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| NVENTI ON The present invention relates to intraocular |ens inplants.
BACKGROUNW O ¥1/8b4t3 | NVENTION  to 15 20 The crystal line | engctAue1/0057s
transparent structure that focuses light in the human eye. Opacification of
the I ens known as cataract formation is a common cause of poor vision in
the elderly and can be corrected surgically. Mdern catar mmlﬂmmmmmmmmm S
perforﬁmmmummmmw"extracapsul ar caﬁg&t extraction or
phacoe Manual extracap cataract extracti ongyye! ves
expressing teisitard nucleus of the cataract through a 10mmto 12 mm
.incision. Phacoenul sifi cat IO RAQCUEAR LENSIBHRANERer gy transnitted by a
needl e to fragnment the nucleus and all ow aspiration of the cataract through
a2.5mto 3.2mmincision. In both operations an opening is nade in the
,anterior capsule to allow renmoval of the |ens contents. The capsul ar bag
remmant, however, is |left | yEIEKLDWOKF THE ONVENTIOQNWOrt for an intraocul ar
| ens inplant which is inserted follow ng renoval of the cataract to repl ace
t he f@cusThgpreeneinveitidnelaftaty iitacthlySleas idl;ﬂ&ntk.ens- An intraocular |ens
i nplant typically conprises a centre focusing el ement known as the optic
and a peripheral support structure known as the haptic. The optic and the 1
WO 01/89423 PCT/ AU01/ 00578 haptic of the intraocular lens inplant may be
manuf actured from transpg e o] | astics materjial such as pol ynet hyl
met hacryl ate or fromfl &%‘Eﬁ%‘ﬁb&%@ﬁ?&%@ﬂ&@ﬁ as silicone or
hydr ogel _lpol ymers, Intraocular lens inplants manufactured fromfl exible
mat er i al sthgr Brysialingr leps ds tao transpaeeniestiycture thagi focwses dightilis the duumsan epe
flexible lens 5 may be folded to allow insertion through a small incision
in tile Jpaeifecation ofitlerlensknovin aheatayer. forthationis @r doatndotARE of pBr visiohhen
required to unfold to its original configuration. A small incision is
desi rigbl qpi | [ [ r ryat ure
190! Gnitfe 6RAAY 864 ofbORbitediEd @N@icgyﬁ Hlogétn! &Ehr?cft rs%{%&? B R fbrmel Hye

-known as astigmatism This results i'n faster visua on a

better 1 jd | 1Lty follow n urgery. Studi es have

denonst rg{lé{gﬁl hegt‘[ijraééfsy%ki %ﬁ%lﬁ&s i%ﬁa%lpnl é’gs§¥ haﬂ{%’.ogm qllfﬁﬁgn‘not Magvrle
'significant astigmatism A snmller incision is alsq safer during surgery
and al | oiXURCAPSRIAT \(BEARRCL sEURGHog InvRlyesauREeseing doe hard snuglens| of 1the seatarasts al so
| ess susceptible to traumatic wound disruption in the postoperative period.
15 Unti| theseht pylOme tp 12 mmoincisione Phepoemulsification miilisesa udtadsanisc tenengyh
phacoemrul sification was 3.2 mm This all owed | eakage of fluid around the

sl eeve oftranhmitfdabypeanresdlt i afiagmenedd auvlensind slivve sspitation of tHeccatattlct

avoi ded thermal injury to the sclera or cornea. However, a new
phacqermItﬁidufgﬁatj_ﬁﬁmngggﬁnqnqlmgigﬂed by the present inventor allows
phacoerul sification through a 2.5 mm i nci sion reduci ng wound | eakage and
reduci ng the 20 chance of thermal injury. G ooves along the shaft of the
needl e cool the needle and allow ' increased infusion to the eye. The
reduction in.leakage of fluid, around the sleeve and the inproved infusion
enhancesr}eﬁgﬂb@e@g’gﬁﬁp OPERINg, i Pads 18 thesanteriorcapsuls toglloptsemoval of the lens
phacoenul si fication procedure. 2 I I WO 01/89423 PCT/ AU01/ 00578 The
present iGo0taRESorIheagapsnien bag semnaet, hewierven dalefioin siwpiorprovide suppontfonat or use
with incisions smaller than the conventional incision size of 3.2 nm which
al so f aciihirseuis ledsémplmbwhichd$ inserséddiolowingy reimosdl ofliesatarhct ihRegdatieltls t here
has been interest in energy sources other than ultrasound to renove

cat armct Sotunirpugivérofitisd iRsrabéryst@fifie Id@n 2.5 mm 5 Suggested techni ques

i nclude | aser, 1npeller and hydrojet technol ogies and may require a two
port procedure to achi eve adequate infusion. It can be seen therefore that
*advances in surgical technique have reduced the required

An intraocular lens implant typically comprises a centre focusing element known as

the optic and a peripheral support structure known as the haptic. The optic and the



i nci sion size for phacoenulsification from3.2 to 2.5 mm Conventi onal
foldable 10 intraocular lens inplantss, hawever, require at least a 2.8 mm
i nci si on. wihey/gvygs mum i nci si on si ze required depends on thgceghlidehithg and
material of an intraocular lens inplant as well as the nethod of insertion
used to insert the intraocular lens inplants. The size of the incision
required to insert an intraocular lens inplant is largely 15 determ ned by
t he di nensions of the optic. The m ni numrecommended di aneter of an

i nt r aoculitit €86 théBh@McuPt iefis ifipanPmiin béMArmfbnfaR! 55 &ﬁ?@r&ﬁaﬁgﬁi 5 m

have been associated wth a higher incidence of retlections omt edge

of the oQl&ine | ALLADC r jy t YoIqll {8 er..less.than 5.5 mm
"are al so é%sglg%p@ ﬁ”cé)l %ﬁu%mgﬁﬁg%ﬂgéglgetg%g?’g{edélé%o&nnﬁ%tﬂe Bgaég‘f‘ﬁ piatsrigls of
the | ens %Ch m?. occur i.n the postoperative period 20 with_shrinkage of
the capsUS? 3Sa§licens o bydrogel pplymenss sinfrapculary densimplantss gnagpfachised from
‘intraocular lens inplant is related to the optic dianeter and al so the

ref ract i vilexibleaaterials sre nogferabletatthoseanadedf rigid matepinlsdecadse T flexible/ M6 78

Fl exi ble inmplants with a high refractive i ndex have been introduced with

t he aism ahay be éelded rtg alfww sinssition #eough 4 ymall dhcision i drUchra beogteicanl ant
with an optic of 5.5 nmhas a center thickness ranging fromO0.6 to 1.2 mm
dependi ngh®8yd. MEninSdited! fo1dea & s i ' : iR At s of
the i ntraocm, ar | ens inplant wls'ﬁseﬂlﬁflgﬁfea?ﬂe?ﬁ%u%fg\;\ﬁgé lg'@gt%g?gﬁer 5@@3
intraocular lens inplant and the larger the incision size required to
insert the lens io inplant . An aspheric optic may al so reduce the centre

t hi ckness, for .a.l ens i.npl ant, .of, a given refractive_ ipndex, and_ optic

i et or A AR RSO B ASTRBIF p oo koY douruad  AeopisRort e samsal 4 5 5
mm optic dianmeter and high refractive index of |.52 requires an incision

si ze of Hurvasastkmvaanastigmatisme| Thig resulis dotfasters yisual mehatilitation ehd betier
conpress the lens can be inserted through smaller incisions. Although it is
-asserived unaidedivigual aenity falewingsabdeey.oBtudiesdiave dgmbhstratdd thai arpiheision iz ough
incision sizes as low as 2.5 mm studi es have denonstrated that the final
Jnci sion gfilés thén RIFViaki aesyndt #dIRE sighifivaht SstidimaBigRd A RfiaBerheRicktis i (O
undesi reabl e stretching of the 1 s wound. Furthernore, injector systens may

result i JReR Fyeol] r eSS| 3]

i njecti ng aféﬁe I n%%%ﬁ%&%éfﬁl;m P ngﬁ%ﬁﬁ%@uﬁ%@g f&?\lgﬁ%f%%?%t ?‘agong%} x’if?ﬁ*orppl ant

| enses manulf aﬁtured f@gm hﬁdrogcel éﬁ@f{gs have, been described which are

i nser t ed 1 AP KPS SRICEPERE 1 EANraRtG W Pruptemin e Resiepatvedieriofe optic of a
20 dehydrated inplant lens are less than the fully hydrated di nensi ons and

thus the inplant lens can be inserted through a smaller incision than

ot herwi se required. The difference between the dehydrated and hydrat ed

di mersi orldntilsrekendlyntha dn¢ikion ssiwel fequiatd » remtbviesa cathmtiewith phiabeenwdsificatioant ent

of the material. The refractive index is also related to the 4 f n WO

01/ 89423 visTI. A/ s/ dllomaddeleal@pe b Aid dolmdithe gilevivof me?ﬁé@éﬁulﬁﬁaétﬁiﬁ of 3
8% has a swell ratio of 1.2 and refractive index of 1.44. A dehydrated

i npl ant I&eaew;vmha%o%ie‘a 0 ARIAE ahd amﬁfl yéiﬁyho?pggfeug& %4 tﬁ%] gﬁlt%ﬂa:"@ﬁ lereluS

require at least a 5.00 mm i ncision as t ness of the

i mpl ant | ' ically 0O 8. mm.when hydr. at ed. hi gher .wat er cont ent
hydr ogel I%%?%‘%?’a{i ){%8’ %&%&éﬁ%ﬁ? , n%egge esé%eﬁﬁbsf ﬁlel I%Sefm dﬂﬁng% ’ﬁ&’t"@ y 2.
The refragtive index.of  the terial however jis considerably |ower at 1.41
and the tARAEIGIUSITISRIQN{BrohghyAf-2 1R incisian reduging wound leakage patbiedueing the nm
The required incision size is still expected to be greater than 3.00 mm
The r28quichaere ofdhermah injiye Groovsspdong the shaft ofithe needle tad dhssndedieemiatiow
unfolded is no snaller than that achievable with fol ded flexible

i nt r aoculincredsedlinfusion.to Ticeyet The raiuctiormindealape of luidbarblitk iHel steevephd e | ens
or a dehydrated expansile inplant lens therefore Iimts the incision size
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cataract surgery. The surgeon therefore has to wden the incisifon i s prior
to insertjg % JH;‘J: ns. This results in greater astignmatism and

an incre seﬁoﬁlﬁeﬁéﬁ%o l‘g?édv\uilg%nd | eakage than woul d ot herw se be the case.

It is therefore desirable to design an intraocular |ens inplant which can

be inserted through incision sizes of 2.5 nmor |ess. 20 SUMVARY OF THE

| NVENTI ON :
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In accordance with a first aspect of the present invention there is
provided a nethod for insertion of an intraocular lens inplant in an eye,
whi ch conwo eig®4mbtaining a s i C WO 01/ 89423 PCT/ AU01/ OpeF¥Audfhisss at ed
intraocular lens inplant in folded condition, inserting the fol ded
dehydrated intraocular lens inplant into the eye through an incision in the
eye, and allowing the inserted intraocular lens inplant to unfold and
hydrate in the eye. 5 In accordance with a second aspect of the present

i nvent i orThHehpregeritSinperut Heglako desighed aul itrigdtinsaspiratian caGiP Tos ask &fitha

pol ynmer, wherein the polyner is flexible and el astic when dehydrated so as

.to all owihdiSioh§srafthal tﬂe%ﬁvérﬂiléhﬁ%cikilﬁn%?zefdﬁﬁ%%%lgﬁﬁgaﬁﬂﬁ%tgé BhedN

incision in the eye, and wherein the polynmer 1s expansi rated,
such tha r. el i.0n: | t: IRt cular lLens inplant

nydr at o0 "S0 " Bof S8 B beRiehel 8RRt o BBl PR s
invention wl|l now be described, by way of exanpl.e onl with reference to
t he accor?ﬁ%yé’ﬁ@ lgﬁf%ﬁﬁlﬁ do @W%icéﬁ?aci%ﬂﬁpba? énoisipns 50k dass han ¢ 24 A¥Ram of
a dehydrated intraocular |ens inplant in accordance with the present

i nvenBi orbugresiest eckmiguesdinelufe lnaer, imptillgyauthhydrojeh techiedlggies amtimay reqmireal ax

| ens inplant of Figure | in a folded configuration before insertion into an
i nci si on tivo pant prgeedusetd adBieke gdogmatd infusienschemat i ¢ di agram of an hydrat ed
expanded intraocular lens inplant of Figures | and 2. 6 WO 01/ 89423

PCT/ AU01/ 00578 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention
relates to an intraocular inplant |ens which nay be inserted through a
smal | er il si bl e iJ e i.npl.ant es. JIn the
oresent ot P deb Alteiithe Bt adiaiesn G ERRRTS s AR 8 HEiiec

mat eri al .whi.ch has reduced di.nmensi Qns n d drated (see Figure 1 ) and
i s fol ded™dMani fge rfggcp%aﬁo%gs@@m %{0@5\,@5 aTPe‘S;PSI & gntg)n_ai %Eﬁble

inserted the Iens inplant unfolds, hydrates and swells to its final

-di merl8i onstrapsulandens implmtgukaweyer, Theuiteeatslepstyd /8t mnh éncision. e The ithinzesmt he

reduced cross sectional area obtainable by folding as well as the expansile
proper t i d@scision sizabéqitedsiependsontthe singlura and neitariabof amiittaetuladiens inslhnt

"ot herwi se achievable with 1o conventional flexible or expansile |enses.

Thi s 1 esuktweliaR thematbdretbeRiondisBd fPR5erPthe TR AR Kns WipRkitst WO ar e

descri bed bel ow by way of exanple only. 15 (A) An intraocular |ens inplant
can be manufactured from known hydrogel materials which are rigid when
dehydrat ed and swell and becone fl exi bl e when hydrat ed.

Pol yhydr et.hyl hyl.met.hacr ycl ((HEMA) is_.a typical bhydrogel .nmaterial
with thesevpbd e‘%i&l?ee}s/.m%lf’% n‘?&“ﬁ% i%tmﬁm@fla@tt@?@ﬁg? ﬁ?}’rﬁ pﬁpdlgnm darggly can
be fol ded, when hydrated and allowed to dry in the folded state. The |ens

i npl dAt  dsiermined Bycths dimensions; of the optiee Tk pinimusy recommendad diametereofand

i npl anted through a smaller incision than would ot herwi se be feasible. A

| ens i nplisiraocular hens iBdantroptiptis 6.5ameh. 1 Optiomdiametensdedshthak Sesmmrhaw Besnur ed
fromthis material will have a reduced dianeter of 4.6 mm and thi ckness of

7 WO OhsaRitel WEh/ahigRdr0nbidend. of reflectidhe frohptidadgs W'ﬂl@ozﬂtﬁnslnirﬁmtﬁé}t can
be readily inserted through an incision with a length of 2.5 mmor |ess.

(B) One qimadvam a0ephl d?an‘i?é&%l%f‘gﬁﬂﬁé ghg Fo gga%uh&gggfé%i &H%a?lfégc% el NE

time taken to s hydrate and avol by manui ing a
| ens i npl ansi er i al ich is flexible when.dehydrated.
e ox anp it ok B o aRRT o JFthE el il iy clele 3108 pa PSR RGN <
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intraocular lens implant is related to the optic diameter and also the refractive index of

e~

the optic material.



nmononers, cross linked with a terminal pol yoefinic sil oxane nacroner.

Pol ysi | oxane 1 o hydrogels of this nature have been described using 2-
hydr oxyet o omsdudmcryl ate, N vinyl -2pyrollidone, nethyl netgasiaxodbesrgnd
pol ydi nmet hyl si | oxane as copol yners. A copol yner of glyceryl nethacryl ate
and a sil oxane nononer is another exanple of a suitable polymer that would
be fl exible when dehydrated yet still have a sufficient water content and
swell ratio when hydrated to provide significant expansile properties. Al

s sui t ablHexibleetmplhntei with & high aefrs@ivedntiie0 havd besh dtfuvsdivithhie aim sfvel |
ratio in the order of 1.2. Wien dehydrated, however, the material would

Still be fth@mhdiRisidsizot W9pithPintta6Qar 167 AW lakteRil 38 bt Hr § 50 fsS

material could be folded in"the dehydrated state prior to Insertion at the

i h?ﬁkﬁfﬁs%@%‘*g“%ﬁﬁ %s%%%@ﬁfe‘%l*é‘;‘#@%°2§23§ﬁ %P%@diﬂé?@éﬂeéiﬁﬁﬁicggogﬁleﬁ”&&?ﬁ%g% y
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froma rigid dehydrated hydrogel material as the material would be

conpr éssitg¢ antapchlay lenssismlang naed theglargenthe incisdare Size Exuiied 1 GosTisthedatdd al so
be inserted with the aid of an injector nechanism Once inserted the |Iens

i npl ant  vieaplacht UnAn laspheyic patic heryadllsd fedudenthe certte tlickaikéscfor & deis! irfplahtef a

pol ynmer then slowly hydrate and acquire the hydrated dinensions of a 5.5 mm

optic andig@ntdiictit sldReShdptit: diaiBlef. 04 Bnvchtonsll ABLSE 1k ts‘? ﬁég@ichef

suitable materials with expansile flexible properties iInclude one

acryl ate kl ne- S| r n i.loxanes, and
i1 oxanc oy S5 £33 AL SRR ket g PR BB ngARBE E 33 e G

pol ymers,, 8r.e ar edff£ m fg orinafed,sil,oxane-contai ni ng nononer and at

| east ond™FRPISIAGCLE fe?ft-c Whenyft ophilic 1 o nononer.are al so
suitable materials. An intraocular |ens manufactured froma pol ynmer which
‘is fl1¥xible and el astic when dehydrated but expands when hydrated, wll be
able to be inserted through a smaller incision than a high refractive index
f ol dabl e Ihjeotorvdystemsi whivhnradk pad colpress the lenpams iYecinértdde dgoughi Ghaller not
flexible. The linear and radial expansion ratio of a hydrogel nmateri al

varies WihéisioRS Wath6liglt R1§ efbrted hiat HjaicHs atd\GapBle®t iRRATR Hex§ble 3mplitiLgel
material the greater the expansion ratio and the |lower the refractive

| ndex. ThitlcRgiiddisiBF sB8s WORY ad 3.5 nim YRR HAGe WMOASHRERE! ik Al Hholsfftf d O

a reduction N 1Tncrsron size 1s obtained from1 nc easl! ng e water content
d i an.rat. f teri due 1o th ing.of th 0 ref ti

ndex " TR<2S bar bl dhreds ek fin dleat Fsisfon st o coffumebls fPRne e e

i ndex expected for an expansile flexible material can be estimated by
exam Wi ngveund. pFuthermpees igectRnsxpents maywesylt/ igglepmepty theUmplagdvss dyaiiogel
materials. A series of hydrogel polyners of hydroxyethyl nethacryl ate
(HEMA. ) wixtremiercompaession whendejectingribe iraplant lehethasugh thetipht ivcisionpr oduces
materials with the foll owng water content, expansion ratio and refractive
index is provided in Table 1. 5 TABLE 1 Materi al WAt er cont ent Expansi on
rati oRefractive Index(lsotonic salinePol yHEMA38%. 21. 44

- HEMMT : .
 at e e T LR i ctured fom ydsogeldpipes e peen described which

83d ycer ryl.a enefd t. hat n obt ai ned b educi ng.t he
"ot o1 on At 0BGl e EfoIEr Schiarke el The P Bbunies & BECAORE 4
expansil e eri,al, .which is_flexib]e ough in the dehydrated state so
Chat Dt dlefbsatedimipleht i6ns o st the, Gl iicwted) dimensiane 2ad Sy et RPIaR.S
calculated as follows. Consider an intraocular lens with a biconvex optic
‘wi th a pdeRrs canpbe ingeredhfhseugh 2 pmallerrindisiondhan otherkise sxuirgd. Thd differeheeact i ve
i ndex (1~. In aqueous the Radius of curvature "R' required for an

i nt r aocultetwéemn thecdehydeated landi hytieated didnensiofs Q4 /kBBWA3asPHE/ sl A5 FR is

related to the water content of the material. The refractive index is also related to the



Equation 1 R--(N-1.33*1000/(P/2) The sagittal height of one segment of the
bi convex optic "H' can be calculated fromthe 5 radius of curvature;

Equati on WoHmRIEER(R*R-(D/ 2)) The cross sectional area "K' P@f/Agﬂﬁmgegnent
of the optic is calculated fromthe sagittal i o height and radi us of
curvature; Equation 3 K--(R*R)*(ACOS(R-H)/R) - SQR(2*RH- H*H) The total cross
sectional area of the optic "A" is then; is A=2*K+T*D Assum ng the optic
can be folded or rolled in a circular fashion to allow, the snall est

profile fwated camedti oA hylhegel aditus vaitert domtent '€ 31804 hed @S Swelk GaticdBAl . 20meR
required for-insertion of the inplant "C' can be cal cul ated; 20 Equation 4

. C=SQR( K* #eRdotivklindex/\6X G 14/48 95512@5113@%“&;41%51%% Whth & %@gﬂ? iQ)fr?tii: qﬁ lfd PRty

required to insert the lens "L""is determned by consi

circunfer r Equat i £22*C/ 7 5
The T nci paRr el 9@&&#%&%34@ a%ﬂefsﬁﬁ 00 ou 2o 0n HEH e 612
accordin t he .above nti oned Eq ns for different swell ratios and
refracti 3@1 R‘i‘ﬁfé HE! ”'tnﬁggéiqnédﬁ aﬁ’]?l %e gy, whey dgh Y‘ﬁat?ﬁbl 2 gherjuater
cal cul ations denonstrated that an intraocular |ens manufactured from an
expandi | eonteakhydregetanatetiall egndttochbybweight has pamwelltratio o€ gpprosimaiely 2. The non-
expansile flexible I enses even those with a high refractive index.

Si mi | ar | yefrixgivienitidek of tisi meterialhoweadr isoonsiderably o latl .41 end thathidlaekdir ed
froman expansile flexible material is |l ess than that required for an

expansi | eflteé gehydr8d lchs 198l e MedrdeP5¥0.8 3N OfhePRqhiPb H Biision SMeid Qilf he

i nverse rel atlonshlp of refractive index and swell ratlo t he optlrrumvvater

Cari os. 1 ReqeEh bopdfic heh d0d AGTTRC il fhclidh Mok B SobARRFiRendlR ) oy
ot i é‘ﬁ’sfsécriﬁ?%eﬂwgéf’d?e IQE%SS%%fqrehaaﬁxéaa{?m@ﬁ; R R ol ™

Alternatively, only the optic nay be manufactured froma 20 material which
‘i's fl18xi Hewsednd has expansile properties whilst the haptic may be

manuf actured from conventional materials such as pol ynet hyl met hacryl ate or
pol ypropyl ene. There nmay be one or a plurality of haptics attached to the
‘optic, although the nost common configuration includes an optic with two

out war dl YTheZross\8€ttibkaP Bred df BEbRIIE Hl?ﬁﬁ'ﬂl%nﬁ&t £ Beliyagatbd BipansSile ibslaRUeROse of

the haptic is to provide optimal centration of the optic as well as a means
of fixati I t

ori gi nal tﬁée}ﬁfsbfr? ﬁ&ngwﬁ%%n?g}[% gfﬁ%% mo%%%@ gg%?‘?lg{g?ﬁ tﬂ&greﬁﬁi?g}fi?o B%ffol&gg‘éem bl e
toirrplant a fol ded ansile |ens front aof apsu ag. behi nd the
i s ¢ ot o dis BaRR SpipePh o The ghigom BeserBie BRES whien S indtion | <
and ciliary processes, known as the C|I|ary sul cus. Intraocul ar | enses of

t hi s BypPricaje meebiopof thesigplan lens. Jhugaesul t5i8 greater@stigraatism ang acincraased r or s
in front of the crystalline I ens behind the iris with the haptic providing
support ilikeliheodof wound Isakage thanFuoult etheowise bashesoasd. o al ternative site of

i nplantation in phakic eyes, folded, expansile intraocular |enses may be
inserted in front of the iris in the anterior chanber with the haptics
resting in the angle of the anterior chanber. The haptic can be supported

/fixated prs Eﬁ@efoi‘é desitptH td QRLERR @ee ntg.géx‘ b %Qﬁleﬁl’t‘%@ﬁ c‘ﬁﬁ‘ﬂedgﬁéﬁed

apparent to a skilled addressee are I'n the scope o

pr esent 'tﬂ%‘ﬁgflh%'smr}gizes %.Qﬁ{r@gﬁégs.TABLE 2 PCT/ AU01/ 00578
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SUMMARY OF THE INVENTION
In accordance with a first aspect of the present invention there is provided a method for

insertion of an intraocular lens implant in an eye, which comprises obtaining a



Power of LensOptic Di aneter Edge Thi cknes sWater Content Swel |

Rat i oRefracti ve | ndexLength of ' ‘
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"1098 By ! 1(@0)% gAn jutrapgular lens implant can be manufactured from known hydrogel materials

which are rigid when dehydrated and swell and become flexible when hydrated.
Polyhydroxyethylmethylmethacryclate (HEMA) is a typical hydrogel material with these
properties. A lens implant manufactured from this material can be folded when
hydrated and allowed to dry in the folded state. The lens implant can then be supplied in
20 the dehydrated and folded state and implanted through a smaller incision than would
otherwise be feasible. A lens implant with a 5.5 mm optic and 1.1 mm centre thickness

manufactured from this material will have a reduced diameter of 4.6 mm and thickness of
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hydrate and unfold. This can be avoided by manufacturing a lens implant from an
expansile material which is flexible when dehydrated. = An example of a suitable
material would be a water insoluble hydrophilic gel comprising a copolymer of water
soluble monoolefinic monomers, with or without water insoluble monoolefenic
monomers, cross linked with a terminal polyoefinic siloxane macromer. Polysiloxane
hydrogels of this nature have been described using 2- hydroxyethylmethacrylate, N-
vinyl-2pyrollidone, methylmethacrylate and polydimethylsiloxane as copolymers. A
copolymer of glyceryl methacrylate and a siloxane monomer is another example of a
suitable polymer that would be flexible when dehydrated yet still have a sufficient water
content and swell ratio when hydrated to provide significant expansile properties. A
suitable material with a water content of 25 to 35% would have a swell ratio in the order

of 1.2. When dehydrated, however, the material would still be flexible.

An intraocular lens implant manufactured from this material could be folded in the
dehydrated state prior to insertion at the time of surgery. An implant with an optic
diameter of 4.6 mm and thickness of 0.8 mm when dehydrated could be folded and
inserted readily through an incision size of less than 2.5 mm. The required incision size
would be less than the incision required for a lens implant manufactured from a rigid

dehydrated hydrogel material as the material would be compressible during insertion and
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Other suitable materials with expansile flexible properties include silicone acrylates,
urethane siloxane-acrylates, fumerate end capped siloxanes, and siloxane-hydrogel block
prepolymers. Fluorinated siloxane-containing polymers, prepared from fluorinated
siloxane-containing monomer and at least one vinyl-or acryl-containing hydrophilic

10 monomer are also suitable materials.

An intraocular lens manufactured from a polymer which is flexible and elastic when
dehydrated but expands when hydrated, will be able to be inserted through a smaller
incision than a high refractive index foldable lens which is non expansile or an expansile
15 lens which is not flexible. The linear and radial expansion ratio of a hydrogel material
varies with the water content. The higher the water content of a hydrogel material the
greater the expansion ratio and the lower the refractive index. There will be an upper
limit where no further benefit with regard to a reduction in incision size is obtained from

increasing the water content and expansion ratio of a material due to the lowering of the

20 refractive index.

The association of expansion ratio, water content and refractive index expected for an

expansile flexible material can be estimated by examining the properties of known
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The benefit that can be obtained by reducing the incision size required for an intraocular

10  lens manufactured from an expansile material, which is flexible enough in the dehydrated
state so that it can be folded or rolled up and injected through a cylinder, was calculated

as follows.

Consider an intraocular lens with a biconvex optic with a power “P”, a diameter “D”, an
15 edge thickness “T* and a refractive index (N). In aqueous the Radius of curvature “R”

required for an intraocular lens can be calculated;

10
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The sagittal height of one segment of the biconvex optic “H” can be calculated from the
5  radius of curvature;

Equation2  H=R-SQR(R*R-(D/2))

The cross sectional area “K” of one segment of the optic is calculated from the sagittal
10  height and radius of curvature;

Equation3  K=(R*R)*(ACOS(R-H)/R)-SQR(2*RH-H*H)

The total cross sectional area of the optic “A” is then;

15 A=2*K4+T*D

Assuming the optic can be folded or rolled in a circular fashion to allow the smallest -
profile for insertion. The radius of the circular cross sectional area required for insertion
of the implant “C” can be calculated;

20 Equation 4 =SQR(K*7/22)

11



NNNN'N_?vUA&. p#10% & p#lO% & () - +& pH10% & () - +& p#l0% & () - +&
P#10% & () - +& p#10% & () - +& p#10% & () - +" N#NEN* N. NON2NnN. vU4& p#10% & () - +&

P#10% & ( woGu/pHINY & () - +& p#10% & () - +& p#10% & () - +SW  pe1/AU01/00578

r n#2N7 NCNDNGNKNONmMVE vU4A & p#10% & () - +& p#10W & () - +& p#Ll0% & () - +5Wrn#" &
PH10% & () - +& p#10% & () - +ONSNWKA NgNhNKNI - vUA& p#1096 & () - +5W r n#&

DH10% & () - +& PH10% & ()-+& pH#10% & () - +& p#109% & () - +kNoNSNWN{ NNN_?vUA&
p#1096 & pH10% & () - +& PH10% & () - +& PHL10% & () - +& pH10% & () - +&

p#10% & (TheEengthl 6P4nsisfon reyhiddNddNivNent WM& g FTY01& dejermined B0 86rRideting &he
PH10% & () - +& pHL0% & () - +& p#109% & () - +5W r n#NNNNNNNmMVE vU4& p#10% & () - +&

P#10% & (QirchBrfBrtABIBANG birt G bk Rchdhb ek () - +8& PH#L0% & () - +NNNNNNNI - VA&,
‘DH10% & () - +5W r n#& p#10% & () - +& p#L0% & () - +& p#10% & () - +&

p#109% & (%-- NNN 2 p#1096 & p#10% & () - +& p#10% & () - +& p#10% & () - +&
s & (BN 274

The incision length required for an intraocular lens was calculated according to the above
mentioned Equations for different swell ratios and refractive index and the calculations
are tabulated in Table 2. The calculations demonstrated that an intraocular lens
manufactured from an expansile flexible material would be less than that required for
10 non- expansile flexible lenses even those with a high refractive index. Similarly the
incision size required for an intraocular lens manufactured from an expansile ﬂexible'
material is less than that required for an expansile lens which is non flexible and can not
be folded. - Due to the inverse relationship of refractive index and swell ratio the
optinium wa;ter content appeared to be in the range of 35% to 65% with a range of swell

15  ratios from 1.2 tol.5.

The optic and haptic of the intraocular lens implant may be manufactured from the
same material as a smgle piece unit or the haptic may be attached to the optic by
a variety of mechanisms. Alternatively, only the optic may be manufactured from a
20 material which is flexible and has expansile properties whilst the haptic may be
manufactured from conventional materials such as polymethylmethacrylate or
polypropylene. There may be one or a plurality of haptics attached to the optic,

although the most common configuration includes an optic with two outwardly
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5 Itis also possible to implant a folded, expansile lens in front of the capsular bag behind
the iris with the haptics resting in the region between the root of the iris and ciliary
processes, known as the ciliary sulcus. Intraocular lenses of this type may also be
inserted in phakic eyes to correct refractive errors in front of the crystalline lens behind
the iris with the haptic providing support in the cilairy sulcus. Furthermore, as an

10  alternative site of implantation in phakic eyes, fol&ed, expansile intraocular lenses
may be inserted in front of the iris in the anterior chamber with the haptics resting in the

angle of the anterior chamber. The haptic can be supportéd Hixated on the iris.

Modifications and variations such as would be apparent to a skilled addressee are deemed

15  within the scope of the present invention.
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28 5 0.2 68% 1.55 1383 2.116857852
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folded dehydrated intraocular lens implant into the eye through an incision in the

5 eye and allowing the inserted intraocular lens implant to unfold and hydrate in the

eye.

2. The method accordidng to Claim 1, characterised in that the incision in the eye is

2.5mm or less.

3. The method according to Claim 1 or Claim 2, characterised in that a diameter and

10 a thickness of the intraocular lens implant , when dehydrated, are less than the

diameter and the thickness of the intraocular lens implant when hydrated in the

eye.

4. The method according to Claim 2 or Claim 3, characterised in that a radius of the

dehydrated introcular lens implant is less than 2.5mm.

15 5. The method according to Claim 2 or Claim 3, characterised in that a net thickness

of the folded dehydrated intraocular lens implant is less than 2.5mm.

6. An intraocular lens implant comprised of a polymer, wherein the polymer is

flexible and elastic when dehydrated so as to allow the intraocular lens implant to

be folded and inserted into an incision in the eye, and wherein the polymer is

20 expansile when hydrated, such that after insertion into the eye, the intraocular lens

implant hydrates and expands.

7. The intraocular lens implant according to Claim 6, characterised in that an optic of

the intraocular lens implant is comprised of the polymer.
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11.  The intraocular lens implant according to Claim 10, characterised in that the

copolymer is selected from a group including 2 hydroxyethylmethacrylate, N-
vinyl-2pyrollidone, methylmethacrylate and polydimethylsiloxane.

12.  The intraocular lens implant according to Claim 10, characterised in that the

15 copolymer is glyceryl methacrylate and a siloxane monomer.

13.  The intracular lens implant according to any one of claims 6 to 9, characterised in
that the polymer is selected from a group including silicone acrylates, uerthane-
siloxane-acrylates, fumerate endcapped siloxanes, and siloxane-hydrogel block
prepolymers.

20 14,  The intraocular lens implant according to any one of claims 6 to 9, characterised
in that the polymer is a fluorinated siloxane-containing monomer and at least one

vinyl-or acryl-containing hydrophilic monomers.
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