylate, methyl methacrylate,
ethyl methacrylate, phenylethylacrylate, phenylethylmethylacrylate and combinations
thereof.

The operation, utility and applicability of the SECL can be understood from
the following description of the preferred embodiments. In Fig. 1a, the crystalline

25  lens of a myopic presbyope has been treated with the phaco-ersatz procedure. The
lens (not shown) of eye 10 has already been removed from the lens capsule 12. A
visco-elastic polymer gel 14 has been injected into the capsule 12 through the cannula
16 that has been inserted through a capsulorhexis 18 in the capsule 12 and a corneal
incision 22 in the corneal wall 20 as part of the phaco-ersatz procedure.

30 As shown in Fig. 1b, an SECL 26 in a compacted position, such as being
folded or rolled, and preferably is introduced through capsulorhexis 18 and corneal
incision 22 into the capsule 12. The SECL 26 is held and maneuvered with a lens

holder 28. Fig. 1¢ shows the SECL 26 in a partially opened position within the
10



systens, etc. The fluids of the present invention to be introduced into the
| ens capsule preferably have a specific gravity of fromabout 0.90 to
about 1.3%oansgsoapbre preferably from about .095 to about RCHES011E72Bhe SECL
is primarily intended for use with phaco-ersatz or sinilar surgical
procedures for the restoration of acconmodation. However, use in other

rel ated suregpsdle 18suspendedin the p@ldmeag@ll 16n Papifirniagtindaia 30532 pieshowa enb e

(e.qg. vasculﬁlr o Bg%%acgm o‘ﬁ e$ etc. applications). The SECL is
preferably nmadé Troma mtéria ected fromthe group consisting of

pol ynmet hyl phenyl sTh@SE@E m@;ﬂalp@bg/ﬂémgﬂedm b aehlg Itlsdtlopmtee to posidergebt hyl
net hacryl ate, nethyl % | at e, nmet hacry
phenyl et hyl atetsptign @m%‘ﬁﬁ WPWWFP%‘%&@F &%J%"“é’ﬁd’f(t,]%ﬁﬂb}faﬁatefséﬁspd)frﬂ%rr eof .

The oper & i Ogel Wséc b'lfl%(stf’a'f@ a?l ehifa Bc;d:'{mﬂ{t oF B d)?gsgnt ﬁﬁf@ntl?(ﬁl Nﬁ'&@i‘hsﬁl%?g f rom

the follown Ion o e preferred enbodinents. In Fig. 1 a,
crystalline 4@had ancﬂE@L A dppanfede Shy SEETshdsdanti¢ pmammM/;Hﬁhhetthe

h t The |l e f b
Femoved T roneie In i cnspion axhsisngen; SBpSEOR ApdiyeeqiiClid as. been
injected int gniiRRed ARSHOEy J&nIhO UaRule ™. Canmeba, tolfcllinad 1%%09%?&6:‘ nserted

through a capsulorhexis 18 in the capsule 12 and a corneal -~ incision 22 in
t he cor neal pelymergeldé tbl&)lugh dte ctahJeulp K& dwo dhrescapsule b6 Cascharieof tBOphwsosrraim i n

Fi g. nSECL2 in a co 0si t ch as b fol ded or
roI I ed d Bli"@‘?dé’lr b 25655 ern 2 P{‘W}%ﬁﬁﬁh%’; ﬁﬂr@?rhgil s 18 and cor neal
incision 22 into FiRe FeadWtalldstratd e adirleka Zggﬁ)fltl’fe et ofifit freRativmestidnw th a

| ens holder 28. Fig. | c shows the SECL ina partially o ened position
wi thin the 19hewDid/igsosbinpim wib B/ phagpersate gp sigilar spresqat pwserde fai t he

pol ynmer gel 14. Si ni_f [ r [0 urface
34 of the SECL efg ?é{gggﬁ%%mﬁﬁgp %Iag%ggﬁbf‘?ém glﬁe%g ?’ ‘OQ"%Q da{rﬁ 2\t/cé)l é\;gat%hat
operates to pioesdudeisgrRiformhed aithbai SE@EtIrDﬂlﬁ|dnibodlmElﬁ[ﬁlb)tn§fo®m dyiet5dt i ng t he

i njection of the phaco-ersatz poly ﬁ Fi g. 2|IIustrateSﬁ
al t er nat & entybile h%\ﬁ@g MCWC}%@%WOYF%Y@ £5tain %9@1@?% myoPEate.48had had an

SO 22 !y R e O o Bt 515 1
i mpl ant ed anéyertb did lgftyivilhbarfdchgeddgphe leas 58, witish hirouwdergame fpheadd-érsat,d6o a
' nj ection of fotcﬂs 60 in front of the retina 62. Consequently, the retinal image of the distant object
will be blurred.
20 In Fig. 3b, by using the SECL following the same surgery, due to the
additional refraction afforded by the SECL of the present invention in a myopic eye
64, simultaneous correction of ametropia is achieved with restoration of
accommodation. In this situation, light rays 66 from a distant viewing object (not
shown) will now be focused by the ersatz lens 67, which has had a SECL 68 inserted.
25  Due to the additional and correct power afforded by the SECL 68, the light rays are
now focused onto the retina 72. The outcome is a clear and sharp retinal image 70 of
the object.
Fig. 4 illustrates advantages of the SECL. As shown in Figs. 4a and 4b, a
conventional ametropia correction is provided following a phaco-ersatz operation.
30  Due to the documented change in aberration state of an eye when it focuses to “near”

for reading, aberration of the eye cannot be corrected through the entire range of

vision (from distance to near).
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pol ymer gel 46 through the cannula 48 into the capsule 50 (as part of the
phaco-ersatz 10 procedure), an access opening 52 is provided at haptic
portion A0 0F839s7 3a and 3b illustrate the advantage of tpreT/SEGL14048 t he
present invention when used in conbination with a phaco-ersatz or simlar
surgi cal procedure for correcting conbined anetropia and presbyopia. In
Fig. 3a, a standadFights eneye 80 whighrhas sudargorieshe phdooreresdz procedue fax SECL. | n

this enbodi nent,. t he opic. eye .54, .15 whi | e, havi ng acco dation restored,
Wl recain FReHBE Ao SR Aed St o Hctic 1B AirRR6R BRI ANR0RCT i g
obj ect (not B{GWRkchREBHSEbAlRel BT idhinE adtkeant bBjECL T8 thieyRudtion light| ef t,

w Il be focused by the I ens 58, which has undergone phaco-ersatz, to a

focus 60 in taypht. &riremdhe disianbviepingabirsbaadpeusyd by e everwidlrelaxedigisatar t he
di st ant je i I ' I i oW ng
t he sarreoésjur%ésf §&oﬁ%gf%lgtr§téﬂae%kd |‘8740V%%:ah?5 t;ﬁg(?{ %ﬁ%ﬁ%yﬁgbﬁ%ﬂ% CL of
the present mowgidripheral Helat rayog’ arefveused 4urtlsdr inifroangdofsthe petine 88 itioam thé
ametropia is achieved with restaoration of _acc dation, In this
situation, |mgraxiayighteysddm Hhigpiftessnce i OfPh &aheral spys 53 heAxiaki | |

now be focus ) . i ‘ ipserted. 25
Due to the a gls t§ ?o%@?u%ﬁﬁaﬁé}ckgﬁn%%%wgﬁp S%Eﬂg r‘fathnglzﬁs:léaé?%g%lﬂ?t he | i ght
rays are now foclisiéd. 4nttie sdnee eyet§Onetivtbe sdhe spagtacbneriestion 82 saowand shar p

retinal jpage 70 of the, ohjec -ig. 4 il trates advant ages of the SECL.
As s_hovvnlq n %Cl;ﬁ?d tapnegs leﬁfﬂl,lg'alrh%ggﬁé?ﬁsi?&né\f Q’r’r’etﬁ“F Sﬁ?ra“%‘g?’lgg’gie% A'S s
provi ded fol fo‘éﬁ‘éeﬁ%gﬁh@Q?&Qﬁtﬁraéé’énﬁn&ﬂ)ﬁé@érmﬁlen?@6 RMRart® tHehBtikkogRU MR B

change in aberration state of an eye when it focuses to "near" for
readi ng, abechaage onthefbemasicayad theasyeat nérs fowsy the pedphdraloayhOt Ree @wire range

of vision (from.di stance.t ar).. VWO 01/ 85067 US01/.1L4728 |.n Fig.
4a, an eye S%CW%ﬁfﬂ%fg’eﬁﬁ’(ﬁlggr%gﬁé&Wﬁé%M&gﬁ’ BHeary gﬂgj (P Slgzan'ggé? oring
accommmodat i oghediafloNBA hbdEnRoSARG! 6 fiked RREspEEEIE D iBrotlaBle ta FRIVIdPAA,

has its accommodation rel axed for viewng a distant object. In this

situati ol | prfimeumfagus aghothghstantend npar vigvengant vi ewi ng obj ect are focused
by the eye with rglaxed, er stz 86 t r : L: 'y er,
due to the presen i occal?ﬁgd'rd ? %gg?ﬁg? iﬂg)gvsn, tﬂ?ﬁggﬁ eﬁ%@%llggl%%lgﬁ%fad lﬁ%ﬁ rays
85' are focugridnfrl the@berratidnr 0 bbth&listaice tahé negtvigion. St Figarictang 4d, an eye

100 has a SECL 102 implanted into the lens 104 along with the phaco-ersatz

procedure. The SECL 102 has a mechanical flexibility designed so that the SECL

20 102 will bend in a controlled manner when the ersatz lens 104 accommodates. In Fig.
4c, during relaxed accommodation, light rays 106, 108 from a distance viewing object
are focused by the eye 100 with the ersatz lens 104 and the SECL 102 towards the
retina 109. Since the profile of the SECL 102 has been designed to reduce
aberrations, both peripheral rays 106’ and axial rays 108’ are now focused to a single

25  focus 110 on the retina 109.

In Fig. 4d, with the accommodation exerted for near viewing, light rays 106,
108 from a near object are focused by the eye 100 with the ersatz lens 104 and the
SECL 102 towards the retina 109. Given the appropriate and controlled bending of
the lens on accommodation, the lens form of the SECL 102 will change, thereby

30 altering its aberration characteristics. In this way, both peripheral rays 106’ and axial
rays 108’ are still focused to a single focus 110 on the retina 109. The
implementation of the SECL 102 therefore provides significantly improved visual

performance at both distance and near vision.
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nore axial light rays 84'. This difference in focus 89 of peripheral rays
85' and axial rays 84' produces spherical aberration which degrades the
retinal iwagesymonlity. In Fig. 4b, the same eye 80 with theT/vame43sect acl e
correction 82 is now 10 focused for near view ng. The |ight rays 90, 91
fromthe near view ng object, are focused by the eye w th accomodat ed

ersatz |l ens 86 tomeaddiiarhmageificaiioregay brjeuittanty thoapizss of the HeClabB¥r at i on of

the eye at near focu t he..pgr r r ' f ; her
boni nd o5t nitenp e SRR o8 o e ST, Ao Abdfdd Yt ATHEEo L (pliRE
aberrati on of caaeNedMeldidioertiohs; thd SECL hagtsaded fremdt@alyecodizet for not able to

provi de an 15 optinmum focus at_both di stant and near viewng. In Figs. 4c
and 4d, a SEmetiopiapsiwberigtions, Suispidipiipciiiiaraandcahanne yiserm Goaditioagof ¢ o

control the ion. i n | S13090, i and
2d, an eyb. ABGVGALC0VEN RO DRLSIERERRR). CPRE 34 SUShpf il daectbron
phaco- er sat zthe presestdtiventiohvehetdb§] asldhdwhas SECIeeittarddaedd mhgnifigition isustdsi gned

so that the SECL 20 102 will hend i.n a controlled manner when the ersatz
| ens 104 acclorirpeasedae patipngs gifectiyg field pfiviRyVr el axed accommodation, Ii ght

rays 106, 108 frqﬂﬁgdﬁéfaﬁ@g@m Sich D2 OB RESonePhicd- MG R IIIMaTG eye 100
with the ersatz lens®104 and the SECL 102 towards the retina 109. Since

the profil e adgitdengmificatiof ahd ficldad viavesTlyrseobjeets sprgad acrossibe fieldiodveew bot h
peri pher ra 106' . an Xi.al, s...108. are focused to si ngl 25
focus 11 ons%ﬁés %Wqﬁ%é 1%I %{%y‘ﬁl.u faf,oc'ﬁs?%f?%@ aa‘i%%%ﬁ%ﬁso r%sgéﬁet ed for

near Vi ew NGpetihd 9%, [AYIg. é&@negé@ﬁo ﬁdsqmuargaﬁ%ﬁh&m@gdtz with ahagaised oby t he
eye 100 with the ersatz lens 104 and the SECL 102 towards the retina 109.

G ven the appegpfitation radeciepHECHI133d Ibdisdimbpdiment; pljette aerotithadieldrafodat i on,

he lens f fobh 02, wi || ALh i pg i
aberr at on cHErdeeerdereesSrtanati B Siset KB Ltk B 8% 067 ang

axi al rays dfi@spaidingietinhl frecotetbi-SECL she1gk® focus 110 on the retina 109.
The ' inplenmentation of the SECL 102 therefore provides significantly

i mproovedl¥i sual  Bigr Porhawican inerepssd magnificatien SERd fRpassising A gatieni ™iiap
01/ 85067 PCT, 14 . i1ian i _ : . )
é}f@%&l%l. éiﬁmds é}ﬂb@cﬂﬂfeﬁf, ﬁ‘[é Oeygﬁg@ (})1%% é}fé%ﬂfﬁﬂlé{ﬁﬁ 4@2,?91%1% Lt into the

optics of th esi gni ng | system e SECL
char act eri st magnifieh SESLL Bl2esmclfliacolsjpits aossahe fiokit afolidve d22 vl be fhicassedt i ons,
the SECL m51y’cobael:¢1rugséea(geat 1044na?ctros%r1]:f1ey re%igg 5266C t for
Fig. 5d provides an example of an eye 150 in which barrel distortion is
20  designed into a SECL 152 for providing increased central magnification yet with no
loss in field of view in the periphery. Barrel distortion refers to the scenario whereby
the magnification of an object decreases as it is placed further away from the line of
sight. In this embodiment, the SECL 152 will magnify an object in the direction of
viewing, such as the central letter “F” 154, while simultaneously reducing objects
25  away from the direction of viewing, such as the two side letter “F”’s 156, 157. Thus,
the respective retinal images of these objects are simultaneously magnified 154” and
reduced 156’ and 157°.
Fig. 6 depicts a graph showing the refractive power needed in a SECL for
correcting a range of ametropia. The horizontal axis of Fig. 6 represents increasing
30 power (measured in diopters) of a SECL when measured immersed in the polymer gel
used for phaco-ersatz. The left vertical axis refers to the amplitude of accommodation

(also in diopters) which is derived by using a SECL of the corresponding power. The

right vertical axis indicates the amount of ametropia (in diopters) which can be
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anetropia and aberrations, but also to facilitate and enhance vision in
conditions of 5 anblyopia or visual field defects (e.g. scotomn). Figs. ba
and 5b sivwovwasisent ages of the present invention whereby, PapUShiomms a SECL
with reduced magnification is used to increase the patient's effective
field of view In Fig. 5a, an eye 120 which has undergone phaco-ersatz wl|
retain its riegicddly wingihe respedtizn SERd Boverq Fer e’ﬁﬁ“ﬁﬁi’: lfcl)ﬂt@?'e%}zééts spread
across the fjel ' : ] | etitar 4 Fi 2 WiddiioRe
focussed 12 o&a%gﬁingz%ﬁl}é?eer}légggﬂgé%%%gwtgEe r g? il'rﬁ’tflfgb §Iﬂglezléjfﬂg%1 églgﬁ an
eye 130 has ofthefBChewilhaco-ersatz with an addition of a nagnification
reduci ng SECL 132, In this enbodi nﬁfthﬁ objects across the field of view
3

122 wi | T be IO SEtiastyyeppwerdaem 3 ghmypia gy becopsgied #if &% ¢ han the
correspo gd' ”&c6ﬁ?&{a§ﬁﬁ%%§ﬁmﬁé oPaddBRiaH oY Bjuddfided $D FiiGhodd bak@YSnan
magni T 1 cdtion h nbl

i ncrease ECL for assisting a patient wt anbl yopia. In
t hi s enbodi neind, thatidepeyding 40 theatesign o the RECI, éng for fdvtori refractivenndex, f yi ng
SECL 142 such.that objects, acyoss the.field of view 122 wi |l be, focussed
Co & I arge. aPisapafoRRs Bepibe TroRein 36 Ry Vs Fg Srithue RS R R o
an eye 150 i oty SRAY @lsighli FRY SEOD ma§ b3eSightDdast dbld 1 dmPbfdatelfallyf or
providing increased central magnification yet with no loss in field of
view i n the qeaitphlyrfpr emensos varditionsin the refrastize indey of the gst erpplymeiaher eby

t he magnj ficati. o] n ect decreases.as jlcd u er,.away from
t he Iingloof ﬁg}l ,_tthfﬁer{sﬁlg gﬁ%iﬁa{%’ﬁ °! g%égxggéhgﬁgéi&ﬁ %iéen%%gﬁdftﬁ an obj ect
in the direcioingdl MerraviofyVintEniffodidh @sdiétbrionend éxlantetikion. "F' 154, while

si mul t aneousl y reduci ngLobj ects 25 away fromthe direction of view ng, such

as the two side |Bie 3ECLmay hegplaced sy anyprsition withinthe prystallipg lenst Thal i nages

of these obj i Lif ' . +and
T R g eoundpel MMaRERIEC ECE0 e o Ao ol A A et P
for correctdfithe SECANg@cesmmoBitive pare, aherdpdd caresttiah, amdiabewdtioniand 6
represents increasing 30 power (hreasured in diopters) of. a SECL when
measur edd mmBREBHECIHPN qeatph | Therstorsdf is undergtopd that thequesenbinventioph e | ef ¢

Uor e S PR e S M) s aalaim & opc )
vertical axi®nibichtet with theepodymoerivt geb Ehaam¢nistios ean bansediictgolttemseet thiai ch can be
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For example, the specific gravity of the material used in the SECL may be
20  chosen to be optionally, higher, lower or equal to that of the introduced (preferably
injected) polymer gel. This facilitates the antero-posterior positioning of the SECL.
For example, Fig. 7 shows the behavior of the SECL with different refractive powers
when placed anteriorly and posteriorly, illustrating the ability to control its
contribution to accommodation and ametropia through its location. In Fig. 7, the
25  horizontal axis represents increasing power (measured in diopters) of a SECL when
measured immersed in the polymer gel used for phaco-ersatz. The left vertical axis
refers to the amplitude of accommodation (also in diopters) which is derived by using
a SECL of the corresponding power. The right vertical axis indicates the amount of
ametropia (in diopters) which can be corrected by using the respective SECL powet.
30  The plotted curves indicate the correction and amplitude of accommodation. For
example, when a SECL of —15D is placed at the anterior of (and inside) the ersatz
lens, it will correct —13D of myopia while providing about 3.7D of accommodation.

The same SECL when placed posteriorly inside the ersatz lens will correct 9D of
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corrected by using the respective SECL power. For exanple, if phaco-ersatz
Is carried out using polynmer gel with a refractive index of 1.41, then by
t he introdoot/ssn7 of the SECL with -10D of refractive powe€T/UStuera7287D of

nyopi a may be corrected with an 5 acconpanyi ng anplitude of acconmodati on

of just under 4D. It should be kept in mnd that_depending on the design
of the SECL M¥oRja W@kﬁﬁ%%ﬁlm%‘ﬁ? gEpseommeodstion. In ariditigne dds undszsiegdn,

etc), the repald RSP, S i 5Qj %Eig tb &Py blifk ROl
opti cal syste?ntt gS@I gr%plgil?t eb%ﬂéﬁrr%%tobe&gga?gne Etcg gc a(gPSZ tloécorrpensate
fully or paudondtself ifitora @ytindrical oonfigrratminitoalownt tolve passed dubiiglea i ndex of the

gel or polynmer. 1Q Simlarly, the |lens form.or optical. system ign of the
SECL nay be ‘&‘Pﬁ‘@Pg}?X’csopre?%ﬁ%?’Bfmﬁ%é FARI, _ le aNbf)HTa]t T‘%‘h ’gl?e gﬁét‘ort i ons
to enhange V@lcpaso DB 8o1E s RUWAR BhPe&Ed kAN iP@ail:c Eelt ;%@se‘d"tﬁﬂ%héh e

crystalline lens. The position (antefro/posterior) o e SECL s chosen to
control the capbdbibesiscadithénbaxprmted ind its lesigECEinals ope ovomfigutatiorin thage,

anet ropi a colrrect i (ﬁ]g, an%aiager ati.or][ ‘?ﬂd 15 magni fication control.

Ther ef or e i t *PSARTHEr HBREE ALCLHEEY 88t i nvention i ncorporates
significant syst eSir)]éclieﬁ)éérQétb o} Mighkht faftired Mey BEFlac&hd @6 keifhldfcs i n

conbi nation with the polynmeric gel characteristics can be selected to neet
the pati entembasided into sy substangsicd the HECk e Ecilitate gptical conteatiop jgad taggral i al

used in the SECL nmmy _be 2 t i ' 0, equal
to that lcg)]t‘ t%oé%oﬁ’t“i’%%lg%nénam%ﬂg‘? 3B '3“%8%?@%’1 %Q@ép‘?ﬁ?ﬂ/ﬁ%@%@? .tﬂﬁﬁfg;m%t

facilitates idigoafiiopingy ¢faké SECDmdydsd iht@poragedofFol beangie]two, fhade ataoe! e,
Fig. 7 shows the behavior of the SECL with different refractive powers
when pl aced thin lantiss (sr adthin hepte deirthmay be provided-ont the g ECALORBIS PYHOsEy cont r ol
its contributiongio PIYQ?P | alel S RHER Won. In
Fig. 7, the 25 holr:| Zg?ﬁcg ax@dpg%%tg%g%?%%%ncrggg% ng g%ﬁvevktr%rég%g%?% é]i n

di opt ers) of toahSed whkreametnmas coredtiomisatieaptédbyt dieripg rgfraetiveg aldexis bdcdnor
phaco-ersatz. The |left vertical axis . refers to the anplitude of .
accommodat i oPf RAPS BafVRERGIT¥IY CRpFRCEAD Pg'l&glp ilmnwecﬁ[@i ?}Efrmﬁ r%gE%ﬁIVSf t he
correspondi NGIROMEE postiRBrofidaBBfe MY hACED PrbsultaftdicEGhRDdathe -AiMbR as Pbor
anetropia (in |optgrs) I ch” can” be corrected by using the respective SECL
power. 30 Thas th¢ otigindl presbyepiciaydi Thus therpvadabitityodfiaoangaef refrpdtive dretlexdh

SRR IO LI SRR SRR Y
provi di ng abgbssdry! natheRGROSMBERA Sdtrection accuracy is critically dependent on the
20  accuracy to which the refractive index of the polymer gel may be fabricated. Note
from the slope of the line in Figure 8 that a 0.01 error in polymer refractive index
translates to a 1.67 D error in ametropia correction. This level of accuracy may not be
achievable in a physiological environment.
It is known that with over or under-filling of the capsule, while the refractive
25  power of the lens may be altered to correct ametropia, the accommodative range is
also affected. Over-filling, which is used to correct myopia, also reduces the range of
accommodation available. Due to the tensile strength of the capsule, there is a limit to
the extent to which the capsule may be over-filled. Hence, there is a limit to the range
of myopia which can be corrected. Further, a minimum volume of polymer gel is
30 required to maintain a smoothly injected capsule without ripples or warpage. Under-
filling below this volume severely degrades vision. Th\us, there is also a limit to the
range of hypermetropia that can be corrected. With over and under-filling, the

accommodative range made available is inextricably linked to the magnitude of

15



The sane SECL when pl aced posteriorly inside the ersatz lens will correct
-9D of 14 WD 01/85067 PCT/ US01/ 14728 nyopia while returning al nost 4D of
accomoda¥®onssobn addition, it is understood that the SEBLTUSOIpMesser abl y
designed to facilitate it being conpacted by being rolled wupon itself into

a cylindrical configuration to allowit to be passed. t hfough.a ..
capsul or hexianeEopEF ErEasHon fagatsty @emf%ghgrpr%spﬁq lé‘gﬁm’toﬁafﬁ’r gﬁoﬁftﬂ YOG The

SECL 5 coul dcogﬁegﬁ aﬂﬁtﬁogia%%iﬁ ’ihe%h'ﬁ%-giis?ﬁ RO Bt RUSRotdadbrsdll imphcibe

passed t hroug e capsul orhexi's an expahded into Its desifred, final
"open" conf itheiacdoimanodative ange laffoslableps theepossamgabee. i n t he i nj ected fl ui d.

Speci al targets of..aljgnment features may be placed.on the surface of, or
enbedded into the&’é@t}bgﬁg?g@eﬁatztWél%%prgﬁedpﬁe@i '?‘Ftr ot ﬁ@zi?{r%czﬁf}rat i on
and | atersal ilQexPOSthE LONir M 2hdr 4 BB RIct BinetcBfia BRfdducddboafddirhitaidns.f BREtUr es for

facilitating the alignnment = and positioning of the SECL magi/i be
i ncor por at edhe Emge@f amgirepiathap cart by ensregtedrip timited iy theraygilaliity(da rangein

haptic skirt e provided the SECL fqr .thi Lr ' . IS a
chart dermns%erl 5@%8‘“? ﬁjéigﬁ' fﬁ?lng’o eﬁ%cggﬁaﬂ%ﬁ%@%%n@éa Igl\glilgf; g(gljf%te(flg the eye
when armet r opirRicaRy HESdneRt dnSh@idcariy estwhichadel RifiabGve @l&a6dn Bedabricheed. |1 n can
15 be noted that,” when a nyopia correction of -10 Dis atjterrggled by

[

al tering refhaerrpyel §.0tixa geliod refnstivesindgx & 80 cay eausgjap cHasinrefagiver esul t ant
ti - al t . sl ' . Thus, th
ovaranith tyFogecBof Bhap o RARly LID (e FRh ' MR RGN ERLENGHE, JTCN

not be feasidlaiohsiapbatweeh yerinctheof Shetsopsd evtchenibiy gnditke rangeefsary.
Further, the anetropia correctjion_ accuracy is critically de,pﬁndegt on the

20 accur acy aceommiasatiemaiiordeq xoe Hig 9)nhig Tasans Hivt Byrysrepsiger! i to
fabri cated. : . L A ' | :hat a 0.01 error
i n pol ynmer rﬂglglﬁ g@?&éﬁ%ﬁg&g&éé %érglg[ﬁag]ft gftsggic'ltl%ﬂgaﬂf@é)gh%égﬁ?%ahpﬁ anetropi a
correction. Thi s Thv8EChfof#iempresaatinmentionowillsapplasienethe bdfmctive power of the

physi ol ogi cal environmané\.‘1 t is known that wth over or un(tie =filling of
d heiceac) 8 L

the capsidl e, PRARP1CES 42 8N§ thereRy Rl the eyl RE CAETEHEL| tered to

corr ect._anet 0l pia LRRIARSATRDER ok 808 rdising MROucRbRGUBthe 1ONES of 1111 g,

which is used to“correct nyopia, also reduces the range of acconmodation
avai | abl e. Dhe eyo(asieayt exsi ifemstropindg ¢oresictedtselebnbs virgingttheregraptivesinde®i t t o

e S SR B YT RS S R 9,2 Lo
of pol yner g@lallyScorrect astigmatic refractive errors by selecting a material for the SECL having
20 the appropriate refractive index and lens form, or optical system design, along
different meridians, and by controlling the SECL’s orientation within the capsule.
Similarly, the present SECL, by the appropriate choice of refractive index and lens
form or optical system design, can partially or totally compensate for errors or
variations in the refractive index of the gel or polymer. In addition, by selecting an
25  appropriate refractive index and lens form or optical system design, the SECL of the
present invention can partially or totally control the aberration of the eye at near and
distance viewing, or provide suitable magnification or controlled distortion to
improve vision for a range of visual defects (e.g. amblyopia, visual field defects).
According to one preferred embodiment of the present invention, the SECL of
30 the present invention has a lower refractive index than the polymer gel. As shown in
Fig. 1, the SECL shown therein is a convex lens form. Given the convex lens form,
such a SECL will have a negative refractive power when located inside the polymer

gel that has a comparatively higher refractive index. The surface profiles and
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30 required to maintain a snoothly injected capsule w thout ripples or

war page. Under- filling below this volune severely degrades vision. Thus,
there isvbso8zm6timt to the range of hypernetropi a that PCRUSOI¢14¢28r r ect ed.
Wth over and under-filling, the accommobdative range nmade available is

inextricably |inked to the magnitude of 15 WQ 01/85067 PCT/ USQ1/ 14728
amet ropi a cdPIckBESS O sudy Jfetletare ‘Fﬂé’}‘léﬁeér(%?epﬂrkgemﬁ?‘é‘gé]?ﬁreﬁﬁ‘%ﬁé‘f‘?tlp [es ‘ffdﬁet he
first tine i it 3 af t does
ot adver sel S5 kaad meAfREARL Atk b Bl e ARSGIRLSH ¢ 8 DECEgRon Bt

post - sur gi caits effeetivé\powert dit ¢herpactacle pkat is ayuakiorth¢ patiept'ostatd wf exyopiane
reliance on (tLthe refractive.5 index. of the eldor gool ner. to correct
anetropia in ’rVSHG_cPé“énc_él ; afqnts F‘é’PP’Gr??tf_”r?irlFl_ © OS5t ?’é‘fﬂ@z CLEC B pi a t hat
can be carreghedniodalibdbt @6 Rayen%,hﬁe arelliahbdifidnéd afjaderdt 30 ER pRbterioe!
refractive index. Second, the accuracy to which anetropia nay be corrected
is criticaldapsWepemntientFignlc irel BigclUfaexplavatign)ch gel refractive i ndex can

be fabricat ed. errgr of 0.01 in a.gel refractive in .1, 39 ca
cause an error i nipermSEmystcapeds 3RS, S PRmidma e et
8). Third, tiemeed fldaionarfeRuREal the SEEL. Bisdhihe nikRhived pidjRrityfiiie of
anetropia correctable and the rangfe of _accommodation afforded (See Fig.

9). This mea¥ECLhlraludips e slasticapedilug, tspsiie sirengih nd Miagilitypspressleciadit have a

resulta i nsuffici . f -1 0N 1T f pr esent
i nventi gtr(\) Wi ﬁOwsﬁop;%%%%@@?%%%%ﬁ%%rm%tﬁggﬁ% %L%gl o-ersatz lens
(and hence eyglarthoreiSye Epabb)y. Nkhid pemitehd SEOE tebe imtwdackdfiato thaoaisulapi a

si mul t aneousl y, .and w t hout conprom sing the gccommdati % rantglg of the
eye (as nmmy RHeci? thersamesapyinrieismade dudigthe o ?@rVS%E/PKP&P‘;Fﬁ&” ut

refractive ipgdex.qf, %ﬂﬁi@%aﬁﬁﬁ&}m&ﬁ@or n-gg'&fngcd)&.@ate LAGH sfbrhbR€. Present

i nvention can partgl al y 0 otally correct”astigmatic refractive errors by
sel ecti ng a $&bad,alerd-gostthier fo&ilionhwwifitige SBCL keriag pnplputative waefacditsted e
index and lens form or optical system design, .alon di fferen r.i di ans,
oy s T sHang R anai gyl ng g BReRT meseig Sy PR teprtyi 2 Ring, T
the present i%%tatmﬁ, Wen AR08t 81PhE Q@iﬁ.@p@ﬁtidrﬁftﬁm&y Qoulid@¥p did thens

formor optic system design, can partially or totally conpensate for
errors or vasterior positipmwitheutradditiaoaliyweompliteting manipulagien oo thegesriefthe | n
addi tion, by sel ecting. an 25 appLropria refract.ive i.ndex.and |l ens form or
optical systBeE ﬁﬁ,ﬂlgt E@ EE&R@’FP?WEE ?6[51? gggﬁ?mp%ggﬁﬁg Tplen Lplé?nt’iﬂ%ﬁ ly or
totally contgmtL tphereABR Ka8histilesdt alibfmenaamttshfamaakintegrated into the

20  SECL. These features are visible through the high power surgical microscope and

assist the surgeon in achieving the ideal lateral alignment and optical centration of the
SECL (See Fig. 1¢). These alignment features, or targets, may be embossed, molded,
etched or laser scribed onto the surface of, or embedded into the substance of the
SECL to facilitate optical centration and lateral positioning/alignment of the SECL.

25  Since these features may be made very small, and lies near the exit pupil of the
patient's eye, it will not affect visual performance.

As shown in Fig. 1b, the SECL is introduced to the lens capsule preferably
through the use of a cannula having the appropriate diameter, (preferably less than
about 1 mm). The cannula should appropriately grip the SECL in the compact

30  (rolled) state and assist in inserting the SECL through the capsulorhexis. The cannula
should then appropriately release the SECL in the desired location within the lens
capsule, into the polymer gel.
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di stance viewi ng, or provide suitable magnification or controlled
distortion to inprove vision for a range of visual defects (e.g.

anbl yopi ayovi/gwel field defects). According to one preferpretdusnbadisnent of
the present invention, the SECL of 30 the present invention has a | ower

refractive index than the polyner gel. As shown.in Fig, 1, the SECL shown
therein is a convdl f‘Eﬂi@raP&e CNF PR f@q{geégﬂ\f@hqag%thp@ﬂlgpmegm a SECL
will have a bV i I L NS gel
that has o CRRRRTIET/IR SREL n RANGEpNARD. rof Sl Al TheOF Pl uBRIITRE . Sne
16 WD 01/ 8506y R prouiRd /oh4F28ECL iorcthisgnspast. dmotheS&E@nplaisehe asecafl aathiad

(keeping in mnd the refractive, indices of the, SECL and. the injected
pol yner gel ,haRAg skifidhatmay begauat ‘?r&ﬁﬁﬁ Y §paligydn é‘é@_e}erél??@&h? ﬁ%ﬂam‘%‘z’?s

effective pawgheRt of A8 cARAAIRILS iRiANLCIHmBEHAE] sthie. FIE 103hoRak SECE M0e of
nyopia. Gven a particular patient's nyopic state, and the desire to

maxi mi ze t henrthagefolled positcwharsegithiresmhaptics 2@2, 364,280t Thisemigdanentds

For expl anac bt et paffERraor SRRt or g reR ple oy e
i nvention i sehack id drleRtbodlatiSHCIR cafl Bk ukaalvidedfofigsnahbérhef . First,

t he mechani cal properties of the SECL including its elastic nodul us,
tensil e str eflegsh, anddhyf thaiees” maydes anysusead skape b cafigkation- conpacti ng t he

oy Thi 0 por m ¢ oh e by gl o B I ey ERLARAE bR LET 1D

sanme capsul onhesitinRie gebidtig of heitphaceiabpwptiziegnodeddugngv t hout  wi deni ng
t he exi sting capsul orhexis, or needing to create another capsul orhexis.
Second, ant exc6oBBWdator positioning of the SECL during inplantation was

facilitated i i 1ng 1 f Ik G vity than
t he pol yner %% %ﬁf‘% %%dogg?r%quﬁsglg{) lle%%r}gr%%r{r%, %E%H?%cg{ﬁlﬁé%rtﬁpﬁgéni% Irtlr%%rﬁ(gelasupi ne
posi tion, thssShEClr wonconv@nidgnail nptical bysterpomtadingrbuposti limived o Hrbanet,
additional l y_conplicatinhg nmani pul ati on on the part e surgeon (See
Fig. |c)l> Toiffractivepr gglgg@?mlc QHECSpSgﬁdﬂfin&Fﬁ%“&%nnd%&it’we%tﬁ?‘ag? YH. the
SECL prefer : | | RES Gn ke hidetgFarated into
the 20 SECL. é@%ﬁ)lp ggt? g{egéste{?{ehe@i‘iI?%l e tﬁ%%gogﬁt%ﬁ%ﬂhi%%&lpomr sur gircal
m croscope amdterials sylgch arh dighar then thd surmuhdieg imedia foetheddAIL,loae pegiculatlygnnent

and.opt1 ol CoRn ol B Becr SECCShiElor b RS FRAET IR 8E oo
the surface @f suRbufiEiedeas, drit@nibightulFcampencdis wil€higher and lower
20 refractive indices. In addition, by using the appropriate optical design for a SECL,
variations in the refractive index of the phaco-ersatz gel may be compensated for,
such that their impact on the resultant ametropia and accommodative range may be
minimized or eliminated.
The refractive power of the SECL is selected to provide the appropriate
25  amount of refractive power to correct the ametropic eye. The refractive power of the
SECL is chosen so that in situ, its overall effect on the refractive power of the eye is
equal and opposite to the ametropia of the eye. Thus in this description of the
invention, the refractive power of the SECL always refers to its refractive power when
surrounded by the fluid that is introduced, preferably injected, into the lens capsule.
30 In this way, the SECL can cotrect ametropia while allowing the primary procedure
(e.g. phaco-ersatz) to produce the accommodative range. The ametropia correctable
may be spherical or cylindrical power or a combination of both. Prismatic power may

also be incorporated in special cases.
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SECL to facilitate optical centration and | ateral positioning/alignnent of
the SECL. 25 Since these features may be nade very small, and |ies near the
exit pupiwoofsiohe patient's eye, it will not affect visupCT/psof@rsance. As
shown in Fig. Ib, the SECL is introduced to the |lens capsule preferably

t hrough the use of a cannul a_having the agpropri ate diameter, (preferably
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01/ 85067 PCT/ USO1/ 14728  Stjll further, other .ces . or features for
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pur pose. Anot'her exanple is’the use o In haptic skirt that nmay be
equal or slight! yPsfmiblerthé effettixereefeactivh powethe theydBECDS ciosen &b taktiwer of t he

crystalline l.ens inits co dated state. .Fig. 10 sh a SE O in
Che unf of decPiBlols PYsAlL RIGH R ThHEBRCHERIMEC 055 Ly Bt CHRPS TRt rrent
is thought fegdfiAGndioplarURt &yEavRRSIHdLRBhE theWhhé Ler8@Xe hidR8uwRd Taks fror ce
outwardly on the lens. It is understood that SECLs can be used havi ng

di fferi ng nutisedescripftionandthecinventiogsthe amsitopiaad therrye alveays refeestorts pasly usef ul

shape or,conf.iguratijon Q Al t hough £ e ntial feguj-renen he SECL
may be ddsi g c,>-egatzhrgpa%97e “Hahi u%f)%ﬁ%ﬁsﬁﬁ‘s Shgglg%rgta}"ﬁ‘e gﬁb ycrgi%t&sm?métt eri al

properties, dfetfdpxwHilE hiGvind EeFTRASH Prédedurkhe. g SEako ¥Bat) @0 provideahe @ si npl e
singlet lens, a conpound lens, a lens train or system,  or non-conventional

optical systaseemmedriivd legedutharseetiapi ewtpctablennasbrspherigal ogicylindiicel ipe or
hol ogr aphi ¢ SrT3ea n@%aﬁ{b% o“f%E%‘fffdé‘égec'ia{l%ﬁéés(ﬁﬁr!{#aﬁlhc WeEOn @ any

conbi nati on ese. er, conventi o esignh may naeke use of
mat eri al s whingbrparatedni THeesforehae ddvantape 6 Dusiehi NSEGE i aorhbihatibrewBk@e one
particularly useful variation of the SECL js to use materials _of a |ower
refractilve | PRIEXCEIFEOTSHY aréflrgl‘fqliér%cﬁii‘t‘r%ﬁdjpﬁﬁnwgali‘eé’}ls 6Preeto8M8i nat i on of

ComPETLS i ety Fp S SR sl el
refractive isndgxkalgfro¢dderephaco-ersatz gel may be conpensated for,
Additionally, aberration control may be built into the optics of the SECL. The
optical performance characteristics of the SECL may be designed to eliminate,

20  compensate, control or enhance the aberration of the eye. Since the SECL is endo-
capsular, the aberration characteristics may be designed to change with
accommodation. For example, it is known that a shift in the spherical aberrations of
the eye occurs when it focuses from distance to near which is not correctable by
conventional means. Due to its endo-capsular nature, the SECL may be designed to

25  eliminate, compensate, or control the aberration through the range of focus. The
SECL may be placed in any position (antero-posteriorly or laterally) within the
capsule in order to tune its characteristics, behavior and performance.

The polymeric gel as well as the SECL may comprise additives to enhance
their optical performance. For example, any of a variety of tints may be used with the

30  SECL and/or the gel. In addition to alignment marks and targets mentioned above,
the SECL may be given a visibility tint to aid in its installation and positioning, for
example, during surgery. For example, an optical tint (e.g. hawk-eye' style yellow-

tint) may be used to enhance visual performance. For radiation safety, a UV-blocker
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such that their inpact on the resultant anetropia and acconmodati ve range
may be mnimzed or elimnated. The refractive power of the SECL is

sel ect ed WO Ops:m97 de t he appropriate 25 anmount of refracti PET/POUNI7180
correct the anetropic eye. The refractive power of the SECL is chosen so
that in situ, its overall effect on the refractive power of the eye is.
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may al so be incorporated in special cases. 18 WO 01/ 85067 PCT/ US01/ 14728
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of the SECL is fromabout 0.9 to about 5 1.5, and nore preferably is from

about 0. 95 tdesignedto acta5a vRlve it apesptes ime siafifag sranner tp an MEeViapd/opémer of t he

SECL is osen sp that, .in. Si.tuU...it er al | fec t tive
power ofﬁ?hepré)%f%igg{]‘ée&]%lgfmgﬁ&%% 8 i?%gct/dgmf}hgn g%cggsl éch,?gﬁ ela?q P Jrgtg’%l[a of the
eye havi ng up@eideanetteperiphas of HeSSECL fy emituhanipulitith éfithe pbitisn d€der i pti on

of the invention, the anetropia of the eye always refers to its post 10
phaco- er sat zM{eY peesentwdthin thercapfultout the SECL. In this way, the SECL can
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to provide the acconmnd I've range e anetropia correcta
spheri cal or retatitiondystealthat dperatess a sintilad nennty thah MO Vothetabtylfacilating eci al

cases, prisnptic power can be incorporated. Therefore, on dvant age of
usi ng a BECLI§FHEB ﬁﬁhﬁg@%e‘iﬁi‘@ RORReT %F pﬁé%‘bp‘ﬁﬁ’%’gt%t@iﬂs g}cﬁfq%é? a SURYF cal
procedures | ' 'IB@aﬁ&ﬂ‘rb‘i GO Pefif 8f the 3T, BRI} Hivolved
significantl ?/asg’%%lﬁﬂ??lﬁg t he raenge o? ellf():l%gymmdgti on restored by Vt()klvg
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optics of t hg) SECL. The

It is clear from the above description that given the variety of optical and

20 mechanical features and strategies available to the SECL, the parameters of the SECL
can range widely. However, Table 1 lists some preferred specifications for

parameters of the SECL to provide guidance and illustration.

Table 1 sets forth specifications for preferred parameters of the SECL.
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The upper limit of overall (or haptic) diameter range of the SECL is

determined by the diameter of the accommodated crystalline lens. For some designs,

allowance must be made for the decrease in equatorial diameter of the ersatz lens

during accommodation. Furthermore, the design of the haptic and the intended

antero-posterior location of the SECL would influence the choice of overall diameter.

10

For example, if the SECL is to be positioned posteriorly, the overall diameter would

need to be decreased to match the “equivalent” diameter of the accommodated lens at

that axial depth.

The lower limit of optical zone size range of the SECL is determined by the

pupil size of the patient. For example, older patients tend to have smaller pupil

15

according to the pupil size.

diameters even in dim light. Naturally, optical zone sizes may be customized

The SECL must be sufficiently flexible to be desirably compacted (e.g.

rolled), and so as not to prevent mechanical accommodation of the ersatz lens. This
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case, a suitably located hole in the periphery of the SECL, or in the nore
I nvol ved design case, a small butterfly-type flap in the periphery to act
as a val woo(/&®e7 Figure 2). It is clear fromthe above deeTUSQi4028 t hat
given the variety of optical and 20 mechani cal features and strat egi es
avai l abl e to the e wi de
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Y Mod 5_.KPa

oot 14 Zone. R RER cpreRepritis gy s e e 8 Bof et B tERF e one
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nm- 1100 nm) UV Transm ssion <5% <2% < 0,5%5 The u limt of overall

(or haptic) mdamm@aqhefﬁg@f@ﬁtl@m@rse@zu'ﬁ%of qﬂeWér-than@@?rgfrqcﬁée idexells of
t he acco Ll esi.g I 3’1‘?1’3 t be
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accommodat i omﬁaﬁdrttdmemtﬁsibﬂltytolﬁﬂaMIg of the prdsentiapdntiondsprovivied ithpernded
ant er o- posteri or I ocation of the SECL would influence the choice of overall

di amet er. 107oH8Rl laseasYREY- i f the SECL is to be positioned posteriorl y, t he
e e Lo E
opti cal zoneazbmenadatigreodn ¢yechbySheinjectiodelf esnitabdeimbieriahimto the capsule (such
15  asthose taught by Parel et al., 1981 & 1986, Haefliger et al., 1989 & 1994).
However, according to such methods, while being able to restore the accommodative
range of the eye, it has not been able to simultaneously correct for any ametropia
(refractive error) of the eye.
Two strategies, as part of phaco-ersatz, have been touted as being able to
20  correct ametropia: 1) being over or under-filling of the capsule, and 2) altering the
refractive index of the injected material. However, when these techniques are
employed to correct ametropia, they also alter the accommodative range afforded to
the post-surgical eye.
The SECL of the present invention is a device that can be introduced during
25  phaco-ersatz, which can correct ametropia while retaining a clinically useful amount
of accommodation to the post-surgical eye. It achieves this by supplementing the
static refractive power of the post-phaco-ersatz lens without compromising the
dynamic refractive power (or accommodative range) of the lens. Currently, for
ametropia correction to be effected without affecting accommodation with phaco-
30 ersatz, the patient would need to resort to conventional devices such as spectacles or
contact lenses, or an additional surgical procedure such as LASIK or PRK. However,

the traditional forms of ametropia correction (spectacles, contact lenses) are not
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pupi|l size of the patient. For exanple, older patients tend to have snaller
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flexible to be desirably conpacted (e.g. rolled), and so as not to prevent
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for the SECL I's dependent  on the refractive index of the preferred pol yner
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transmssibility of the SECL of the present invention is provided to permt

retinal | asepowarforeoyrecting pmeirepiaisrravided by thel SEEe And ijunade@ypidable grtbat 2)

exi st for,restorin h t. f b anj i
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such nethods, while being able to restore the acconnpdative _ range of the
eye, it has estizobeaidifinm singe epina single sigicyl ensrationt(phase-casajZ Fopi a
(refractive rox ) { , r.at egi t 2.0f ~ersatz,
have been toﬁ%eggd’gggfgg J%gulg%sf‘aep epgﬁne}ﬁf r%orrﬁ%g]é%? a%%eggcrgi tzlilgs aig??\sg over or
under - f il | i neffeative bed sapsedadce-five c@npatd ®rspagatlbg conmttrlandes wad lasatex of t he
injected material. However, when these techniques are _enpl oyed to correct
anmetropi &t FEpCUYesHIgaty-evhilgexresieg Rt 15 ‘?‘Tg}’@teé‘f“ﬁgyg‘g@' %I‘Bglc?lhe
post - surgi cal, egé{ﬁmS.The SECL of the present invention is a device that can
be introducedp uring 25 phaco-ersatz, which can correct anmetropia while
retaining a clini Balileyhepematy mmpasetof phaco-ersatz or similar procedures is to restore

accommodation in the presbyope, a large majority of such patients also possess
significant refractive errors (ametropia) that requires correction. The phaco-ersatz or

20  similar procedures by themselves, as discussed above, are not able to correct
ametropia simultaneously without also affecting the range of accommodation
delivered. Therefore, the application of a SECL by its introduction into the capsule of
the crystalline lens during the phaco-ersatz operation would make the surgical
procedure for restoring accommodation truly attractive to the ametropic presbyopic

25 patient. In addition, the SECL is capable of simultaneously controlling optical
aberrations (e.g. spherical aberrations) or modifying magnification or distortion to
further enhance vision for the phaco-ersatz patient, for example, during surgical

restoration of accommodation.
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of accommodation to the post-surgical eye. It achieves this by
supplenenting the static refractive power of the post-phaco-ersatz |ens

wi t hout owopr/ewssi ng the dynamic refractive power (or acROWISUt4728e r ange)
of the lens. Currently, for anmetropia correction to be effected w thout
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wound was then closed with nylon 10-0 or

20  9-0. Neomycin and Polymixin B sulfate drops (1 drop) was placed onto the ocular

surface of the eye.

EXAMPLE 2

25 In-Vitro Method for Verifyving the Efficacy of a SECL in Correcting Ametropia

Without Significantly Degrading the Accommodative Amplitude

The instructions outlined in this Example present one method by which the

optical efficacy of a SECL may be demonstrated in situ. It is understood that a wide

30 range of optometric measurement methods may be used for the same purposes. The
method described here is chosen as it involves only simple componentries.

A working SECL would typically have a diameter sufficiently large to cover

the entire pupil of the eye in most illumination conditions. Further, individual eyes
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procedure for restoring accommodation truly attractive to the anmetropic
presbyopic 25 patient. In addition, the SECL is capable of sinultaneously
control | wgoogtoszal aberrations (e.g. spherical aberratipaspysari4msdi fyi ng
magni fication or distortion to further enhance vision for the phaco-ersatz
patient, for exanple, during surgical restoration of accomodation. 23 WO
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then i d (I oaded with -rolled SECL) th h the..
i - capsul orEsraty RrEBern s AL e i S 2RUGO N PrRT el o
The SECL t hegeonf ofif@0ihis edPolid £8P sdPrehRXhs oﬁﬁéa‘l%eﬂt‘énﬁd&@)of‘éﬁ%ria'ﬁ@fén@' aced

across the capsule Oé)énl ng. A polymeric gel was then injected froma
cannul a t hr oughouteSEGhs (he r¢resinderaidhe fems veomld 1eprpseridhe apiécal ppidprmance
necessary, t el s then sslinnked using an adequate |ight source and
l'i ght sidur c‘gea&%rf%wf%}swt%earﬁ(g[hﬂm&lﬁéh applicable, the MCV was renoved. The
corneal wound wa@pton@sers FrSechsivingdthe Yefeartilo stedst aaly8 nfhkeNe© 0¥ therentir]

Pol ym xin B sul fate drops Sl drop) was_placed onto the ocular surface of
the eye. ExAwpLEady 2be |etiva)tpupil\viie@d thereyger Asyiuply iths Efffquiiatoy mseswge SECL

in Correctin t I3 \y el -%‘%l P%%r I b ﬁp&ﬁ tive
Anmpl i t ude Th‘(%p éﬁg@t& @%t‘?pglﬁéy%%@%ﬁ%g&n&%hl S I'Ex}‘[lgtrrp e@%:p g%gn'? ?eg'r?gcrret %% by
whi ch the oOlghs.c AnyehtastusayenodintendsBGh demonieatel eindisferante detweeni SECL lahdi s

understood that a w de .
exposed ersatz lens area must be able to measure power across the pupil of the eye.

One such type of instrument are those making use of the Hartmann-Schack
method. However, these instruments are relatively expensive and necessarily
complex due to the need for “high end” components such as a micro-lenslet array. A
less expensive and more straightforward demonstration of the efficacy of a SECL may

20 be gained by an in vivo preparation using an animal eye model and transmission

optometric measurements using a reduced-diameter SECL.

Procedure:
s Select a suitable animal eye model (e.g. rabbit’s eye).
25 e Select a reduced-diameter SECL (RD-SECL) whose diameter is substantially less
than the diameter of the crystalline lens (and preferably pupil diameter as well).
e Conduct a phaco-ersatz procedure including the RD-SECL and MCV as described
in the previous standard operating procedure.
e Upon completion of the phaco-ersatz procedure, prepare the eye for mounting in a
30 lens-stretcher apparatus such as described in Glasser & Campbell (Glasser A &
Campbell MC. Presbyopia and the Optical Changes in the Human Crystalline
Lens with Age. Vision Research. 1998 Volume 38, No. 2, pp. 209-229.), or
Pierscionek et al (Pierscionek BK. In vitro alteration of human lens curvatures by

25



30 range of optonetric neasurenent nethods nmay be used for the sane
purposes. The nethod described here is chosen as it involves only sinple
conponentw® es85067 wor ki ng SECL woul d typically have a di anerCeUSewf4isci ently
| arge to cover the entire pupil of the eye in nost illumnation
conditions. Further, individual eyes 24 WO 01/85067 PCT/USO1/.14728 ~woul d
differ in thei radighstgichivg. Bnstimsy %Ey@@&qr%@g, g’&é%’tﬁ%ét i'f%]]{r’ft‘:@?orl?ki s
extrenmely diffigult a ' L IRAELd nS! ple e gk erence
in optical per dré%ﬁ%gdt{d?@@gg%fx%% angggégggdrﬁ%eg%tl n) of fegost-er@atz

| ens agai nst aRessirch 8995a6¢: 32683 2)hind herabwog Hescolsd, ais SRChl ionplantissued
Therefore the sinplest dem)nstr{ation ?f a SECL's opti cal rmance i s by

f
using a " r educ Basteriefetls equaierpt the e (G CWHC dELTete Pa,wggteﬁglgqp?qr@ﬁ ed
ot 1l et o i gl gy gl dgy s e

neither iris nor hi's expose s the opti cal
per f ormance of nsaswimathe pbwershrovigh diffdres pBEClocafitues (i.ermsitmddhe BD-8F@ELI ens

woul d represent the optical formance . 10 of .an ersa I wi-th a SECL
i npl ant. Qpt on®f giside dhe @a%ﬁ)n RW“F‘@FF_&WWQ%QE{V@H@%Z%& iﬂﬂéyéﬁ’f?ake use
of the entire, (o {Oh {DEALY ¥n HREFRBIIE Et%]ifep elprdbBt @mhbely Y& inASstingahe |t

Is difficult to" measure separately the optical "perfornmance of the SECL,
and t he "exposdéguresfeatroioninaldelsstiopes. | ens. Any neasurenent intended to
denonstrate the difference between SECL and 15 exposed ersatz | ens area
must be ¥ble to measure power across the pupil of the eye. One such type

of instrunment areptigafrafBkoihe ¥pBclipetbBindirE bR Mis Sahasid wiRiulbSECLHoWeVer
these instrunents are rel atively expensive and necessarily caonplex due to

the need f orexehigh agfadlowsanpdhshated suFigsabl-H nMeppremendiofersaizriens. A | ess

expensi ve and. nor.e i f.orward.de kak) Of RS SECL
may 20 be ga‘f"ﬁg%lt@;ﬁ%a(?ﬁ?’%{%ﬁcv%\&%d gtﬂ)(g} llag?%?%?\ lsﬁstshf)ﬁ'g 1§§1%E?hgﬁéeye irl%lgettﬁzﬁzand
transm ssi onen®PIEHEh theCRDESECL 23ERIskretehed® dmubtiiebsted bevvainesdaBbtby

Pr ocedure: Sel ect a suitable animl eye npdel rabbi t' 25

Sel ect &5 ecnpbtingeasiopds tseys sRIShECYj el de Qﬂ(llgﬁ‘?gﬁé@ ﬁpa}réne.lﬂz%t%etﬁ%i ally
T L
and MCV as descwilbesldirected through the portion of the ersatz lens 230 which is not covered by
the RD-SECL. Hence, its focus 240 will represent the power of an accommodation-
relaxed, ersatz lens without a SECL. This can be measured by placing a knife-edge
20 242 at the focal position 240 and observing the entire optical setup using a suitable
observation system 244. The appearance through the observation system 244 when
the knife-edge 242 is set to the focus 240 of the relaxed-accommodation, ersatz lens
without a SECL is shown as 246 in which the outer pupillary region 248 marking the
ersatz lens without a SECL will be seen as neutral (suggested by shading of 248). If
25  the RD-SECL 232 has a positive power (for correcting hypermetropia) as in this
example, then the appearance 246 through the observation system 244 will be an inner
region 250 marking the ersatz lens with the RD-SECL 232 having a dark upper field
and a bright lower field indicating relatively positive power. The reciprocal of the
distance from the focus 240 to the ersatz lens 230 is the power of the relaxed ersatz
30 lens without a SECL. We shall call this quantity F1.
Measurement of ersatz lens with a SECL and accommodation relaxed is

shown in Fig. 12. The mounted ersatz lens 230 with the RD-SECL 232 is stretched to

simulate relaxed accommodation by applying tension to the lens stretching system
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In the previous standard operating procedure. Upon conpletion of the
phaco-ersatz procedure, prepare the eye for nmounting in a 30

| ens- st r av@hessoappar at us such as described in dasser & Caapbsdl14(18 asser A
& Canpbell MC. Presbyopia and the Optical Changes in the Human Crystalline
Lens with Age

Pi er sci onek % ﬁodﬂ%gﬁﬁig?ergﬂ@(h@]?%%g o ﬁ}emg J’iPst‘l%’Fe&Yefiéwoth 2%%%‘%?2‘@1%% o
curvatures bys;25ry %@g@%ﬁ cgﬁﬁ)ﬁg %@g%@gﬂg@&re&m gﬁttﬁeeﬁ&tlbﬁ‘gf the ersatz

Experinental Eye 635, and Pierscionek
Age-r el at ed lees?thwhichfindludeathd RBsIECE 233t HeteshitnfpchoRibwill Eppascmtrth@t al Eye

Research 1995, 60:. 325-332 and renpvi ng.the cornea,. ditls ocul ar
T ecnee podtuierar af goamuntdniar oSt bisaldbm T SRE G sH nERS b T
posteri ors schefsredycplaciRg a kaifé- @@gel msat%er ﬁ%ﬂ%ﬁltl@ﬁ&@ﬂ ahd SbseRAA: BR
optonmeter system whi'ch i s capabl measuring the power through d|fferent

pupi | | ocat i emtise thlcal sakiip hing & hu;tahb SEQation systens 246 ThecapRERrSERE] through

Foucaul {kni P OBE R el 2 et Y freddbe 2 R e T 2B o of

astronom cal refaRb@a6eRRB0datdn REERA Rk HithSEEL ﬁmoemtasczas upezhfcﬁrmamapf a
lens with and without SECL is executed as follows and illustrated in Figs.

11- 14. I\/Eas urupiiasy region 2 shmarkingthe eypizleny with s SECLawdl becsespravaitiabn r el axed

h CL 232
!sts rotohdd t s%g%uﬁjeétbé’ Sﬁgl gfqﬁ%cgﬁ?‘rggbt SE@ESB%%% %"%‘ﬁwg tensﬁ)ﬁon to tlhz
| ens stret cmdﬂ@cﬁughﬁparala&oplmslm 514 emxﬁpia,rthéﬂmb)apbeagdﬁce fAd6ugh them t he | ef t

is directed through the ersatz | ens 23 nore peripheral |ight rays
238 will be ehspvatiersysim adh wilhee ﬁbwt%wwhe{aﬁéeg&%%ﬁozmﬂr@ﬁsg thagrsgiilens | s

not_cover ed Mo, fiithe ah@ﬂﬁqﬁeﬂfleﬁdgﬂ&%ﬁ%ﬁgﬁloupgb fieli SRGeRRR! the pover

of an accommobdat i on- ersatz Tens wt I s“can be
nmeasur ed by melaticelygnegative fosveeddbe RQipRdcal af thehistinme zﬂonptt&lfbws 5240 thend

e v 18, e SR by S AR B P o A
242 is set t%}_ahﬁg, focus 240 of the rel axed-accommodation, ersatz |ens
wi thout a SECL 1S shown as 246 in which the outer pupillary region 248
marki ng the er saMrartvemenMOE khwaiz lensSEdiovhi ISE eandlgsporamodeiianrexert¢d isggest ed
by shading th0\2V£I118121 Fi 1g 13 The mounted ersatz lens 230 with the RD-SECL 232 is allowed to
relax to simulate activated accommodation by removing tension from the lens
20  stretching system 234. Collimated (parallel) light 236 from the left is directed
through the ersatz lens 230. The more peripheral light rays 238 will be directed
through the portion of the ersatz lens 230 which is not covered by the RD-SECL.
Hence, its focus 262 will represent the power of an accommodated ersatz lens without
a SECL. This can be measured by placing a knife-edge 242 at the focal position 262
25  and observing the entire optical setup using a suitable observation system 244. The
appearance through the observation system 244 when the knife-edge 242 is set to the
focus 262 of the accommodated ersatz lens without a SECL is shown as 246 in which
the outer pupillary region 248 marking the ersatz lens without a SECL will be seen as
neutral (suggested by shading of 248). If the RD-SECL 232 has a positive power (for
30  correcting hypermetropia) as in this example, then the appearance through the
observation systern 246 will be an inner region 250 marking the ersatz lens with the

RD-SECL 232 having a dark upper field and a bright lower field indicating relatively

positive power. The reciprocal of the distance from the focus 262 to the ersatz lens
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25 the RD-SECL 232 has a positive power (for correcting hypernmetropia) as
inthis exanple, then the appearance 246 through the observati on system
244 wi || weogssosnhner region 250 marking the ersatz | ens nCTASeR7RD- SECL
232 having a dark upper field and a bright |ower field indicating

relatively positive power. The reciprocal of the di ce fromthe focus

240 to the efP¥df theRayeer pithe; @cq%@oe,%esg?rsw?ﬁznﬁawref&uaaéﬁégr e ﬁhagfchﬁéh@

wi t hout a Sﬁﬁaﬁﬁ $hall call this quantity Fl. Measurenent of ersatz |ens
nd ac

with a SECL comodation relaxed is shown in Fig. 12. The nounted
ersatz | ens 230 viMehsurdreerRDf @Y 1&B3viitsa SECEtand @dcdnomodstionleaerted isl axed

accomodati on by .appl ying . tension to, the S.str | tem 26

01/ 85067 PCHIORHIR Tgdd. Thezmo w@alsas#%ﬂw&ﬁft@eéﬁﬁ%ﬁﬂ%%@aﬁw}f& | ef t
i's directed bkqy gl a8fivd@ack&fod2dsh by RendVBeR88Y frat thé At rays 252
wi Il be directed through the portion of the ersatz |ens 230 which includes

t he RD- SECL st@fhingssystsm 234 Gadbmsteddparall¢l) light P36 seom thetelt isghigetedof an

cccomuratl et oh €0 5135% | HEnbACL DR T Lt SRR RIS

entire opti Gab pSRicHRI MK &eatRlenl D@ hihahaadssahé RD-SECL @82 2#nce] ite focus
appearance through the observation system 244 when the knife-edge 242 is

set to the fiduxilbspresentthapovres ohrraccaprpparirdarsahlensingliding &PBCl tthisa SECL

is sho as 2 in | the.centr. LI L ar 2g:the

er sat zwlqé)ns %gt%ﬁ r%eag@é{é%\xjal?m%%{elgelﬁed sli%g&k ﬁlg?fo%%%égﬁ%%g% @@f%ﬁ%l ng of
258) . If t hah&ehiokCptidd3ctipsising pGaitibly ebgeovigion faem 2ddér The bpprgrance
hypernmetropia) as in this exanpl GQ@%Q/@“ t he appearance thro

h
obser vat i on tieuehhoobseryatipn pystegy £ Perknigesilge 24 2kisshto E%&%? zﬁ‘haft he
ersatz |ens th%é&%?@atéf@?t%ﬁk D9tnd Stack id SHoRA &8k ¢h aRfthandidngal upper
relatively : | of

field indicating negative power e reci procal of the distance
from the focupilkidrégion BE8 harkéngstht zrshzriens2Bith o SEChewploweseenfis ndwirat el axed

tz | ith ECL. .\ | | 1.1 hi tity .E2. Me t of
r st » 119ns Qestslee b5 SBbs heb Do EoRRBILS PSR 130 patsile ndediltin & g, “1a.
The mount ed &3alide h@RemeRGhid dshn il e:BpIE ther’Bé apSeatdnc@REudiOthe " € 8X O

simul ate activated accommbdat’i on by renoving tension fromthe | ens 20
stretching systoatioBdystadolié will belar puterdpdriphyral raghan 2Z@endnkinng th¢erspigflensj s

3\; |r FCLgd di f, 2\%{%@%&}% atéifoflgva}rtlgz a lde%ﬂslov%g’roﬁela- di Q‘Bgightql%rpiep tﬁ‘e% ?Adiéejtﬂgt rays 238
relatively negative power. The reciprocal of the distance from the focus 264 to the
20  ersatz lens 230 is the power of the accommodated ersatz lens with a SECL. We shall
call this quantity F4.
By conducting the above measurements, it can be demonstrated that F2 will
differ from F1 by a similar amount to F4 and F3 thus showing that the SECL provides
a measurable difference in the refractive power of the ersatz lens with a SECL and
25  hence is capable of correcting ametropia. It can also be demonstrated that the
differences F4 — F2 and F3 — F1 will be approximately similar thereby indicating that
the amplitude of accommodation is not affected by the application of a SECL.
While the present invention has been described with respect to specific
examples, it will be apparent to those of ordinary skill in the field that the invention is
30  not limited to these specific examples and embodiments but extends to other

embodiments as well. The present invention therefore includes all of these other

embodiments as specified in the claims that follow.
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t hrough the portion of the ersatz I ens 230 which is not covered by the
RD- SECL. Hence, its focus 262 will represent the power of an acconmobdat ed
ersatz | emaowsIohout a SECL. This can be neasured by pl aci pPQr/askni4fs- edge
242 at the focal position 262 25 and observing the entire optical setup

using a suitable rvatjon 'm 244. The appearance through the
observati on systeﬁ&ﬁﬁlmI@ﬁife- edge 242 is set to the focus 262 of
t he acconmopdated ersatz lens without a SECL is shown as 246 in which the

outer pupillary region 248 marking the ersatz lens without a SECL will be
seen as neutral [.suggAstebodyf shadinegugf sepidmentingtréfzadhiDe BEEEr O3 dyas a
positive power (for 30 gorrecting hype tropi. S in this ex l.e, then
t he appearance t hr ough®t gcrgﬁg%gﬁpp%r?pc{gg‘zq%qﬂg@%o%qqyeggmgﬁlspgﬁg%)st?@gi on
250 markisng the ersatzgotens with the RD SECL 232 having a dark upper field
and a bright lower field indicating relatively positive power. The

reci procal of the distance parfmmingsa plasoersagpproecduretogemayy 2 lans dropythpD

01/ 85067 PCT/ USO1/ 1472 230 li S, t he fpower of the acconmodated ersatz | ens
without a SECL. W shal® &Yt ﬁf‘%eyquantity F3. Measurenent of ersatz |ens

with a SECL and accommobdat i roéudiig £@uidsintostheWhsicapsaley. 14. The nount ed
ersatz lens 230 with the RD-SECL 232 is allowed to 5 relax to sinmulate

activat ed acconmodati on by ngHpg AgompadebRECE dptotthelepeeapsyle; @idohi ng syst em

234. Colqy mated (parallel) ] ﬁﬁg m iSi.di rected through the
ersatz Ilgns 230. The nore clgedrls?(p)f'ffl1 |8fr§ ré&gﬁeziggg\%\%qsﬁlebe di rected through
the portion of the ersatz |ens 230 which includes the RD-SECL 232. Hence,
its focus 264 will represent the power of an accomodated ersatz |ens

i ncl uding a SECL.2Thi s Phomethad peconbng & Qgﬁllaﬁ:m%ﬁ{ﬁ%%avsmrdhe@%a&adm at
the focal position 2644ang QRS e stbh6f FtdritnPPphkcBlers) HcstridI @

sui tabl e observati on syster% %Z%.elThe Sap ea?ﬁgnce %)Eﬁtoughert heﬂggserv’ati on
system 244 when t he knihferghdgecith léms is simdved; the flugkis sntRelicat, and He

accommodat ed ersatz 'ﬁ@? r/i.th a SECL is shown as 256 in which the central
pupi | | ar'y regi on 258 kA sHEder satz 1ens with a SECL will be seen as
neutral 15 (suggested by shading of 258). If the RD-SECL 232 has a positive

power (for correcting hypernetropia) as in this exanple, then the
appear ance t hrough t heThoipshod actonding y& ClamA4 erhajeint thy steap obmsertingend pher al

region 260 marking the _ersatz le w thout a SECL. havi,ng.a rk | ower
field and a bri ght upp}éc?snfqnél}%t Fﬁ%p&a?itﬂegféns OcCurs pnoratlo {hegstep &%ntrociucmg
a fluid into the lens capsule.
20
4. The method according to Claim 1, further comprising the step of

curing the fluid.

5. A method of simultaneously supplementing refractive power of an eye
25 and increasing accommodative capacity of an eye comprising the steps
of:
performing a phaco-ersatz procedure to remove a lens from the
lens capsule of an eye through a capsulorhexis;
introducing a polymer into the lens capsule through the
30 capsulorhexis;
inserting a compacted SECL into the lens capsule through the
capsulorhexis; and

positioning the SECL in the lens capsule.
29



rel atively negative power. The reciprocal of the distance fromthe focus
264 to the 20 ersatz lens 230 is the power of the accommbdated ersatz | ens
with a SEGbo18Weshall call this quantity F4. By conducti hOT/AURE/ @28V e
measurenents, it can be denonstrated that F2 will differ fromFl by a

simlar amount to F4 and F3_ thus show ng that .the SECL provides a
measur abl e differ®nce Th¢ mﬁ@oégcpqoa@lpg\p%gm ﬁB’fqie’E fRIprising thejsiepofyi t h a

SECL and 25 hence is c I recting anetropia. It can al so be
denonstrated that the gl gfﬂgergﬁ%@gf.m - F2 and F3 - F1 will be
approximately simlar thereby indicating that the anplitude of

accomodati on i s not fected,by the a i.cation of .a SECL.. Wi.le the
present invention’-has e@@@é j%%ﬂgﬁgklrp s ‘Eemc%‘_eﬂ?Bﬁpﬂnéem@ﬁﬁﬂ‘El es, it
wi Il be agpparent to thesgiinhd SRATYinSHd lehs betubd\Ridrite i stdppdf ihtigducmigent i on
is 30 not limted to these specific exanples and enbodi ments but extends
to other enbodi nents aspelginker infththedenssapsulé.nvent i on therefore includes all

of these other enbodinments as specified in the clains that follow 28 WO
01/ 85067 PCT/ USO1/ 14728 WHAT IS CLAIMED I'S: 1. A nethod of sinultaneously

suppl enenting refgactiyg RENBA afordifg &Y €laid wheeiLhs ipdB s GOAPBIgAlet Ve
capacity of an eye conprising the steps 5 of: performng a phaco-ersatz

procedure to renove a g&ns fromthe |ens capsule of an eye; introducing a
fluid inltoo the |l ens capsule; inserting a conpacted SECL into the |ens
capsul e;""and 10 positioning the SECL in the |lens capsule. 2. The nethod

according to Caign 1, Themethodacdadiagt®Chixiss whereirathe polyméripel isemglecapsul e
in the step of perform ng a phaco-ersatz procedure, . through which the | ens
is renoved, the fluid Fremiafnstgdelcelected dwn He eroppsonpisting phdloxerss. 3. The

oL ceor 19 L0, b ey B of [serng end
fluid into the | ens capsul e.
15 10.  The method according to Claim 5, wherein the SECL is made from a
material selected from the group consisting of
polymethylphenylsiloxane, polyfluoropropylmethylsiloxane,
hydroxyethyl methacrylate, methyl methacrylate, ethyl methacrylate,
phenylethylacrylate, phenylethylmethylacrylate and combinations

20 thereof.

11.  The method according to Claim 5, wherein the capsulorhexis has a

diameter of less than about 1 mm.

25 12.  The method according to Claim 5, wherein the SECL is in a rolled

orientation.

13.  The method according to Claim 5, wherein the SECL is in a rolled
orientation.
30
14.  The method according to Claim 5, wherein the SECL is made from a
material having a lower refractive index than the refractive index of the

polymer.

30



20 4. The nethod according to Claim1l, further conprising the step of
curing the fluid. 5. A nethod of sinultaneously supplenenting refractive
power of vedor§®67 25 and i ncreasi ng accommodati ve capacit yPof/uson/ayms
conprising the steps of. perform ng a phaco-ersatz procedure to renove a
lens fromthe |I|ens capsule of an eye through a capsul orhexis; introducing
a polyner into the I ens capsule through the 30 capsulorhexis; inserting a

conpacted SECL in th : | S,

bos 1 oni ng the SEOL 1 At RERoAESH e CRUA), Wilsel PRSET BRI 4726

6. The net hod accor di npatedalthaving Hhigherefractiveongexitbamihe rbfeacdivepdek of cur i ng
the polyner. 7. The nethod,according to Caimb5, wherein the steps of
inserting and 5 positi ipﬁgnﬂeﬁe SECL in the lens occurs prior to the step
of introducing a polyner into the |lens capsule. 8. The nethod according to
Claim5, wherein the polyner is a polyner gel. 10 9. The nethod according
to Caimb5, whereil® thEhpuiethodacemtlingdo fidaim 5, fwhereimthedn eiti zéfrastiveefiesd f r om

the group consisting of.si nes hydr ogel s, and conbinati ons t hereof. 15
10. The net hod accordiﬂgﬁ?ggﬁ‘ﬁﬁgglaég@ Sﬁefontzle T0p12 GLEREYS 1ion a
material selected fromyhitd tBE SBOLGORapIeAtedg of  pol ymet hyl phenyl si | oxane,
pol yf |l uor opr opyl net hyl si | oxane, hydroxyethyl nethacrylate, nethyl

nmet hacryl ate, ethyl nethacrylate, phenylethylacryl ate,

phenyl et ﬂyl et hyl Al yl ?ﬁeem%ﬂl%d%%@hfﬁ%% Bim Sz,gvhte&% ﬁl%fSECL and the cured

polymeric gel lens combine to produce emmetropia without

significantly impairing accommodation.

18.  The method according to Claim 5, wherein the SECL has an integrated

15 aberration control.

19.  The method according to Claim 18, wherein the aberration control can

be predictably altered to affect accommodation.

20 20.  The method according to Claim 5, wherein the SECL has a

predetermined degree of magnification.

21.  The method according to Claim 5, wherein the SECL is made from a

material having a specific gravity of from about 0.9 to about 1.5.

25
22.  The method according to Claim 5, wherein the SECL has a specific
gravity that is higher than the specific gravity of the polymer.
23.  The method according to Claim 5, wherein the SECL has a specific
30 gravity that is lower than the specific gravity of the polymer.

24.  The method according to Claim 21, wherein the specific gravity of the
SECL assists in the positioning of the SECL in the lens capsule.
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11. The method according to Claimb5, wherein the capsul orhexis has a

di aneter of less than about 1 mm 25 12. The nethod according to C aimb5,
wherein wWe@oB80k7is in a rolled orientation. 13. The net hoOUSCKCEIZH Ng to
Claimb5, wherein the SECL is in arolled orientation. 30 14. The net hod
according to Caim5, wherein the SECL is made froma material having a
| oner refractive index than the refractive index of the polyner. 30 WO
01/ 85067 PCT/ US0141472 ¢ L ' t N the
SECL is made fr omé % ma Iel? %gfhoﬁggf%ﬁgqﬂicgéﬁ@% ‘rweh;é %é%ﬁe?gwrﬁ%é? > tﬂﬁgén&%ﬂe
refractive index of tgavitpbffrem. aboutl®G9 taratmuirkShod according to C ai m 5,
wherein the in situ refractive effect of the SECL is equal and opposite to
the anmetropia of an eye into which the SECL is inplanted. 10 17. The

met hod acgording 39 G ?hé'}rétho\ﬂ’%écﬁhﬁlgttﬁ@la%%(:ll;_“ﬁiéﬁeiﬁﬂf‘e SRUE Has iRRLYATE! | C gel

| ens conbine to produce emmetropia wthout significantly inpairing
acconmodat i on. 18. Thealignnkentifaabwes.ding to Claim5, wherein the SECL has an
integrated 15 aberration control. 19. The nmethod according to C aim 18,
wherein the aberration control can be predictably altered to affect

accommodation. 20220. ThemeeiddedcRamend OMmi 2y, @Wheidh fhe iMdsfahldntvat SECL has
a predeterm ned degree of magnification. 21. The nethod according to Claim

5, wherein the SECL i sfeatutes qomprisa indigiteri al having a specific gravity of
from abow1 0.9 to about 1.5. 25 22. The nmethod according to Claimb5,
wherein e SECL has a specific

28.  The method according to Claim 1, wherein the SECL comprises a

haptic.

29.  The method according to Claim 1, wherein the SECL comprises
15 additional components selected from the group consisting of tints, UV
blockers, blue blockers, color deficiency agents, contrast-enhancing

agents and combinations thereof.

30.  The method according to Claim 1, wherein the polymer comprises
20 additional components selected from the group consisting of tints, UV
blockers, blue blockers, color deficiency agents, contrast-enhancing

agents and combinations thereof.

31.  The method according to Claim 1, wherein the SECL can correct

25 vision in a range of from about —20 diopters to about 20 diopters.

32. A method of simultaneously supplementing refractive power of an eye
and increasing accommodative capacity of an eye comprising the steps
of:

30 performing a phaco-ersatz procedure to remove a lens from the

lens capsule of an eye through a capsulorhexis;
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gravity that is higher than the specific gravity of the polynmer. 23. The
nmet hod according to Caimb5, wherein the SECL has a specific 30 gravity
that is Ivoower/siobhan the specific gravity of the polyner. 2BCT/UReé/vetshod
according to Caim?2l1, wherein the specific gravity of the SECL assists in
the positioning of the SECL in the |lens capsule. 31 WO 01/ 85067
PCT/ USO1/ 14728 25. The met%@d‘a\%%?apwefgel@@ith@é%nsmuéﬁfgfquﬁhﬂ&ol ymer

has a specific gravity, ixslel%@sapﬂgE(é?rrﬁg g&.rﬁat&lﬁorfr a%éa[tériaa@:le&&fﬁ%t hod

according to Caim1, erein the integra I gnment teatures.
27. The met hod accor di thg graupEaakisti@bef silozares thytdnegel amlgroaibisdtiogn thereof;

features conprise indicia. 10 28. nmet hod_according to aim1, wherein
the SECL conprises a hapti {Se5§8 a%m%@al%fﬁﬁ’%}hﬁgm?‘@ %im1, wherein

the SECL gonprises 15 agdilohRRfY, sG@SPONSHR Fsth 8 HhR6tidl SRt d &0 BEP
consisting of tints, W blockers, blue blockers, color deficiency agents,

contrast-enhanci ng aggmoup camistingrdfipnlymietndphenpisdotane30. The net hod
according to Caim1l, erein the I _CORnpri ses, 2 ditjonal
conponent s sel ect ed fr%V@"f]n‘/flﬂ%m&%‘b’?%ﬁ@%‘?%@B%%OXY?%Y‘Q@Q%WY%%@WM, bl ue
bl ockers, color deficigambciitas ethyl aRiacAsite, gheayIsihtherydgent s and

conbi nations thereof. 31. The net hyod acc%ﬁrﬁdi ﬁgl ?jg C?ai m 1, wherein the SECL

can correct 25 visi onphenyiethdmgtylacryiate anchemsubinatinsdhesg@lier s t o about 20
di opters;, 32. A nethod of sh%%&rﬁﬂg%%ggcﬁﬁgﬁéggggéﬁsﬂg, Egéracti ve power of
ative capacity ora

an eye g%d i ncreasi ng acco eyé conprising the
steps of: 30 perform ng a phagohepsiFier pelocedure to renove a lens fromthe
| ens capsul e of an eye through a capsul orhexis; 32

33. The method according to Claim 32, wherein the steps of inserting and

positioning the SECL in the lens capsule occur prior to the step of

15 introducing the polymer gel into the lens capsule.

34. A device for simultaneously supplementing refractive power of an eye
and increasing accommodative capacity of an eye comprising an
amount of fluid introduced into a substantially empty lens capsule of

20 an eye, and a compacted SECL introduced into the lens capsule
through the capsulorhexis and positioned in situ in the fluid to achieve

the desired refractive power and accommodative capacity.

35.  The device according to Claim 34, wherein the fluid introduced into
25 the lens capsule is cured after the SECL is positioned in the lens

capsule.

36.  The device according to Claim 34, wherein the fluid is introduced
through a capsulorhexis in the lens capsule, and the SECL is

30 introduced into the lens capsule through the capsulorhexis.

37. A device for simultaneously supplementing refractive power of an eye

and increasing accommodative capacity of an eye comprising an
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WO 01/ 85067 PCT/ US01/ 14728 introducing a polyner gel into the | ens capsule
t hrough the capusl orhexis, said polynmer gel nade froma nmaterial selected
from thav@oosgeronsi sting of sil oxanes, hydrogels and copbI/vatl/@ms
thereof; inserting a SECL into the | ens capsule through the 5

capsul orhexi s, said SECL de froma materjal selegted fromgthe gr

consi sting of pol ymet h‘i‘}?ﬁﬁgrﬁ’?%{yfi’&&gﬁg&ﬁﬁﬂ %}‘r‘f’ﬁ%ﬁ%‘%ﬁl}*f ?#ﬁ}jl < %r@;%e,
hydroxyet hyl net hacryl gbel p¥siibdéd in¥eh idtheoRinger t6 bibibve Bt dadgiie| at e,
phenyl et hyl acryl ate, phenyl et hyl met hyl acryl ate and conbi nati ons thereof;

10 positioning the SEQefiagiivepovyasaad eeposumpedatizgeapaeiiyi ng t he pol yner gel .
33. The nethod according to Cl aim 32, wherein the steps of inserting and
positioning the SECL in the | ens capsule occur prior to the step of 15

i ntroducing the p3¥.yneTh@édvicadcooidies th&Nsinc3fsetetein Bk polyrtlens ceredl or

si mul t aneously suppl enenting refractive power of an eye and increasing
accommodati ve capacity of an eye conprising an anmount of fluid introduced

i nt bst ant i | . SECL
into a substantialdy e”?ﬁeydév?&sa&@rpﬁl:é éﬁ éﬁ&l{lﬁﬁi, Whef theﬁ;e&%@ergﬁgﬁglg}slﬁg i

i ntroduced into the | ens capsule e capsul or oned
insituin the fluid tgelachieve the desired refractive power and
accommodati ve capacity. 35. The device according to Claim 34, wherein the
fluid introduced into 25 the lens capsule is cured after the SECL is

posi tiongf in theydens S8aideYT, GhRGA Ml dhembids HtRIdm K
wherein Eﬂﬂe flui d4q S i%?%g%%geﬁccoﬁﬁ}gc}ughma capsul or heeg? sin tshe | ens

capsul e, and the SECL thsowh 4 capsuloiherid i1 thedernsirapswdeysind dsSiEEL tshr ough t he
capsul orhexis. 37. A devige far, sjinultaneou S | ement kng refractive
power of an eye and iW&P@H‘éﬁdﬁﬁw&b&gﬁﬂ%@eﬁ?esﬂé'%blgféﬁ%%s‘g?ﬁﬁ%&eye conpri sing
an 33 WD 01/85067 PCT/ US01/ 14728 anount of polyner inserted into an enpty

| ens capsul e of an eye, and a ) _
41. ~ The device according to Claim 37, wherein the polymer is made from a

15 material selected from the group consisting of siloxanes, hydrogels and

combinations thereof.

42, The device according to Claim 37, wherein the SECL is made from a
material selected from the group consisting of
20 polymethylphenylsiloxane, polyfluoropropylmethylsiloxane,
hydroxyethyl methacrylate, methyl methacrylate, ethyl methacrylate,
phenylethylacrylate, phenylethylmethylacrylate and combinations
thereof .

25 43. The device according to Claim 37, wherein the SECL is made from a
material having a lower refractive index than the refractive index of the

polymer.
44, The device according to Claim 37, wherein the SECL is made from a

30 material having a higher refractive index than the refractive index of

the polymer.
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SECL positioned in situ in the polymer to achieve the desired refractive
power and accomodative capacity. 5 38. The device according to C aim 37,
wherei n tweopsdoyrrer i s cured 39. The device accordi ng to BLHURVIBIA728Mer ei n
the polyner is a polyner gel. 10 40. The device according to C aim 37,
wherein the poly I S Ntroduced .. thr h capsul gr hexi s _i.n the l.ens
capsul e, and ther%rECL The éivﬁ?eraﬁﬁ?fé@&q? g#%mtﬁe“f?’g??nﬁ’ﬁd’% ﬁlluéfetﬂ‘r'ﬁlf’t&]eg The
capsul orhexis. 41. TheyfdgyKEE] s e@atlhmbogfositd R the arhetr¥hi bEhmeyeiatddol yner is
made froma 15 material selected fromthe group consisting of siloxanes,
hydrogel s and conbi navhishdhe B¢l sfimplantedThe devi ce according to C ai m 37,
wherein the SECL is nmade froma naterial selected fromthe group

consi sting of 20 pol ynet hyl phenyl si | oxane, pol yfl uoropropyl et hyl si | oxane,
hydr oxyetshyl met hagr yl Bhedevids deydrdinpttd @iy 38, vhefdilie SBCINAGT tHhe atved

phenyl et hyl acryl ate, phenyl et hyl net hyl acryl ate and conbi pations thereof.
25 43. The devi ce accopPdymgr eantinaiomreduce grarerapia wehateignificapdie from a
mat eri al having a | owe 3 i iyndex than the refractive i ndex of the
pol ymer. 44. The devi c@%ﬁ%ﬁ%ﬁkpg&%%i m 37, wherein the SECL is nade
froma 30 material having a higher refractive index than the refractive

i ndex of the pol yper._34 WD 01/85067 PCT/US01/ 1472 The device
according to d aith 37, TRHEFEGEACER 1qgr§o§%|1_{51 %gf“fhgf?t“?gﬁ S&?C}IEEQS ayrinfegptesEc) s
equal ang opposite to jhe.apptsaRia of an eye into which the SECL is

i mpl ant 2@. 5 46. The dev?rge according to Caim38, wherein the SECL and the
cured polymer conbine to produce emmetropia without significantly

ISEpCIe_u L;g g aﬁcfﬁmA&:E Iez?he ée@iceTanorgﬁl\gtg TIdR ,%h%?eirtl %ecgbg}rglno%%on%fe can the

be predictably altered to affect accommodation.

15 49. The device accordiné to Claim 37, wherein the SECL has a

predetermined degree of magnification.

50. The device according to Claim 37, wherein the SECL is made from a

material having a specific gravity of from about 0.9 to about 1.5.

20
51. The device according to Claim 37, wherein the specific gravity of the
SECL is higher than the specific gravity of the polymer.
52.  The device according to Claim 37, wherein the specific gravity of the
25 SECL is lower than the specific gravity of the polymer.
53.  The device according to Claim 50, wherein the specific gravity of the
SECL assists in the positioning of the SECL in the lens capsule.
30 54.  The device according to Claim 34, wherein the specific gravity of the

fluid is from about 0.9 to about 1.5.
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10 aberration control. 48. The device according to Caim47, wherein the
aberration control can be predictably altered to affect acconmobdation. 15
49. The deoovgsoarcording to Caim 37, wherein the SECL haBCHUS@rea@mst er m ned
degree of nmgnification. 50. The device according to Caim37, wherein the
SECL is nmade fro erial havi.n ayi t f about 0.9
to about 1.5. 20 1. ‘Irgﬁl?e °AE° Qiég’%rtﬁ(%g %{ c‘fﬁ]ﬁﬁwé‘?éﬁﬁﬁﬁ {yﬁ?g specific
gravity of the SECL Iﬁléﬂhﬁhﬁfeaﬁmn the specific gravity of the pol ymer.
52. The device according to Caim37, wherein the specific gravity of the
25 SECL is | ower than the specifi c gravity of the polyner. 53. The device
according to O aiJp 50, V\/n t C Vi f. ¢ ssists in
the positioning o i@ t he Vce acgc%ﬁm%@ﬁ?l%lg Ss%ﬁvgﬁ%%ﬂ%imtegﬁleal%%gg
according to Claim 34,femmegseir@mwgea1$mﬁaaf| c gravity of the fluid is from
about 0.9 to about 1.5. 35 WO 01/85067 PCT/US01/ 14728 55. The device
according to Caim 34, wherein the SECL has integral ali gnment features
56. The devi ce acgprdi : I
features are int eﬁfm ?%déﬁgﬁgé}ﬁﬁ%to%fﬁ%ﬂﬁggg%f} %@60%% grg

wherein the SECL conprh#sis. a haptic. 10 58. The devi ce according to Claim
34, wherein the SECL conprises additional conponents. 59. The device
according to C aimb58 wherein the addi tional conponents are sel ect ed from
the groyp consistygg Ofnd SRk ackbfdhl qg@ilﬁﬁéplvﬂﬁre}éﬂ@%&oﬁn

deficiency agents, contract en ancelgent tints, and conbinati ons thereof
60. The devi ce accor di sigliianaltanpnnddts. wherein the SECL is convex. 20 61.
The device according to Caim34, wherein the SECL can correct

59.  The device according to Claim 58 wherein the additional components
are selected from the group consisting of tints, UV blockers, blue
15 blockers, color deficiency agents, contract enhancement tints, and

combinations thereof.

60. The device according to Claim 34, wherein the SECL is convex.

20 61.  The device according to Claim 34, wherein the SECL can correct

vision in a range of from about —20 diopters to about 20 diopters.

62. A device for simultaneously supplementing refractive power of an eye
and increasing accommodative capacity of an eye comprising:

25 a polymer gel injected into an evacuated lens capsule through a
capsulorhexis, said polymer gel made from a material selected from
the group consisting of siloxanes, hydrogels, and combinations thereof;
and

a SECL inserted through the capsulorhexis into the lens capsule

30 and positioned within the polymer gel, said SECL made from a
material selected from the group consisting of
polymethylphenylsiloxane, polyfluoropropylmethylsiloxane,
hydroxyethyl methacrylate, methyl methacrylate, ethyl methacrylate,

36



vision in a range of from about -20 diopters to about 20 diopters. 62. A
devi ce for simultaneously supplenenting refractive power of an eye and

i ncr easi Mo avgwrnodat i ve capacity of an eye conprising: 2BCHUB@l/MMST ge
injected into an evacuated | ens capsul e through a capsulorhexis, said

pol ymer gel made froma material selected from the group cansisting of

si | oxanes, hydrogels, HWHY@W’FY&Waclﬂ’§n¥1ﬁ@‘ﬁ’36?thyla%m@%edm§mn¢%@ﬁ ed

t hrough t he capsulorhqéé%ffnto the | ens capsule 30 and positioned within
t he polyner gel, said made froma material selected fromthe group
consi sting of pol ynet hyl phenyl sil oxane, pol yfl uoropropyl net hyl sil oxane,
hydr oxyet hyl nmet hacryl ate, nethyl nethacrylate, ethyl nethacrylate, 36 WO
01/ 85067 PCT/ US01/ 14728 phenyl et hyl acryl ate, phenyl et hyl met hyl acryl ate and
conmbi nations thereof. 37
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