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design for controlling its axial displacenent after inplantation Field of

-4 nvent i omwumwmﬂm[m invention relates to the fiel dipDctoler200621 ar | enses
(I1QLs) a fically to a newlens with an inproved haptics design
for controlled or ?redi cabl e axial displacenent of the optical body in the
capsul ar bag af t er Intxsiogpiar lens having-# dgsigmtorotontrelling dta axial The
traditional 1OL comprises an optical pody .and haptics attached to the
optical body or th ‘%PJ%‘E‘?'%"B@?W@” 'mp@érlpy formed fromthe same piece of
material as the optical body. Polynethyl nethacryiate (PMVA) was early found
to be an excellent t 5 material for such | enses. and especially for the

| ens body, i@ of iveR@sh Optical characteristics and good bi oconpatibility.
Consi derabl e efforts have been focused on the haptics design for a nunber
of reaséns: the tissue in the eye being rather sensitive to external forces

ditisi t that th i cal _axis. of. th body. i.s kept centered
"hthe eye | ustAf Brevdninvbiiar et e i Sntrasepsf s gt adndorern o act
i's 20 vel | shdcifitalty & £awlens WRhGR BRprovedBMitico feshil BPESLRMUBE bepredicaer t he

years and which are related to various haptics designs. In preparation for
| ens i npl asxiat displacemsniafithy epticekbadyiin thecapsndat bag afiertimplantation) ar bag and t he
bag in nast cases is filled with a high viscosity solution, e.g. Heal onO
(Pharmaci a & Upjohn AB). Then the lens is inplanted through an incision, 25

via iriig. BatRerolifd 6feUhvwntidag and positioned with the haptics contacting
the wall of the bag and centering the optical body behind the iris. In

order to avoid that the optical body contacts the iris it is common

practice that t ] .certajr [ | ati,on. e.g. around 5-
| O degrees. rell?g? F%g&é"%ﬁcggx%ﬂﬁ?%gfﬁ ggtgpfi 9%@? h?nﬁ'%%fg%%ﬂepé% fhen the
hapti cs ar eptibodyadr tgomptiesissink integidly fomged fidie tHeaame \pidek lof mareikv@r ds 30
towards the posterior capsular wall. which in nost cases remains after
renoval of therpptifalbadn Polyarshyimethacrylat @ MYIAd wae earfyefoynd tajbe amegxseligabng t he

patien r ' t LGl It is easy to
reali z?t hgit1 t {aﬁgg@??}gﬁs'ﬁd téﬁi)éc opffb?gqez‘g%&% (He tg:.g?#%{)ﬁﬁﬁgm one

i ndi vi dual chavacerstiteeand gGed bimcomplatibilityi Corsidztabideffartschave bednufdeused de
positron of the capsul ar bag.,are. nmeasured prior to syrgery to give an
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centered in the eye, just to mention a couple of aspects to be considered. This fact is

20  well illustrated by the great number of patents published over the years and which are

related to various haptics designs.
In preparation for lens implantation the natural lens is removed from the

capsular bag and the bag in most cases is filled with a high viscosity solution, e.g.
Healon® (Pharmacia & Upjohn AB). Then the lens is impianted through an incision,

25  viairis. into the capsular bag and positioned with the haptics contacting the wall of the
bag and centering the optical body behind the iris. In order to avoid that the optical
body contacts the iris it is common practice that the haptics have a certain forward
angulation. e.g. around 5-10 degrees. relative to the optical body. After implantation
when the haptics are somewhat compressed in the bag. the lens vaults backwards

30  towards the posterior capsular wall. which in most cases remains after removai of the

natural lens. Since the size of the bag differs among the patients requiring a new

T —

*G00002*



predictable an error is introduced which is as high as around 0.2D for eath’
0.1 mm di spl acenent. Therefore) there is a need for |enses which during v
inplantation are placed in a predicted position and $hOetobee2002s in that
position. An inproved nethod for cal culation of the correct dioptre is

di scl osed in pending patent application 1 o EP96914495.5. An inportant

par anet er igifiidl 199 ictié @Ry &f rehlie hathé Sosiloade theiptitalGoBy Wil Gierel 65 from
measurenents by the ophthal nol ogi st in preparation for surgery, but it is

i mport ant tenedegividudto ap@hest f ect of the vault resulting fromthe

conpression of the haptics. S ortin | enent s. of e inplantable |ens,
i (rarP hapti cs, ar(te]e% @nﬁ@gqsooﬁlge % B lé'ﬁ'lnfgtuéer%c{slﬁ'rpg o?g}e canglfaétb%?’epur poses.
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{rd19
elenents at a con?rol | ed di'stance fromits ogti c part which toggt er with
two rods widflthe Iftletofwgmplanted; Hitke axidipositigrpef thé lene hedy is notcopepldtelyat ed by t he

irisis of a different type to tho di s¢cl osed_ab d ich are the
subj ect of RTFCtAblE an gfroy ‘ﬁ@'&?ﬂ"u“ eﬁnﬁﬁgh giaﬁgﬁ?‘taﬁa?émﬁéépgﬁf gaFhi0l e capsul ar
bag. Some ofiffdcemehS TRérefoR€ thetéd & afrie¥d fdr WhsdsyAficlp@ing ifpldatfidn Bk t he Ger man

pat ent specifications DE 24371 84 20 and DE 2538983. It is a demand for an
| OL to be lacedin ¢ predistednopision and whighwemains ipthajipagtiom Aseimpeovedpt i cal

t ft t ' tively of. the.si f the. |
bag or t he DRRHEISE eapyialet AEhd eariscCOREE s URcbuRt inpefainh el aobhipnc one
patient® 25P9eepaIos 3t hﬁﬁm@fvrt&h?aﬂaﬂl\éﬁﬁié tRdpdARidnDf ehealaptié PR whitAtear?

controlled or predictable displacenent of the optics along the optical
axis, as a heglstivad foomanaspurements hy therapbthalmalomisy ioprepiretiomfor sergeminkitt he

reaction force fromthe vitr I l.eved intraocul ar, | enses

) der ﬁ%gﬁ‘ QQF%F vadt r%%mm romBcho r n ?‘ e
havi ng par a{hsérf’pgganégﬁ?oémana‘ SPET & PEARTE ™A LE IREI S CURERS test ance to
each ot her ,hapsicsi Suppottitfptdi@hents 6fthéingplartable leffl @ cohwptiad, hredin@t@sse®iPf t he
tens is generally in the range of 7-1 S mm.and the dianeter d of the optics

4-8 nm Thdhglitsianue for difergatipusnoses, Eorggple Yrd paentdet 864 disclosesanoct ober
2002 as,.a ) I I I Jcal parts of the
haptic ‘tsog\gp%g‘%ﬂc%@?#@gteéegw?ﬁg} ﬁgéﬂ‘}f?ngﬁgfﬁ*e@cé (Z[Hglﬁg’k)g%:?%ﬁgvﬁiﬁg feature of
t he new degogpther svithiterocodsneitltintegposetib dnis. Ahisyypetufddnstidie Hedpiated bygltisene i s
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t he pl ane e optics as well as the plane of the haptics. However, the

i mport ant chairia fixatiorstype aieglischsediby the fizemarhpatent spesifications DB R#TA4t he hapti c
pl ane dth the optical body in order to avoid contact with the
iris i?@shélﬂgg%lpfsggg@abl y be larger. than half the thickness of the optics.
In general | CLsJ@Ek @ ddmahdfoaad UOL 2o BaTplhteiddik tharedpsular Gag whithpedvades abe
concluded that h in nost cases would be in the range of 0.2 to 1.0 nm It

i s further beeropieal oulcamefer caaraqt surgery dresprrivelymfithe sizeofhecapmlast i ¢) and b
(connectin I : { i ween a and b,
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maxi mum vault of 15 0.01 mmto be acceptable. we can conclude that with the
al ready defined geonetry of the |lens conbined with the geonetry of the
capsul @& bRpscHpeeiHhRIMNEBEPRf ness ratio a to b is found to be about 1 to
12. Wil e the connecting nmenber very well also in practice could have the
schematic design given in Figure 1 it is obvious to a person skilled in the
art that 20 nodiWé eavecomnfeund thgt aeomiretied orgugsatatdé Hisplacdnhens nbiht bptisnds, can

be utilized, as |ong. as the key feature of separatin he hapti | ane from
the opt i Ca!aloagémeoqqua _ ‘8?/%5".%“1& CW?W@&%%O"&F%&? h’(ﬁ:‘?‘_af"l‘u aﬂﬁggent
invention g aHPMAcd flomitgiNifedus boBNSEachave@by intdod QarliBied RMAY papillecan be
made of rigid material |ike PMVA as well as other bioconpatible. fol dable

mat er i @0s. optikendyagptioglanes displaced acpifatiledistanag to eachimiiessas isidliseaedionat i ons of

these materd gl | THE JBRN dSndheo o 6 WRRHIFH 8 arlgd S H14GAbIL08 or med

the diameter d of the optics 4-8 mm. The projected length of the haptic being defined



pi ece of material as the optical body, e.g. PMMA. which neans that they are
connected integrally with said body in what is often referred to as a
‘one- pi ece |l ens, In another enbodi ment the haptics ar 7 Oetobed 2002Dm a
different material conpared to the 30 optics and attached by nethods know
per se. for instance by plasma or corona di scharge bondi ng cl anpi ng,

pol yner i zat i @na whichlisiequad Lo 1Drdi/RcBe teo idetticeldatehn parpofthe haptic thdethdt ober

2002 | enses the.o?tics coulpi be Er ared froma stjiff material |ike PMVA
but pref er abFSPSBIIES the pRpLis Rlange { B fhigfactenzing ipatdrs ofshe nowdesien isithe: 1.

|t raocUl ar | g mbMBLANGAWKRA thWifprie pEARSUARRRAG Aliadlh PRERGRET | SI NG

a central optica y and haptics, said optica y an aptics having an
optical and dmiehi slagd. dmenersebgraatid predeqatioh anan e Figned this tdnmksting mempgect i ng
menbers are provided between the haptics and optical body separating the
haptic plSandsPresantedas bgng emnfﬁmaqaﬁelﬁg? the Qpuselaxise that igsubstantiallyar ger t han

hal f the thi f i el e | ffness rati.o of said
haptic to sa‘lfc %ﬂ%@ﬁc#gaétt% ng pcr@]irﬁ)ogﬁi]? 5‘9%8%%‘) eq a% (Eh_ el@%neaoﬁgﬁﬁ ﬁ?p)"_cf'ﬁgo‘ﬁeé’ﬁf'i cs are
within a pl ake i@?érﬁﬁﬁdhzﬁuéteﬂisticQs tHecdisuick Gledt isorke®betivién MRlHapdd plAREYd
whereby a controlled or predictable displacenent of the intraocular lens is

achi eved i n theplaagef the opticalbedy in erder Oriyoidcopiagt wish the igis at should preferably

body. 3. 1 niedafst (B palEndBRANER BUE SrRleBR e GR s et Lahpopt B “The

lens is @ ONRicRiaAE® dafNiferBRPbAEIILEEd THaOH T PMYA. cades Wdtlld BO ftHhR TadgRDF

according to claiml1, characterized in that the lens is a one-piece |ens
0.2to 1.0 mm.

It is further realized that the stiffness of the haptic parts a (haptic) and 4
(connecting member), or more correctly the stiffness ratio between a and b, is of
importance to accomplish a predictable displécemem. Assuming a maximum vault of

15 0.01 mm to be acceptable. we can conclude that with the already defined geometry of
the lens combined with the geometry of the capsular bag, the minimum stiffness ratio
ato b is found to be about 1 to 12.

While the connecting member very well also in practice could have the

schematic design given in Figure 1 it is obvious to a person skilled in the art that

20 modified connecting members, especially with smooth bends. can be utilized as long
as the key feature of separating the haptic plane from the optical plane is achieved.
One further embodiment of the present invention 1s shown in Figure 2.

Lenses according to the invention can be made of rigid material like PMMA as
well as other biocompatible. foldable materials. like hydrogels. soft acrylics.

25  urethanes. and combinations of these material.

The haptics are in one embodiment of the invention formed from the same
piece of material as the optical body, e.g. PMMA. which means that they are
connected 1ntegrally with said body in what is often referred to as a one-piece lens. In
another embodiment the haptics are formed from a different material compared to the

30  optics and attached by methods know per se. tor instance by plasma or corona

discharge bonding. clamping. polymerization or glueing. In these so called three-piece
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prepared froma foldable material. 5. Intraocular |lens according to claim
1, characterized in that the lens is a three-piece foldable | ens. 6.

I ntraocul ar | ens according to any one of clainms 1-417dDetobedt2002zed i n t hat
tHere is no displacenent of the haptics along the optical axis as a result
of corrpressi on forces and the reaction force fromthe vitreous body of the
capsul ar acting on the haptics in the_ capsul ar after inplantation.

. Intr aocu?eapesn@mptm@gmmbn@rmre@ mwsuff@mwéthlw W&M hut:peferablyeof
connectl ng mtaqa hs a[ﬁe ﬁubstantl ally perpendicular to the optical plane of
the | ens. TRY SO S | ens accor di ng to claim1 characterized in that
the haptics conprises two identical lateral parts. 9. Intraocular |ens
according to any one of clainms 1-7 substantially as herei nbefore descri bed
with reference to the draw ngs and/ or exanples. 5 . A@3e. Ay. A&Y. AN& ASTt 0?B
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1i) the stiffness ratio of said haptic to said connecting member is about 1 to 12;
and
iii)  the haptics are within a plane perpendicular to the optical axis of the optical
body whereby a controlled or predictable displacement of the intraocular lens
is achieved in the eye.

2. Intraocular lens according to claim 1, characterized in that the haptics are formed

integrally with the optical body.

3. Intraocular lens according to claim 1, characterized in that the lens is a one-piece lens
manufactured from PMMA.
4. Intraocular lens according to claim 1, characterized in that the lens is a one-piece lens

prepared from a foldable material.

5. Intraocular lens according to claim 1, characterized in that the lens is a three-piece
foldable lens.
6. Intraocular lens according to any one of claims 1-4, characterized in that there is no

displacement of the haptics along the optical axis as a result of compression forces
and the reaction force from the vitreous body of the capsular bag acting on the haptics
in the capsular bag after implantation.

7. Intraocular lens according to claim 5, characterized in that the connecting members
are substantially perpendicular to the optical plane of the lens.

8. Intraocular lens according to claim 1 characterized in that the haptics comprises two
identical lateral parts.

9. Intraocular lens according to any one of claims 1-7 substantially as hereinbefore

described with reference to the drawings and/or examples.



