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Intraocular Lens Implant

Background

The invention relates to the technical field
human and veterinary medicine and in particular of oph-
thalmic surgery and concerns an intraocular lens implant
for placement into a lens capsule and it furthermore con-
cerns compositions, kits and methods related to the lens
implant.

Intraocular lens implants for implantation
into the lens capsule are known in the art. Removal of
the native lens and replacement by an artificial intraoc-
ular lens is one of the most frequently performed surgi-
cal procedures in the world mainly for the treatment of
cataract. Increasingly, this procedure is also envisioned
for treatment of other lens defects such as age-related
presbyopia. Generally, for lowering the risk of infec-
tions due to the surgery, care i1s taken to keep the open-
ing of the eye and lens capsule through which the native
lens body is removed and the artificial lens implant is
introduced as small as possible.

A variety of commercially available lens im-
plants accordingly are adapted to be introduced through
small incisions into the capsular bag by being of a small
size and / or by being made of artificial materials which
are flexible such as silicone and acrylic materials. Usu-
ally such small lens implants comprise an optic zocne and
one or more haptic elements for fixing the implant to the
capsular bag. Some accommodating lens implants available
in the art connect a lens implant with haptic elements to
the capsular bag such that it responds to the contraction
and relaxation of the zconular apparatus of the eye for
accommodation of the eye between near and distant vision.
However, both the small size of such implants and the

high refractive index of these flexible materials have
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caused an increased rate of dysphotopsias following cata-
ract surgery with reflections of light on the retina dis-
turbing vision in particular at night. A further common
complication with intraocular implants is the formation
of a secondary cataract.

In an alternative approach described in
EP1251801, a full size lens implant was provided which
corresponds in its size approximately to a physiological
size of a lens body. It comprises two parts both made of
artificially made materials for replacement of the lens
body which when implanted are juxtaposed to the anterior
and posterior inner surface of the capsular bag. The pos-
terior part of this two-part implant is made of a solid
preferably flexible material facilitating its placement
into the capsular bag. The anterior part of this two part
implant is artificially made by e.g. synthetic material
or by a material based on isolated natural preparations
and includes e.g. polysiloxanes, hydrogels or collagen
compounds which are introduced into the capsule prefera-
bly in a liquid state until the capsular bag is essen-
tially filled and then cured in situ. The resulting the
two-part artificial lens implant thereby creates an in-
tracapsular pressure like a natural lens body. The mate-
rial in particular of the anterior part is selected to
have similar elastic properties as a natural lens matter.
Advantageously, this full size artificial lens is thereby
designed to interact with the native accommodative system
of the eye, i.e. with the zonulas and the ciliary muscle
like a natural lens. A contraction of the ciliary muscle
causes the zonulas to loosen and thereby causes in par-
ticular the anterior part of this two-part implant to as-
sume a rounder shape. Thereby, as in a native lens, the
increased curvature of the surface of the implant pro-
vides accommodation for near vision. Furthermore, it
overcomes some of the disadvantages of smaller sized im-

plants mentioned above.
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However, this two-part full size lens implant
still suffers from disadvantages which are also present
in other types of lens implants capable of accommodation:
It has been found that the lens capsule loses its elas-
ticity within approximately 10 years after implantation
of an artificially made implant with concomitant loss of

the capability of accommodation for near vision.

Disclosure of the Invention

Hence, it is a general object of the inven-
tion to provide an improved intraocular lens implant, in
particular in combination with a capsular filling compo-
sition, for overcoming disadvantages of artificial lens
implants available in the art.

In a first aspect, the invention provides an
intraocular lens implant for a placement into a posterior
portion of an intracapsular space after removal of a na-
tive lens body from a lens capsule cof an eye. The lens
implant is formed of one part and is manufactured from
suitable non-cellular structural transparent material.
The lens implant does not reach into an anterior portion
of the intracapsular space, 1.e. the anterior portion of
the intracapsular space 1s kept free of non-cellular
structural material or components thereof. The lens im-
plant is devoid of any further part formed by non-cellu-
lar structural material or components thereof. The lens
implant is dimensioned to comprise at most 40% of a vol-
ume of the native lens body. The lens implant has a con-
vex posterior surface with a curvature which is shaped to
fit a curvature of a posterior inner surface of the cap-
sule.

The terms native lens or native lens body re-
fer to the actual lens or lens body which was removed by
surgery or they may refer to an average size of a physio-
logical lens or lens body representative for a patient

group such as e.g. adult human patients. The term lens
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body refers to the part of the lens which comprises the
lens fibers.

A transparent shell called lens capsule (or
capsule for short) surrounds the lens body. Removal of
the lens body comprising the lens fibers from the capsule
results in an essentially empty capsular bag surrounding
the intracapsular space. Such an empty capsule i1s essen-
tially free from lens fibers, but it still comprises some
or most of the lens epithelial cells lining the inner
surface, in particular the inner anterior surface and
also the inner surface in an eguatorial area along the
equatorial circumference of the capsule. Advantageously,
gentle surgical procedures are available which leave most
of the lens epithelial cells untouched (see below).

The lens implant according toc the invention
is manufactured from a suitable transparent non-cellular
structural material. The degree of transparency may be
selected according to the therapeutic use of the lens im-
plant and may include partially transparent materials.
The term non-cellular structural material refers to a
structural material suitable for replacing removed lens
fibers that does not comprise lens fiber cells or other
biological cells. The non-cellular structural material is
in particular a flexible material comprising manufactured
inorganic or organic, artificial or natural structural
material such as in particular polymeric material, e.g.
polysiloxanes, hydrogels or collagens. It is in particu-
lar selected from a silicone, a hydrophobic acrylic mate-
rial, a hydrophilic acrylic material, a hydrogel or a
collagen polymer. The term subunit of the non-cellular
structural material refers to components of the struc-
tural material such as e.g. monomers, dimers or oligomers
of a polymer or polymer blend.

The lens implant according to the invention
is formed of one part that replaces at most 40% of the
native lens body, i.e. the lens implant fills the volume

of the previously emptied capsular bag only up to at most
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40%. In some embodiments the material composition of the
one-part implant homogenous. In other embodiments the ma-
terial composition may vary in different zones of the
lens implant. It may differ e.g. in a central area around
the visual axis from an equatorial area along the equato-
rial circumference. Since the lens implant is placed into
the posterior portion of the capsular bag it keeps the
anterior portion of the capsular bag free of non-cellular
material. The lens implant is devoid of any further part.
Reconstitution of the remaining volume of the lens body
will occur after implantation of the lens implant by
growth of cellular lens fibers.

Thus, the lens implant is an intracapsular
implant, wherein the implant is complete by the one part
of transparent structural material making up at most 40%
of the volume of the removed native lens. This one part-
lens implant is the sole deposit of non-cellular struc-
tural material inside the capsular bag. The lens implant
is shaped to replace only a posterior portion of the lens
body and to allow for the regeneration of an anterior
portion of the lens body by lens fiber cells.

The term curvature of the posterior surface,
(or posterior curvature for short), relates to the curva-
ture of the posterior surface of the lens, or of the lens
implant, either of which is juxtaposed to an inner poste-
rior surface of the capsule. Evidently, radii of essen-
tially identical or concentric circular bodies define
these posterior surfaces. In particular, the term poste-
rior curvature refers to the posterior curvature of the
lens and lens capsule in a relaxed state of a ciliary
muscle of the eye, i.e. in a state of the lens adapted to
far vision. Notably, however, during accommodation the
posterior curvature of the native lens does not change
much, certainly not as much as an anterior curvature of

the native lens does.
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Furthermore, the natural curvature of the
posterior surfaces of lens and capsular bag closely ap-
proximates the curvature of a sphere. The posterior ra-
dius of curvature of a physiological lens averages in a
range of about 5.5 mm to 6 mm. The term shaped to fit a
curvature of a posterior surface of the capsule therefore
refers to an essentially spherical posterior surface with
a radius of curvature ranging approximately from 5.5 mm
to 6 mm plus or minus 25 percent, in particular plus or
minus 20, 15, 10 or 5 percent. Thus, advantageously the
posterior surface of the lens implant juxtaposed to the
inner posterior surface of the empty capsule does not
have to fit without any gap. The inventor observed that
such a gap between an implant’s posterior surface and the
inner posterior surface of the capsule is filled follow-
ing implantation by remaining lens epithelial cells. Be-
cause in response to a reduced intracapsular pressure
these epithelial cells proliferate, grow and differenti-
ate according to their physioclogical pathway to form one,
several or many layers of transparent epithelial and / or
lens fiber cells until a physiological intracapsular
pressure is reached. The observed thickness of newly
formed tissue filling the gap ranged from 1 pm to 1 mm,
generally up to 100 pm or up to a few hundred um such as
up to 200, 300 or 400 pm. This type of controlled tissue
growth was only observed after implantation of suitable
implants under circumstances which postoperatively still
provide for an intracapsular pressure which may be re-
duced, but is preferably reduced by less than a factor of
two compared to a physiological intracapsular pressure.
In contrast, if postoperatively there is essentially no
intracapsular pressure present, remaining lens epithelial
cells often engage in abnormal cell growth resulting e.g.
in the formation of fibers and pearls and secondary cata-
ract (posterior capsular opacification).

In some embodiments, the maximal length of

the radius of curvature of the posterior surface of the
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lens implant juxtaposed to the inner posterior surface of
the empty capsule is larger than the length of the poste-
rior radius of curvature of the native lens body. The
flexibility and elasticity of the capsular bag is able to
compensate an increase in length of up to 25 percent, in
particular up to 20, 15, 10 or 5 percent compared to the
length of the posterior radius of curvature corresponding
to the native lens.

In some embodiments, the posterior radius of
curvature may be adapted according to measurements of the
native lens body prior to its removal as obtainable e.g.
by optical coherence tomography. The posterior surface of
the lens implant may be shaped to fit the measured sur-
face of a removed lens body within a tolerance of e.g. up
to 10 pum or up to 100 um, 300 pm or 1 mm, or in particu-
lar of around 100 pm plus or minus 25 pm or 50 pm.

In a second aspect, the invention relates to
a capsule filling composition for use in intraocular sur-
gery for filling an intracapsular space after removal of
a native lens body from a lens capsule of an eye and ac-
companying the introduction of a lens implant manufac-
tured of a suitable transparent non-cellular structural
material as described above. The lens implant which is
placed into the posterior portion of the intracapsular
space only partially replaces the volume of the native
lens body, at most up to 40%. The volume of the filling
composition introduced into the capsule is adjusted such
that together with the volume of the implant it provides
for filling the capsule up to a volume which essentially
reconstitutes the volume of the native lens body which
was removed or of a lens body of an appropriate average
size. The capsule filling composition is of an aqueous
composition and is devoid of a non-cellular structural
material which itself serves for the structural replace-
ment of the lens fibers of the native lens body (2). The
filling composition also does not comprise subunits of

such materials, and in particular not subunits in amounts
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useful for formation of polymers as replacement of native
lens fibers e.g. by in vivo curing as described in
EP1251801.

However, the filling composition may comprise
living cells for regenerative replacement of lens fibers
originally present in the native lens body. Alterna-
tively or additionally, it may comprise biochemical in-
gredients, in particular ingredients described below
which promote regeneration of lens fibers by living cells
e.g. ingredients which stimulate the proliferation and/or
differentiation of living cells and in particular of lens
epithelial cells.

Thus, in contrast to conventional implants,
the implant and the filling composition according to the
invention keep the anterior portion of the intracapsular
space and in particular the anterior inner surface of the
lens capsule with the lens epithelial cells untouched by
non-cellular material and artificially made structural
components. This is significant because the lens epithe-
lial cells lining the inner anterior surface of the cap-
sule are secreting the basement membrane constituting the
anterior lens capsule during the entire life time. This
keeps the anterior capsule flexible over a long time. In
fact, the lens capsule generally is flexible up to an age
of around 80 years in individuals without a lens implant,
whereas in contrast after the implantation of a conven-
tional lens implant already after about 10 years the cap-
sules flexibility deteriorates often to the point of im-
pairing or destroying the ability of accommodation.

Thus, advantageously, the implant according
to the invention, the capsular filling composition ac-
cording to the invention and the kit comprising both of
them keep the anterior portion of the intracapsular space
free of introduced artificial lens implant material and

non-cellular structural components which may interfere
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with the lens epithelium cells’ production of the base-
ment membrane and thereby compromise the flexibility of
the capsule and the capability of accommodation.
Furthermore, the filling composition advanta-
geously provides for a replacement of the volume required
for building up an intracapsular pressure, which essen-
tially corresponds to the physiclogical intracapsular
pressure prior to the removal of the native lens body.
The filling composition as a physiological aqueous compo-
sition such as physiological saline optionally comprising
suitable further ingredients known in the art allows or
promotes the bioclogical production of lens fibers by en-
dogenous lens epithelial cells remaining on the inner
surface of the capsule and/or by cells, in particular
lens epithelial cells which are introduced into the in-
tracapsular space along with or comprised in the filling
composition. Recent work by Lin et al. (Nature, 531, p.
323, 2016), Lovicu et al. (Exp Eye Res, 142: p. 92, 2016)
and others has demonstrated that lens epithelial cells
are able to multiply and differentiate into lens fiber
cells both in vitro and in vivo, demonstrating their
ability to reconstitute a clear lens body or a portion
thereof. Furthermore, the filling composition may advan-
tageously facilitate the implant’s remaining in a posi-
tion in the posterior portion of the intracapsular space.
During an initial period after surgery while
lens fibers are regenerating and gradually replacing the
native lens body as far as it is not replaced by the im-
plant, the accommodative capacity of a treated eye 1is
gradually recovering with time. Advantageously, independ-
ent of the state of this regeneration, some degree of
distant vision is possible already within a few hours af-
ter surgery due to the refractive power of the lens im-
plant placed into the posterior portion of the capsule.
In a third aspect of the invention, the lens
implant described above and the capsule filling composi-

tion described above are combined in a kit. The capsule
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filling composition of the kit advantageously provides
for filling the volume of the intracapsular space and
promoting cellular lens fiber growth after removal of the
native lens body while leaving the anterior portion of
the intracapsular space free of non-cellular material.
This kit overcomes disadvantages of prior art implants as
described above. In particular, the physiological cellu-
lar replacement of the native lens in the anterior intra-
capsular space provides for sustained elasticity of the
anterior capsule required for accommodation.

A further advantage of the lens implant and
filling composition according to the invention as men-
tioned above, is a reduction in the rate of formation of
a posterior capsule opacification (secondary cataract) by
uncontrolled growth of cells remaining in the capsule.
However, in the event that a posterior capsule opacifica-
tion nevertheless does occur, the placement of the im-
plant according to the invention juxtaposed to the inner
posterior surface of the lens capsule permits a particu-
larly effective treatment: Areas of the posterior capsule
that have thickened and turned opaque may be fully re-
moved, by laser surgery such as e.g. by posterior cap-
sulotomy using e.g. a Yag or a Femto laser across the en-
tire thickness of the posterior capsule without creating
a hole in the shell surrounding the intracapsular space.
Thereby the implant enables full removal of opacified ar-
eas of the capsule in a wider range of cases.

A further aspect of the invention relates to
a method of providing a personalized intraccular lens im-
plant or a kit as described above for replacement of a
native lens body. In some embodiments, the method com-
prises a step (a) providing of results of measurements
regarding dimensions and / or optical power of an eye
and/or comprises measuring dimensions and / or optical
power of an eye. Such results or measurements concern in
particular e.g. the optical power of the cornea or the

native lens, the dimensions of the cornea or the lens,

10
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the length of the eye alcong the visual axis or the curva-
ture of the posterior surface of the lens or lens cap-
sule, etc. Furthermore, the method of providing a person-
alized kit or implant comprises a step (b) of selecting
an implant as described above which is adapted regarding
the provided or measured results of step (a).

A further aspect of the invention relates to
a method of medical treatment of a patient comprising
surgical removal of a native lens body and replacing it
with an implant as described above and a capsule filling
composition as described above, in particular for a

treatment of cataract or presbyopia.

Brief Description of the Drawings

The invention will be better understood and
objects other than those set forth above will become ap-
parent when consideration is given to the following de-
tailed description thereof. This description makes refer-
ence to the annexed drawings, wherein:

Fig. 1 shows a sectional view of a healthy
human eye depicting schematically parts relevant in the
context of this invention.

Fig. 2 shows a schematic sectional view of a
human eye after use of an exemplary embodiment of a kit
comprising an exemplary embodiment of an intraocular lens
implant and of an exemplary embodiment of a capsule fill-
ing composition for introduction into an intracapsular
space after removal of a native lens body from a lens

capsule.

Modes for Carrying Out the Invention

The parts of the eye which are most relevant
in the context of this invention are depicted schemati-
cally in a section of the eye in Fig. 1 with a lens 1,

and an equatorial diameter 5 between two equatorial poles

11



10

15

20

25

30

35

WO 2018/229245 PCT/EP2018/065930

6 of the lens 1, which eqguatorial diameter 5 divides the
lens 1 into an anterior and a posterior portion. The term
anterior refers to the side towards the cornea; the term
posterior refers to the side towards the retina of the
eye. The lens 1 comprises a lens body 2 divided accord-
ingly along the equatorial diameter 5 into an anterior
portion 2a and a posterior portion 2b.

The lens body 2 is essentially made up by
transparent lens fibers. The lens body 2 is surrounded by
a capsule 13 with anterior and posterior inner surfaces
13a and 13b. After removal of the lens body 2 an essen-
tially empty capsule (or empty capsular bag) forms an in-
tracapsular space 3. The intracapsular space 3 is divided
along the equatorial diameter 5 into an anterior portion
3a and a posterior portion 3b. The eguatorial diameter 5
is the largest diameter of the lens 2 or the capsule 13
or the intracapsuar space 3, respectively and is oriented
essentially perpendicular to the visual axis.

The capsule 13 is composed of an extracellu-
lar basement membrane comprising type IV collagen fibers
and sulfated glycosaminoglycans. The capsule is elastic
due to lamellar arrangement of collagen fibers. The cap-
sule 13 is secreted anteriorly by lens epithelial cells 4
and posteriorly by elongating lens fiber cells. The lens
epithelial cells (LECs) 4 line the anterior inner surface
13a of the lens capsule 13 as displayed enlarged in inset
A. LECs 4 have been observed to additionally line an area
of the inner capsular surface centering around the equa-
tor and reaching also into the posterior portion of the
capsule. The LECs 4 not only secret the anterior portiocon
of the lens capsule 13, they also differentiate into
elongating lens fiber cells in an equatorial area along
the eguatorial circumference of the lens 1. Furthermore,
the LECs are able to multiply and differentiate into lens
fiber cells not only in vivo but also in vitro and they
are able reconstitute a clear lens body 2 or a portion

thereof.
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In cataract surgery minimally invasive surgi-
cal techniques for removal of a defective lens have been
developed. In a frequently applied method called capsu-
lorhexis an incision in the capsule 13, in particular in
the anterior part of the capsule 13, creates a circular
opening which allows the lens body 2 to be extracted. In
a commonly used procedure called phacoemulsification, the
defective lens body 2 is emulsified by sonication and as-
pirated. Such surgical procedures as described e.g. by
Zhou et al (Invest Ophthalmol Vis Sci. 2016; 57, p. 06615,
see in particular also Supplementary 2) result in an es-
sentially empty capsular bag surrounding the intracapsu-
lar space 3 with the anterior portion 3a and the poste-
rior portion 3b from which the native lens body 2 has
been removed. Advantageously, with such minimal invasive
surgery most of the lens capsule 13 and the lining of
LECs 4 on the anterior inner capsular surface 13a are
left intact. It has been shown that this is permitting
spontaneous regeneration of clear lens tissue (see e.g.
Lin et al, 2016 cited above, extended data Fig. 1 or Zhou
et al. Invest Ophthalmol Vis Sci. 2016, 57, p. 6615, Sup-
plementary 2). In the method of medical treatment accord-
ing to the invention including surgical removal of a na-
tive lens body, particular care is taken to place the in-
cision into the capsular bag in a peripheral area of the
lens capsule away from the visual axis 11. Furthermore,
care is taken to keep the size of the incision small, in
particular to keep a largest diameter of the incised hole
below 3 mm, in particular below 2.5 mm, 2 mm, 1.5 mm or 1
mm. After introduction of the implant the incision is
closed e.g. by a fibrin sealant or another a biological
glue. Alternative options for closing the incision in-
clude e.g. laser tissue welding, introduction of a plug
formed by a turnable lamella closure or introduction of a
plug formed by a small amount of a curable artificial ma-
terial (wherein no more artificial material is used than

what is necessary for formation of a plug that closes the
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incision). Optionally, in some embodiments of the kit
components for the closing of the incision into the cap-
sular bag may be included.

Fig. 1 further shows the visual axis 11 per-
pendicular to the equatorial diameter 5 passing horizon-
tally through cornea 10, iris 9 and lens 1. In Fig. 1 the
eye is represented in a state adapted to distant vision
as schematically shown by zonulas 7 attaching at the
lens 1 circumferentially along the equator, as shown in
Fig. 1 at both equatorial poles 6. The zonulas 7 are
shown in a stretched state thereby flattening the lens 1.
A circular ciliary muscle 8 upon contraction causes the
zonulas 7 to relax which in turn permits the lens 1 to
assume a rounder shape resulting in a higher refractive
power and thereby accommodating the eye to near vision.

The radius of curvature of the posterior sur-
face of the lens of an adult human eye ranges between ap-
proximately 4.5 and 7.5 mm with the radius of posterior
curvature averaging around 5.5 to 6 mm in a human adult
eye. The equatorial diameter of the lens of an adult hu-
man eye ranges between approximately 9 to 11 mm. The vol-
ume of the lens of an adult human eye as measured in
vitrc ranges from approx. 180 pl to 280 pl (Rosen et al,
Vision Research 2006, 46: 1002). The volume of the lens 1
of an adult human eye essentially corresponds to the vol-
ume of the lens body 2 and to the volume of the intracap-
sular space.

Fig. 2 shows an exemplary embodiment of an
intraocular lens implant 12 placed into the posterior
portion 3b of the intracapsular space 3. As evident from
this exemplary embodiment, the lens implant 12, made of a
suitable transparent material does not reach into the an-
terior portion 3a of the intracapsular space 3. The vol-
ume of the lens implant 12 is less than 40% of the volume
of the native lens body 2; in exemplary embodiments it
may be below 20% or 10 % of the volume of the native

lens.
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In some embodiments, the lens implant 12 is
dimensioned to comprise at most 35%, 30%, 25%, 20%, 15%,
10%, 5% or 2% of a volume of the native lens body 2. In
in particular, the lens implant 12 is dimensioned to com-
prise a volume of at most 120 pl, 110 wpwl, 100 pl, 90 pl,
80 pl, 70 pl, 60 wpl, 50 pl, 40 pl 30 upl, 20 pl or 10 pl.

The lens implant 12 is manufactured from a
suitable transparent material, in particular selected
from flexible materials, e.g. materials known in the art
for the manufacture of intraocular lenses such as sili-
cone or hydrophobic and hydrophilic acrylic materials,
hydrogels or collagen polymers.

The lens implant 12 has a convex posterior
surface with a curvature - or a posterior curvature for
short - which is shaped to fit a curvature of a posterior
surface of the capsule 13. In some embodiments of the
lens implant 12, the radius of curvature of the posterior
surface varies in a range of 4 to 8 mm, in particular in
a range of 5.5 mm to 6 mm plus or minus up to 25 or 20 or
15 or 10 or 5 percent or e.g. in ranges of 4.6 to 7.5 mm
or 5 to 7 mm or around 6 mm.

The above-indicated radii of curvature refer
in particular to the radius of curvature measured on the
visual axis 11 or in a vicinity of the visual axis 11.
The vicinity of the visual axis is defined as a range ad-
jacent to the visual axis within a solid angle of up to
10°, up to 20° or up to 30° of the visual axis 11.

In some of these and other embodiments, the
lens implant 12 has a maximal diameter 14, in particular
a maximal outer diameter 14 as measured from an outside
surface to an outside surface of the lens implant 12,
which at most equals the length of an equatorial diameter
5 of the native lens 1. The maximal diameter 14 in par-
ticular, as shown in Fig 2, is perpendicular to the vis-
ual axis 11 of the eye and parallel to the equatorial di-
ameter 5. In particular, the maximal diameter 14 of the
implant 12 measures at most 98%, 95%, 90%, 80%, 70%, 60%

15
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or 50% of the equatorial diameter 5 of the native lens 1.
In some of these and other embodiments the maximal diame-
ter 14 of the implant 12 measures at least 50%, 60%, 70%,
80% or 90% of the equatorial diameter 5 of the native
lens 1. In some embodiments, the maximal diameter 14 of
the implant 12 measures in a range with an upper boundary
of 5 to 12 mm, in particular 11, 10, 9, 8, 7, or ¢ mm. In
some of these and other embodiment of the implant the
lower boundary of the maximal diameter 14 of the implant
is in a range of 3 to 7 mm, in particular 3, 4, 5 or

6 mm. Embodiments of the lens implant with a maximal di-
ameter 14 that is smaller than the equatorial diameter 5
of the native lens do not reach into an equatorial por-
tion of the intracapsular space. Thereby epithelial cells
lining an equatorial area of the inner surface also in a
posterior portion of the capsular bag remain untouched by
non-cellular structural material. The size of this un-
touched posterior equatorial portion increases with a de-
creasing maximal diameter 14 of the implant.

In some of these and other embodiments, the
lens implant 12 is manufactured from a transparent mate-
rial which is selected to be deformable, thereby allowing
the implant 12 to be introduced into the intracapsular
space 3 in a folded or rolled-up state through an opening
in the lens capsule 13. In some embodiments, the lens im-
plant is manufactured from flexible materials which allow
the implant to be introduced through openings of the cap-
sule 13 wherein the largest diameter of the opening
measures in the range of 0.5 to 4 mm, in particular be-
tween 0.5 and 3 mm, more particularly less than 3, Z,
1.75, 1.5 or 1.25 or 1 mm.

In some of these and other embodiments, the
lens implant 12 is manufactured from a transparent mate-
rial which is expandable by absorption of liquid. In
these embodiments the implant 12 when after introduction
intc an aqueous environment within the lens capsule it

has reached its expanded volume, its properties including

16
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shape and size correspond to properties described here
for embodiments of the implant which are not manufactured
from an expandable material. Expandable lens materials
are known in the art. E.g. the commercially available im-
5 plants (Acqua) made from hydrophilic acrylic polymers

comprising hydroxyethyl methacrylate, vinyl pyrilidone
and methylmethacrylate or a hydrophilic pelymer or hydro-
philic/hydrophobic copolymer such as described by Mehta

in http://www.boamumbai.com/journalpdfs/jan-mar2001/tor-

10 pedo.pdf or such as described in US4'8347753 or expanda-
ble hydrogels as described in W02004/026928.

In some of these and other embodiments, the
lens implant 12 has an anterior surface of the implant 12
which is also convex or it has an anterior surface which

15 1s plan or it has an anterior surface which is concave.
In some embodiments, the lens implant has a posterior
convex and an anterior concave side with a positive me-
niscus or a negative meniscus appropriately dimensioned
for achieving a desired refractive (i.e. optical) power.

20 In some embodiments the lens implant can be toric to cor-
rect for astigmatism.

In some embodiments, the lens implant 12 is
dimensioned and shaped to provide a refractive power
suitable for vision adapted to infinity, in particular

25 with a refractive power in a range between of ~20 dioptre
to + 60 dioptre, as desired for the treatment of a par-
ticular patient. Lens implants 12 with a refractive power
of 0 are included, because the lens implant independently
of an optical power correction due to its adaptation in

30 shape to the posterior inner surface of the capsule 13b
allows for particularly effective treatment of secondary
cataract by laser surgery, whereby areas of the posterior
lens capsule may be even fully removed and still keep the
intracapsular space 3 enclosed by a shell without holes

35 as described above.

Besides showing an exemplary embodiment of an

intraocular lens implant 12 placed into the posterior
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portion 3b of the intracapsular space 3, Fig. 2 also
schematically shows an exemplary embodiment of a capsule
filling composition 15 for use in intraocular surgery and
how this filling composition 15 may be filling the intra-
capsular space 3 within the lens capsule 13. Evidently,
the filling composition 15 fills not only the anterior
portion 3a of the intracapsular space 3 but also parts of
the posterior porticn 3b of the intracapsular space 3. It
thereby essentially replaces the remaining volume of the
removed native lens body 2 to the extent that it is not
replaced by the lens implant 12. The volume of the fill-
ing composition 15 accordingly may be defined as a com-~
plementary volume to the volume of the implant 12,
wherein the sum of the two corresponds to the volume of
the native lens body 2, or intracapsular space 3 within
the empty capsular bag.

The capsule filling composition 15 is of an
aqueous composition and is devoid of non-cellular struc-
tural components for permanent replacement of lens fibers
comprised by the native lens body. The capsule filling
composition 15 by filling up the intracapsular space 3
provides for an intracapsular pressure, which corresponds
to a physiological intracapsular pressure prior to the
removal of the native lens body. An intact intracapsular
pressure is relevant for the accommodative function of
the eye.

The shape, geometry and size of the lens im-
plant 12 is not restricted to the exemplary shape and
size as depicted in Fig. 2, but may be quite freely
adapted to fit the size and optical characteristics of a
particular eye and to yield a desired refractive power,
provided that the lens implant 12 does not reach into the
anterior portion 3a of the intracapsular space 3 and in
particular that the lining of epithelial cells 4 on the
anterior inner surface 13a of the capsule 13 are not in
contact with the implant 12, but instead with the capsu-

lar filling composition 15.
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In some of these and other embodiments the
capsule filling composition 15 comprises living cells.
Such cells may be obtained e.g. from an in vitro culture
or from a tissue probe. In particular, the cells may be
obtained from a probe of an eye, more particularly from a
probe comprising lens epithelial cells 4. In particular,
the cells which are added to the aquecus filling composi=-
tion 15 are capable of developing lens fibers and/or are
secreting factors promoting the formation of lens fibers
from remaining or added lens epithelial cells.

In some of these and other embodiments, the
cells comprised by the capsule filling composition 15 are
derived from autologous or heterologous human eyes or
from non-human eyes, in particular from non-human mamma-
lian eyes with or without in vitro culturing prior to the
mixing of the cells into to the capsule filling composi-
tion 15 or prior to administering the cells along with
the capsule filling composition 15 into the intracapsular
space 3. The transplantation of heterologous or non-human
cells, benefits from the fact that the contents inside
the capsule 13 are immune-privileged, i.e. not accessible
to the immune system and therefore not prone to immune
rejection. In some embodiments the capsular f£illing com-
position is administered as one fraction, in other embod-
iments it is administered in several fractions, wherein
the fractions may be administered at the same time or at
separate times and they may be of the same or of a varia-
ble composition.

In some of these and other embodiments of the
capsule filling composition 15, it comprises ingredients
in particular selected from:

— hyaluronic acid,

- a growth factor, in particular one or
several of: a fibroblast growth factor,
including FGF-1 and FGF-2, epidermal
growth factor (EGF), platelet-derived
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growth factor (PDGF), insulin growth
factor I or II (IGF-I or IGF-II),

— an anti-TGFR blocking agent

— a retinoid

The term ingredient refers to a ligquid or
soluble compound which is suitable for establishing a
physiological agueous environment in the lens capsule,
and may be based e.g. on a physiological saline solution.
The term ingredient includes in particular active ingre-
dients with an active biochemical function such as e.g.
ingredients which actively promote regeneration of clear
lens fiber tissue. For example, Lovicu et al. (Exp Eye
Res, 142: 92, 2016) have shown that anti-TGFB blocking
agents promote the initiation of lens fiber formation
from lens epithelial cells. In addition, there are growth
factors known which stimulate lens regeneration as re-
viewed e.g. by Henry (Int. Rev. Cytology, 228: 195,
2001). Further ingredients include nutrients, antibiotic
agents or other agents with a biochemical effect, such as
e.g. osmotically active ingredients modulating the intra-
capsular pressure.

In a further aspect, a kit comprising both a
lens implant 12 and a capsule filling composition 15 as
they are described above is provided. In some embodiments
of the kit, a collection of implants of different sizes
and/or shapes and/or refractive power may be included in
the kit for selection of the appropriate implant accord-
ing to a patients need. The kit is suitable for fully re-
placing the volume of a removed native lens body 2. In
some embodiments of the kit, lens implants and samples
with complementary volumes of a capsule filling composi-
tion resulting in essentially the same volume as the vol-
ume of the native lens body may be provided. The filling
composition 15 may facilitate regeneration of lens fibers
based on residual cells or based on added cells, in par-
ticular lens epithelial cells. In some embodiments, the

filling composition may actively promote regeneration by
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comprising active ingredients, in particular selected in-
gredients according to the needs of a particular patient.
In some embodiments the kit may comprise further suitable
components to be used or to be administered to the eye
during, before or after surgery.

A further aspect concerns a method for
providing a personalized intraccular lens implant 12 or
for providing a personalized kit comprising an intraocu-
lar lens implant 12 as described above and optionally
further comprising a capsule filling composition 15 as
described above. In some embodiments of the method of
providing the kit comprises steps (a) of measuring an eye
and a step (b) of selecting at least one implant 12. In
step (a) in particular the dimensions of the cornea
and/or of the lens and/or the axial length eye are deter-
mined. The axial length of an eye or eyeball is defined
by the distance between the anterior and the posterior
poles of the eyeball. Step (a) and step (b) may be per-
formed at different times and in particular prior to the
operation such as e.g. several weeks before the opera-
tion, in particular up to 1 or 2 months before the opera-
tion. Such methods of measurements are possible without
invasive or surgical procedure performed on a human or
animal body. Further embodiments of the method of provid-
ing a personalized lens implant or kit in step (a)rely on
the provision of measurement results obtained from an
external source.

Methods of measuring an eye and the size of
the lens capsule are known in the art (see e.g. WO
2011/02068). Biometric methods include ultrasound biome-
try such as for cataract and refractive treatment in re-
cent years routinely used laser interference biometry
(also called optical biometry) of the eye. An alternative
method known in the art is partial coherence interferome-
try. Commonly used and commercially available exemplary
ocular biometers include the IOL Master of Zeiss and the

Lenstar system of Haag Streit.
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In some embodiments of the method of provid-
ing the personalized kit in an additional step the ingre-
dients of the filling composition 15 are adapted to the
needs of a particular patient. In some embodiments the
filling composition 15 is adapted e.g. by addition of au-
tologous cells or by a selection of heterologous living
cells and/or of a particular ingredient or active ingre-
dient. In some embodiments of the method of providing a
personalized kit with the filling composition comprising
cells, the cells may be cultured in vitro e.g. for ampli-
fication according to procedures known in the art. The
filling composition may be provided in the kit with all
ingredients pre-mixed. Alternatively, the filling compo-
sition may be provided in a number of fractions some of
which may comprise ingredients or cells to be added and
mixed into the filling composition at a prescribed time
before administration of the filling composition to the
patient or to be administered into the intracapsular
space along with the filling composition as a separate
fraction of the filling composition at the same or at a
different time.

In some embodiments of the method a prefera-
ble volume or a range of volumes of the filling composi-
tion complementary to the volume of the implant is deter-
mined for introduction intc the intracapsular space.

By way of this method of providing a person-
alized kit comprising one or more implants 12 or in some
embodiments by additionally comprising a filling composi-
tion 15, the implant or kit are advantageously adapted to
the particular needs of a patient e.g. in a suitable time

ahead of the surgical procedure.

While there are shown and described presently
preferred embodiments of the invention, it is to be dis-
tinctly understood that the invention is not limited
thereto but may be otherwise varicusly embodied and prac-

ticed within the scope of the following claims.
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