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(57) Abrége/Abstract:

The invention relates to a lens implant for replacing the lens mass of an eye and has essentially the same size and shape as the
eye. The implant is elastic, hereby ensuring that the eye retains its accommodative capacity, and consists of two parts (10, 11)
with a different refractive index and/or different shapes. This enables the focal distance and shape to be easily adjusted to the
respective requirements. A distal part (11) i1s configured as a premanufactured part, while the proximal part (10) can preferably
be introduced Into the lens capsule in a flowable form.
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The lens i1mplant serxves to replace the lens body

of an eve and pogssesses supstantially the same size and

shape. It 18 elastic such that the eyve gets back its capabil-

by for accommodation. It consists of two varts (10, 11) with

ditfering refracuive i1indices and/or differing shapes, which

allows to adapt the focal length and shape to specific re-
cuiremencs in simple manner. A distal part (1l1l) i1s prefabri-
cated as pre-made lens part, while the proximal part (10)

preferably be brought into the lens capsule 1n a flowable

st.ate.
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634i1Ccs  LENS IMPTANT
CROSS3-REFERENCE TO RELATED ADPLICATIONS
"
Thiis application claims the priority of Swiss
patent application No. 0212/00, which has bheen filed on 3
February 2000 arnd of which the entire enclosure i1s included
herein by reference .
10
BACKGROUND
The invention relates to a lens implant and a kit
15 and a method for producing a lens i1mplant in accordance with

the preamble of the i1ndepeéendent claims.
A lens implant of this kind is known e.g. from US
4.608_050 oxr WO 89/00029. It consists of a flexible body
which replaces the lens body of the eve. Its shape and size
20 correspond substantially to the one of the typical lens body.
Due to its flexibility it allows an good accommodation of the
Gy
In order to adjust this lens implant to the i1ndi-
vidual requirements of an eye, a plurality of implant bodies
25 with various different refractive indices must be may avail-
arle. This necessitates large expenditures. It has been
found, furthermore, that Lhe implant bodies meet the regquire-
ments regarding stability and simultaneous accommodabtion
properties in a limited manner only.
30 FR 2.698.264 describes a lens consisting of Cwo
partial lenses between which a filler mass 1s arranged. The
part lenses form the outer shape of the lens and replace tlhie

lens capsule. Because to this connecting the lens to the ocu-
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lary accommodation aechanism becomes diffiiculy. Furthernmoro,
the mechanical properties of the liens are quite cdiflfferent
fromn the ones of a rnaturel lens which rendcers the accomwuwncda-
Lion more ditftficult.

In US $5.27%.623 a lens implant 1s discloscd which

consists of a hag with two lenses. The bag 18 filled by a gas
oY a liquid. Due its symmetry, however, this lens features
properties that basically deviate from the ones of a natural

lens so that it hardly can be satisfactory in practice.

PRESENTATION OF THE LINVENTION

Thus, there 1s the object to provide a lens im-
plant and a kit and a method, respectively of tChe kind men-
tioned above which avoid these drawbacks.

This object 1is met by the lens and the kit and
the method, respectively, in accordance with the i1independent
claims.,

The lens implant according to the invention Con-
sists thus of a first deformable part and a second part,
wherein the two parts have different refractive index and/or
different elastic deformability. The first part forms the
proximal portion and the second part a distal portion of the
lens 1mplant.

Zccordingly, the i1mplant c¢an ke set together oL
two differing parts which allows to adjust the focal distancs
and/onr the mechanical properties to suit the respective re-
quirements in a simple way. Thus, the first part can ¢.g. ba-
sically define the size and the volume, respectively, oi the
lens and ensure the accommoedation while by choosing the sed-

ond part the focal distance and/ox the distal shape can be

set .
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The i1mplant has essentially the shape of the leuns
pody Lo bbe replaced so that 2t Labts 1nto the lons capsule ana
Ti1ills same properly. To this cnad the distal surliace of the

implant should have a strongor curvature than Lhe proxima !
surtface.

The first part consists preferebly of a mater:al
which is cureablce intraoccularly from a flowable to an elas-
tically deformable state so that 1t ¢can be made to adapt to
the shape of the lens body replaced in a simple way.

For a good accommodating capability the first
part should be better elastically defermable than the second
part, specifically if latter defines the distal surlace of
the lens i1mplant.

The second part can be designed elastically de-
formable, suitable for a introduction into the leéens capsule
11 a yolled up or folded state. This 1s specitically advanta-
geous in combination with a cureable first part, because the
first part can be used in this case feor a filling the lens
capsule and guarantees accommedation capability, while the
focal distance of the lens implant is given by the second
pari .

rPpreferably, the second part forms the distal por-
tion of the lens impliant so that it forms a wall which sepa-
rates the first part from the distal part of the lens cap-
cule. This allows to remove, if necessary, the distal part ot
the lens capsule 1f such should become opaque.

The kit for the production of such lenses in-
~ludes prefcrably at least one flowable filling material and
4 plurality of pre-shaped lens parts for the Iormirig the sed-
orrd part. The lens parts feature various different shapes
and/or refractive indices. Thus, it 1s possible to produce
with only onre single filling material a plurality oif lens 1 10—

plants of various differing focal distances and shapeg.

h,
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SHORT DESCRIPTION OF THE DRAWINGS

Further embodiments, advantages and applications

of the i1nvention follow from the adependent claims and the now

following description with reference to the drawings. It 1S

shown 1n:

Figure 1 a section through a normal eyve,

J

Figure a section through an eye with lens im-
pitant,

rFigqure 3 a possible preoduction method for the
lens . itmplant and

Figure 4 a section through an eye with an alter-

native embodiment of the lens i1mplant.

WAYS FOR EMBODYING THE INVENTION

The part ©of the eye that are the most 1mportant
cnes in the present context are l1llustrated in Fig. 1 and in-
clude the lens 1, consisting of a lens capsule 2 and a lens
body 3, the 1riais and the cornea 5.

The lens 1 1s an elastic body of whaic¢h the curva-
ture changes upon a contraction of Mialler's muscle 6, €0 that
an accommodation of the eye to various [ocal distances be-

L

comes possible. With increasing age, however, the lens body 3

-

becomes harder, which leads to a partilial or complele loss ot

rhe accommodation property.
The present ilnvention relates to a leng impranl
which replaces the lens body 3 of the eye. Such a lens i1s il-

il

lustrated in Fig. 2. It consists of two transparent parts 10,
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11 whnich abut against cach ¢other and which together have
about the zsame size and shape as Lhe replaced lons body A
corrrodatec to infinitty . Thus. tne distal surfzce lze of the
jens Lorpeoant 1s curved strongerx than the proxama. surtace LU0
c 15 tho case at the lens body. The torm proximal denotes,
in this context, the lens side facing the cornea, the term
distal the lens side facing the retina.

The lens inmplant has the same =zi1ze and shape as a
natural lens body when it has a convex proeximal surtaces with
a radius of curvature between 8.4 and 13.8 mm, a convex dis-

tal surface with a radius of curvature between 4.6 and 7.5 mm

and a thickness between 2.8 and 5.5 mm. The typical eguator
amounts for eves of grownups to about 9 te 11 mm. Typical
proximal and distal radii of curvature are 10 and 6 mm, re-
spectively.

The lens implant, i.e. specifically 1ts first

part, features optical and elastic properties whnich are simi-

lar to those of a lens body with a good accommodaltlion capéa-
Bility. It is usually enclosed tightly by the lens capsulie /2
and generates, just as a natural lens body, & intracapsulate
pressure. Upon contraction of the Miller's muscle & the cur-
vatrure of the surfaces of the lens implant, and accordingly
its focal width, changes. Thus, the lens implant giveg a
natural accommodation capability to the eve. To this end the
smlume of the first part 10 should be larger than the one Of
the second part. Prelerably also the total diameter perper-
dicular to the axis should be larger at the first part than
at. the second part.

The two warts 10, 11 of the lensg implant preferas
bhly feature refractive indices that diifer rrem cach atrher.
During the production of the lens the first, proxaimal part 10

e made to suit the size and shape of the lens body 3 Lo bDe
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replaced whereas the second, distal part 11 is a pre-
fapricated, elastic, shaped body.

When producing the lens tne two parts 10, 12 [ful-
f1l different obhjects. The proximal part 10 defines the voli-
um:= of the lens. The distal part 11 renders stability to the
rear leng portion and allows Lo adjust the focal distance to
the regpective evyve 1ndividually. To this ocnd & kit 1s avail-
able for the person skilled in the art for producing the lens
which includes the flowable filling material and a plurality
of pre-fabricated lens parts. The lens parts differ fxrom each
other in their refractive index and/or theilr shape.

The lens implant is produced by bringing togelher
the flowable filling material and one ¢f the lens parts and
the fi1lling matexial 1s cured to the desired rigidity. This
can proceed outside of the eye or i1ntraoccularly. Hereto, the
eye L5 1nitially measured in order to determine the tocal
distance and the shape of the iens body and, respectively, in
order to determine from the properties of the eye the desired
refractive index of the implant. From this 1t c¢an be calcu-
ilated which of the availapie lens parts 11 shall bec used =0
that the lens implant i1mitates the desired focal distance as
cleose as possible.

In a preferred production method the lens implant
is produced intraoccularly. Hereto, 1in the first step a small
cpening is cut into the lens capsule 2 and the lens body 3 13
removed. This procecds preferably by ultrasonics, laser tech-
nique, phacocmulsification or laserfakocmulsificaticon. Corre-
sponding methods are known to the person skilled in the art.

The distal part 11 of the lens 1s 1ntroduced
thercafter into the lens capsule which has been holloweda ac-
cordingly. In order to allow the lens part 11 to be inserted
even through such a small opening, i1t 18 elastcically derorm-

able so that they can be rolled up or folded and be inserted
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b?f means ot a injection innstrumentl. . A Loastrument of iy kiirma
Ls disclosed e .g. in US 5.6040G.450.

'The distal part which has been inscroed exrends
and roughly attains Ltne desired position in the lens capsule.
In a relaxed state 1t has a concave-concave curvature such as

i digsclosed in Figs. 2 and 2. It forms the distal side ot

the lens implant and the shape of 1ts convex surface liZa cor-
responds to the one of the distal surface of the lens body to
be replaced. Depending on what 1s reqgquired from the optical
and mechanical properties, the distal part 11 can also be bi-
convex, i.€¢. 1ts proximal surface can be bent towards the
front or towards the back or be planar.

After the distal lens part has been positioned,
the proximal lens part 10 1s injected into the lens capsule 2
through a injection apparatus 13 in the form of a falling ma-
terial in a flowable state and the lens capsule 2 is filled
in its state accommodated to infinity. In this step, such an
amount of filling material 1s 1njected that the volume of tae
lens implant corresponds substantially to the one of the pre-
viously removed lens body.

The lens capsule 1s, thereafter, closed and the
poroximal lens part 10 is cured to the desircd rigidity, which
can pe achieved e.g. by a chemically, electrically or opti-
cally induced cross-linking. Suitable filling materials and
technigques are known to the person skillea in the art e.dg.
from UJS 4.608.050 or WO 39/00029.

A cross~linked polysiloxane, a hydrogel or a col-
lagen-preparation can. e.g. be used as a filling material.
Preferably, a gel is uscd because regarding it has a <consis-
tency similar to the lens body.

Arranging of the pre-fabricated lens part 1l at
the distal side of the lens has the advantage that 1t forms a

relatively stable rear wall {or the lens. If a clouding oC-
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curs after the implanting at the distal are
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zule Z, tChe lens capsule Z can be removed in such th BT SR

Iy means of Ltaser rayvs., The lens part 11 shields also withoul
lens capsule 2 the possibly staill flowable, physiologically

l(-j;g:;g; CQ}H‘F)&tibl(& flrgt lens part 10 fTrom the vitreou&: 1’)0@}7 O

the eye and all othey structures of the interior of the eve.
Because opening of the rear capsule by a laser is never uni-
form, the softer material of the first lens part would other-

wise leak ocut at the back because the capsule 1s subjected to
pressure. This would destroy the oplical function of the
lens. Lens part 11 prevents such a leakage.

However, in particular 1f a more stable, phvsio-
logically well compatible material 1s used for the first lens
part 10, the second lens part 11 can e.g. also be located in
the center or 1in a proximal portion of the lens implant. .

A second embodiment of the invention 1s 1llus-
trated 1n Fig. 4. Here the distal part consists of a bag l1lla
which 1s f11lled by the transparent filling materaal 11b. This

structure has the advantage of producing a relatively large

distal part 1lla, 1llb without that a large hole must be made
in the lens capsule. After rcomoving the lens body 3, the bag
11la 1s first i1nserted 1n an empty, rolled state anto the lens
cansule. Therecafter a i1njection needle is inserted through
the same opening. By means of the needle the fi1lling materaial
1lh 15 ted into the bag lla. Finally, the proximal part 10 1s
firiled in.

The bag lla 1s cut and pre-shaped in such a man-
nec that 1t attains the desired shape in the filled state. In
the kit mentioned above at least a part of the pre-shaped
lens wmarts, 1n particular the larger ones thereoct, may be
provided as bags lla.

Subject ot the present invention is a lens im-

R

plant and a kit for the production of such lens rmplants. The

- 8



{1

10

15

CA 02399406 2003-01-06

CA 02399406 2003-03-05

nvention relates, however, also to the above described, inrn-

tracoccular method oif production, in which the fZliing mate-

rial for the first part 10 of the lens 1s introduced 1n a

flowable slalbe and a surtable lens part 11

solid state into the lens capsulc 2. Prefterably, the rigidaty

thereafter increased by a curing.

15 inoroduced 1 A

of the first lens part 15

During tnis, the capsule should te accommodated to infinity.

in the present application preferred em-
shall be

Whereas

bodiments of the invention are described, 1t

clrearly understood that the 1nvention i1s not limited thereto

but can be also embodied otherwise within the scope of the

Ffollowing claims.

T ¢ s eVl Y e, s o
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CLAIMS (as filed orrginally)

1. Lens imoplant for placcement 1nto the lons cap-
sule (2) and for replacing the lens body (3) ©of an eve, which
has substantially the snape of the lens body (3) to be re-
placed, with a distal surface (l2Z2a) and a proximal surface
(12, wherein the distal surface (l2Z2a) has a stronger curva-
ture than the proximal surface (12b), and with a tirst de-
formable part (10), characterized 111 that 1t comprises a sec-
ond part (11) having a refractive 1ndex and/or an elastic de-
formability that differs from the one of the first part (10},
which first part (10) forms a proximal portion and which sec-
ond part (11) ferms a distal portion of the lens implant.

2. Lens implant of claim 1, characterized in that

the second part has a refractive index which differs from the

one of the ftirst part (11).

2. Lens implant of any of the preceding claims
characterized i1in that the first part (10) and the second part
(11) abut against each other.

4. Lens implant of any of the preceding c¢claims
characterized in that the first part {(10) 1is cureable intra-
occularly from a flowable to a elastically deformable state.

5. Lens implant of any of the preceding claims
characterized in that the second part (1l1) 1s elastically de-
formable for introduction into the lens capsule in a rolled
urn 0Y folded state.

5. Lens implant of any of the precading claims
characterized 1in that the first part (10} forms the proximal
surface (12b) .

7 Lens wmplant of any of the preceding oclaims

characterized 1n that a distal saide of the second parc (11)
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1s curvesd 1 its relaxed state for forming tLhe convex distal
suirface (iza) of thoe lens implant.
2. Lens iLmplant ot any of the preceding claims
cnaracterized in that the first part (10} includes at least &
macerral selected trom the agroup ceonsisting of cross-linked
polvsiloxanes, hvdrogels and c¢ollagen preparatzons.

9, Lens i1mplant of any of the precedinag claims
characterized in that the first part is better detormable

that the second part, and in particular that the first part

is better elastically deformakle than the second part.

10. Lens implant of any of the preceding claims
characterized in that the first part is a gel.

11. Lens implant of any of the preceding claims
characterized in that the first part comprises a bag (lla)
fitled by a £i1lling material (11lb).

12. Lens implant of any of the preceding claims
characterized in that the proximal surtface is convex with a
radius of curvature between 8.4 and 13.8 mm, and in that the
distal surface is convex with a radius of curvature between
2.6 and 7.5 mm, and in that the lens implant has a thickness
petween 2.8 and 5.5 mm.

13 . Lens implant of any of the preceding claims
characterized in that it is dimensioned and shaped in such a
manner that it has substantially the dimensions and shape ot
a natural lens body.

14 . Lens implant of claim 13, charactcerizses in
that it is dimensioned and shaped in such a manner that 1t
has substantiallv the dimensicons and shape of a natural lens
body accomuodated to infinity.

15. Lens implant of any of the preceding <claims
characrerized in that the first part (10) has a volume that

cxceeds the volume of the second part (11 .

-ttt am. . i nmblanad s ol v .. b Aras dh vkl bt A Pt LY YLt s vl
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16. Lens molant of any of the preceding claims

chzrecterized in that the first part (10) has a dlameter FIlac

-

¥

exceeds the diameter of Lhe second part. (1) .
17. Kit for Lhe produaction of lens implants of

any of the preceding claims characterized py at least one

flowakhle £illing matcrial for forming the Tirstc part (10),
and a pluralitcy of preshaped lens parts for a forming of the
second part (11), which lens parts have diflfering shapes
and/or refractive indices.

18. Kit of ¢laim 17, characterized in that the
iens parts feature differing refractive indices.

19, Kit of any of the claims 17 or 18, character-
ized in that the filling material i1is cureable from a flowable
1Nnto a elastically deformable state.

20. Kit of any of the claims 17 to 19, charxactear-
ized i1in that at least a part of the lens parts consist of
praeshaped, fillable bags (lla}).

21. Method of replacing the lens body of an evye
by a lens implant, comprising the steps of

removing the lens body from the lens capsule ot
the eve,

introducing a solid, elastaically deformable lens
part (11) into the lens capsule (2) forxr the forming of a dis-

tal part of the lens i1mplant and

introducing a flowable filling material into the

ons capsule at a proximal side of the deformable lens part

.‘---'

(11 for the forming of a proximal part (10) of the lens 1m-
pLantc.

22 . Method of claim 21 in which the flowabhle ma-
terial 1z cured intraoccularly.

23 . Method of any of the claims 21 Lo 22 1n wnich
tha eye is accommodated to infinity during the curing of the

flowable filling material.

- 12 -
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24 . Method of any of the claims 21 to 23, com-

pPrising the step of

celeciing the solid, elastically deformable lens

part (il) out of a set ol lcns parts with various difterent

yefractive 1n-

refractive indices 1n accordance Lo a desired

dewx determined from properties ot the cye.
21 to 24. charac-

C Method of any of the claims I

2
rerized in that such a amount of the flowable filling mate-

rial is introduced into the lens capsule that the lens im-~

plant has substantially the same volume as the removed lens

oocdy .
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