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DESCRI PTI ON TECHNI CAL FI ELD The
present invention relates to an artifiswcial -cornea. Mdre particularly, the
present invention relates to an artificial cornea used for replacing a
cornea of which function has been reduced or |ost because of ocul ar tlssue
di seases anqw ring visual function. PCTIPSTOANTG
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BACKGROUND ART An artificial cornea generally consists of an
optical elenent nade of a |ight- perneable material having good

bi oconpatibility and a skirt for supporting the optical elenment by fixing
itself on the surface of human ocul ar tissue or by inserting itself between

anterior layer an osterior layer of the cornea. As such 'é} I al”
cor nea, thergmﬁﬁagﬂﬁomn an artificial cornea having an opt?ggﬁﬁ%# ﬁént and
a skirt which are integrally nolded frondthe sane material, and an
artificial cornea obtained by nolding these optical elenment and skirt from
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As materials for such artificial corneas, there are mainly used pol ynet hyl
net hacryl ate, silicone and the like. * * However, bioconpatibility of
these materials with the surrounding ocular tissues is poor, so a slight
gap is generated between an artificial cornea and the ocular tissue, and
bacteria invade into anterior chanber through the gap to c rative
endopthalnitwggyﬁﬂ:%ne cases. In the severe? cases? gn I mp an?2$ aﬁfificim
cornea i s excluded fromocul ar tissue because of inflammation. As an
exanpl e of an artificial cornea of which skirt is made of a material having
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transparent plastic material and a skirt nade of a flexible porous

fl uorocarbon pol yner (Japanese Unexanm’ned Patent Publication No.

158859/ 1992) . However, since such an artificial cornea has sinply
the skirt made of a flexible porous fluorocarbon polymer having the

m cr opor ous whhikly © it is difficult to prevent |eakage gl ipgd ul ar

aqueous hunor a%}@tsl nvasi on of bacteri a. In addition, recently, an
artificial cornea has been proposed, whibch has a skirt made of a hard
material such as metals. However, this artificial cornea has such drawbacks
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ruptured part to cause suppurative endopthalmtis. Further, the artificial
cornea has such drawbacks that corneal tissue is necrosed resulting in
extrusion of the artificial cornea, and that fixation is relaxed by an
external force generated between the artificial cornea and eyelid resultlng

I n extrusion § ?%Qf artificial cornea. I n addition, Péﬁ&%ﬁh“
convent i onal ™" ar i al corneas, there are artificial corneas having an
i mprovenent such as provision of hole of the skirt in order to fix the
artificial cornea. However, such artificial corneas have problens on

el evati on of raocu e e equ
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ocular tissug x ¢f % BWhENZthezPriasantsi pvaatar 2 inkt ERSEVE: Wrshidged: to
sol ve the above problens and found an artificial cornea by which problens
such as conpatibility with ocular tissue, Ieakage of intraocul ar aqueous
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-3 - conjunctiva have been sol ved (Japanese Unexam ned Pat ent Publication
No. 182762/ 1997). As shown in Fig. 8, ‘such-an artificial cornea conprises
an optical elenent 2 and a skirt 3 having the mcroporous structure, and a
non-wat er - perneabl e layer 5 is provided on the surface thereof, so that

I nvasi on of fromthe external environment can be m,% and

| eakage of a‘ggé% d”ﬂ:ﬁum)r can be prevented. In addition, when the @?kt i ficial
cornea 10 is inplanted, cells invade thé nicropores of the skirt 3 from
corneal tissue 6 resulti ng in firmng binding between the artificial cornea

10 and (e CBBFY kI Sus & e AT W T e Rl ificral cornes
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conventional various problens and has high availability. The present

I nvention has been acconplished in order to further inprove such an
artificial cornea. In the meanwhile, as shown in Fig. 9, cell growth
occurs inherently at a wound such as incisional wound and the wound is

heal ed. Upon_t hj at a wounded part on cornea containin LihdeCi al

cor nea, cglf%afga%Fbmn fromthe Eorneal tissue 6 occasioga ﬁﬂgﬁg&#fronlthe
i nci sional wound surface facing the skit 3 toward the posterior surface 12
of the artificial cornea 10 (side facing the interior part of the eye, down

surface ). wﬁ. w%ﬁgzgniiéegﬁe%r%eg\tg s 2 HOWﬁ@V‘%h'% t - 9 thought

that this down™gro cau I nly because restoring function of

corneal epitpeki @ el s g ghetikcrsional wound surface recognizes the
artificial cornea 10 as a foreign body, so that the cells 11 do not mgrate
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However, as tine elapses after inplantation, the down growth gradually
progresses as shown in Fig. 9. Accordingly; it was found that, when the
grown cells 11 initiate to cover the posterior surface of the optical

el enment 2, not only excellent transparency of the optical element 2 is

occasi onal I mai nt ai ned, but also the artificial c S
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-4- excluded fromthe corneal tissue 6 possibly resulting in extrusion of
the artificial cornea even if the corneal tissue 6 and the artificial
cornea 10 firmy adhere to each other due to the m croporous structure in
~the skirt 3 as in the above invention. The present invention has

been acconpljshed in view of the above prior art, and ai i di ng- an
artificial c"c‘@ﬁ@s i ch can be well con?zati ble with ocul gFP(,altIJPWI(ﬁ}HG
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ti ssue, prevent |eakage of intraocul ar aqueous hunor and intraocul ar

I nvasi on of bacteria, reduce stimulation on pal pebral conjunctiva and
further, inhibit progression of the dowmn growh, and which has no .
possibility of reduction in transparency of the optical elenent due to the
down growth as well as detachnent and extrusion fromthe ijmlaptedestate.
DI SCLOSURE ¥© 1848Rm on The present invention relates to an
artificial cornea conprising an optical 1l enent nmade of an optically
transparent material, having a front surface and a
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posterior surface, and a skirt provided so as to support w th surrounding
at least a part of the optical elenent, characterized in that the skirt is
provided with a flange on its side facing the interior of the eye during
i npl antation of the artificial cornea, and the flange radially protrudes

outward from.th [rt. BRI EF DES SRR
DRAW NGS vs}ogglzaﬁ@g. 1 is a schematic cross-sectional \ﬁﬁéﬁg}\xﬁ% one

enbodi nent of artificial cornea of the pdesent invention, which is
i mpl anted into corneal tissue. Fig. 2 is a schematic cross-sectional

view showi nggpng BRONTRM O Ak w3 k. BWX B3 H 5 KHRK
ABFBIRERBLEYRBAXRBIONTED, S >REX
B 3ozm (BAM) 8B ABSSMNERILHATL
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artificial cornea of the present invention. Fig. 3 is a schemtic
cross-sectional view show ng one enbodi nent of an artificial cornea of the
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present invention. Fig. 4 is a schematic cross-sectional view

showi ng one enbodi nent of an artificital cernea of the present invention.
Fig. 5is a schematic cross-sectional view showi ng one enbodi nent of an
artificial cornea of the present invention. Fig. 6 is a schematic

Cross-secti a&a(;my'lgw showi ng the artificial cornea of theppigssilerd NVENtiON
obtained in anmple 1. 16
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Fig. 7 is a schematic cross-sectional view showing the artificial cornea of
the present invention obtained in Exanple 2. Fig. 8 is a schematic
cross-sectional view show ng one enbodi ment of an artificial cornea in
prior art, which is inplanted into corneal tissue. Fig. 9is a

schemati c cr:‘)‘g)'rsg-séﬁc‘;i onal view show ng one enbodi nent of a?c%yyﬂo% al -

cornea in pr which is inplanted into corneal tissue.
BEST MODE FOR CARRYI NG QUT THE | NVENTI OiF The artificial cornea of
the present invention is an artificial cornea, as
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menti oned above, conprising an optical elenent made of an optically
transparent material, having a front .surface and a posterior surface, and a
skirt provided so as to support with surrounding at |east a part of. the
optical elenment, characterized in that the skirt is provided with a flange

on its si deg%%@ﬂst he interior of the eye during inplant %’39?%7;31“073 he

artificial a, and the flange radially protrudes outwar omthe
skirt. An optical el ement used i the artificial cornea of the
present invention has a front surface and a posterior surface and is nmade
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Since the inner surface (posterior surface) of the artificial cornea is
sonetines directly contacted with intraocul ar aqueous hunor, the materials
used for the optical elenment are preferably unharnful to human body and
excellent in safety. For instance, materials used for ones which are

contacted w or inplanted into organ, such as cont ‘and
i ntraocul ar Hg]%gﬁgan be used. Exanple of such the materi g’%"dég?&?ﬁ?or

i nstance, polyurethane, silicone, acryli@resins represented by pol ynethyl
nmet hacryl ate, polyesters represented by pol yethyl ene terephthal ate and and

the |ike. Among,the I are nes ar el ected for uge. The

pl anar shape Bf &t he%pﬁ-i gl e?)e%r# F‘YS i?lo)fe’ g‘dr/\‘ié@ur'aﬁy‘ I %1"5‘88{ DAn¢9 7lghapes
may be enpl oyed agglsn hey hase an {i r obl : § Iy r
shape is pr efgrhbﬁ% @rﬁn%?h% @/é\'/vpa%iea qfﬁg?errezgﬁgnﬁcél sn?:er%t lg)'s)“):w_*}gj1
retai ned, defifrontk & #y 8 GeECE: X o intF adicd @ YresfRrd Erme,’ntﬁidﬂ;ﬁnd,

in a case of usual keratopl ast
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corneal graft is cut out with a circular trephine in many cases.

When the planar shape of the optical elenent is circular, its dianeter
cannot be primarily determ ned because it differs dependi ng upon the size
of ocular tissue to be replaced with the artificial cornea and the |ike.

The reasons are ol lows. Since dianeter between edges of kirt: -
(external di g"&?’g?”%f the skirt) differs dependi ng upon thé’ch.pg%@f'gf of

tissue to be renoved, the dianeter of tH3 optical elenment which is a
portion of the artificial cornea is determned so as not to deteriorate

visual function and in view of C}Tj‘%c Wlﬁg % kirt that can exhibit

easy handling of suture and ce¥ wt by ties. In view of them
and fromthe viewpoint of practicability, it is desired that a dianmeter of
the optical elenent is usually 2 to 8 mmor so, preferably 3 to 6 nmmor so.
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fromthe viewpoi nt of nechanical strength. As regards the thickness, when
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-7 - refracting power is inparted thereof as necessary, the thickness of
the central portion and that of the peripheral portion are nade into
different ones. That is, at least a part of the optical elenment may be nade
into spherical surface. In particular, when | ens power is inparted to the
optical elenment spherical surfaces having different curvatfserihve e
provi ded on¥®®?M3nt surface and the posterior surface o? tﬁgboptlcal

el enent, respectively. Si nce the gtical el enent cannot be directly
sutured to ocular tissue, a skirt is eﬁﬁ? yed in order to fix the optical
el ement to the host cornea. The skirt is provided so as to support

with surrounding at | east a part of the

FIG. 4

FIG. 5
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optical elenent. Additionally, in the present invention, the skirt
is made of a flexible material having a m croporous structure. The
flexible material having the mroporous structure has such advantage that
suture with ocular tissue is facilitated and adhesion with ocular tissue is
firmed. In additjon, cells derived fromocular tissue sur j he -
i npl ant ed a??F?k@ﬁ%l cornea and bl ood capillaries invade ?ﬁg ni@@g%orous of
the flexible material, so that the art'figial cornea and ocul ar tissue
firmy bind with each other in affinit§/ It is preferable that the
flexible material having the m croporous structure has such mechani cal
strength that the material is not torn by suturing, has pore size into
which cells derived fromthe surroundi ng ocul ar tissue can physically
i nvade, coapts with ocular tissue to firmy adhere therew th and,
additionally, is excellent in

FIG. 6
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bi ocompati bility. For instance, materials used for ones which are contacted
with organ or inplanted into organ, such as contact |enses and intraocul ar

| enses can be used. Exanples of such the material are, for instance,

spun- bounded non-woven fabrics made of materials such as pol yurethane,

silicone, co pol ypropyl ene and pol yester, soft expa i'al's
havi ng open %@ﬁ@%&n Pgﬁﬂd%ﬂ#%
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- 8- represented by a sponge and the |ike. According to Jean T.
Jacob-Labarre et al., Progress in Bionedical Polyners, Plenum Press, New
York, pages 27-39 (1990), average pore size of mcropores into which cells
can invade is 10 to 100 [err]m Therefore, the flexible nmaterials used in
the present invention suitably have the mcrostructure hay-RepAlelteXxi Mately
this range n0813
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por e Y pore si ze) .’ The pl anar shape of the|ski IRERIACED SHEETSUT ar §

limited. Any shapes may be enpl oyed as long as t g@M “9,0 gstical pa ed it IMM
probl ems. . However——from-t-he—vi ewpoi. nt t hat mechafmcel g‘;aib& ?!f.Q§§a§1e
iﬂ

and deformation b f ce Sromintraocul ar pres

shape is prigf acti cal | y annul & . - ?!Qct a é{% § """"
the skirt is I‘Zannular its inner df nﬁ g g dt()‘ """"
a diameter o | ement. | n addition, £ Qﬁ REQEL*’)TT e-méi--‘f 1

di aneter cannot be primarily determ neDESCRERTION di f f er s dependi ng upon the
size of ocular tissue to be replaced with the artificial cornea and the

li ke, the external dianeter is usuall ual to the dianeter of tissue to
be renoved or larger than the di angAR & ALSCORNFA so. For instance, it is
desired that the external dianeter is 6 to 20 mm or so, preferably 7 to 16

mm or So fré)mthe vi ewpoi nt of praCt’ff(?%dAﬂ'FlELD

The present invention relates to an artificial
cornea. More nparticularly, the present invention relates
to an artificial cornea used for replacing a cornea of
which function has been reduced or lost because of ocular

10 tissue diseases and recovering visual function.

BACKGROUND ART

An artificial cornea generally consists of an
optical element made of a light-permeable material having

15 good biocompatibility and a skirt for supporting the
_optical element by fixing itself on the surface of human
ocular tissue or by inserting itself between anterior
layer and posterior layer of the cornea. As such an
artificial cornea, there are known an artificial cornea

20 having an optical element and a skirt which are integrally
molded from the same material, and an artificial cornea
obtained by molding these optical element and skirt from
different materials and combining them. As materials for
such artificial corneas, there are mainly used polymethyl

25 methacrylate, silicone and the like.

However, since these materials themselves have
no microporous structure, adhesive property with the
surrounding ocular tissues is = deteriorated, so a slight
gap 1is generated between an artificial cornea and the

30 ocular tissue, and bacteria invade into anterior chamber
through the gap to cause suppurative endophthalmitis in
some cases. In the severer cases, an implanted artificial
cornea is excluded from ocular tissue because of
inflammation.

35 As an example of an artificial cornea of which
skirt is made of a  material having the microporous
structure, there is known an -artificial cornea consisting
of an optical element made of a visible light—permeable



In additi_on the thickness of the skirt is not prlmarlly determ ned,
however, it i's desired that the thickness is usually 0. ommleammeaﬁki.ﬂ

preferably 0.2 to 2.5 mmor so fromthe vi ewpoint of prac

particular, the thickness of the skirt is ideally approxi m mwnem
the thickness of an incised cornea. - 2 1Imthe present

preferable to inpart curvature to the skirt so as to coincide with

transparent plastic material and a skirt made of a soft
porous fluorocarbon polymer (Japanese Unexamined Patent
Publication No. 158859/1992).
~ However, since such an artificial cornea has
5 simply the skirt made of a. soft porous fluorocarbon
polymer having the microporous structure, it is difficult
to prevent leakage of intraocular ~ aqueous humor and
intraocular invasion of bacteria. .
In addition, recently, an artificial cornea has
10 been proposed, which has a skirt made of a hard material
such as metals. However, this artificial cornea . has
such drawbacks that it is extremely difficult to suture
the skirt with a suturing needle, that aqueous humor is
lost to fail in the operation, and that since the shape
15 thereof is not necessarily the same as that of cornea, a
part of the skirt is externally exposed by rupture of
cornea within a short period of time after implantation
into ocular tissue and |Dbacteria invade into anterior
chamber through the ruptured part to cause suppurative
20 _endophthalmitis.  Further, the artificial cornea has such
‘drawbacks that corne tissue is necrosed resulting in
extrusion of the artificial cornea, and that fixation is
relaxed by an external force generated between the
artificial cornea and eyelid resulting in extrusion of the
25 artificial cornea. '
In addition, among conventional ‘artificial
corneas, there are artificial corneas having an
improvement such as provision of hole on the skirt in
order to fix the artificial cornea.  However, such
30 artificial corneas have problems on elevation of
intraocular pressure, lost of aqueous humor and invasion
of bacteria through the hole, and poor adhesive property
with the surrounding ocular tissue. :
Then,  the present inventors intensively studied
35 to solve the above problems and found an artificial cornea
by which problems - such as compatibility with ocular
tissue, leakage of intraocular aqueous humor, intraocular
invasion of bacteria and stimulation on palpebral



-9-  ~curvature of cornea., When cel | s derived from ocw ar-tissue
grow in the mcropores of the flexible material, the chs Eth
adhere to sonme of the above flexible materials. Such th W acFl al s
are hard to firmy conbine with ocular tissue. Accordin ,m" ',

- 3 -
conjunctiva have been solved (Japanese Unexamined Patent
Publication No. 182762/1997). As shown in Fig. 8, such an
artificial cornea comprises an optical element 2 and a
skirt 3 having the microporous  structure, and
5 a non—water—permeable layer 5 is provided on the surface
therebf, so that invasion of bacteria - from the external
environment can be prevented and leakage of aqueous humor
can be prevented. In addition, when the artificial cornea
- 10 is implanted, cells invade the microporous of the skirt
10 3 from corneal tissue 6 resulting in firm binding between
the artificial cornea 10 and the corneal tissue 6.
~ In this way, such an artificial cornea is
_excellent one which has solved conventional various
problems and has high availability. @The present invention
15 has been accomplished in order to further improve such an
artificial cornea.

In the meanwhile, as shown in Fig. 9, . cell
growth occurs inherently at a wound such as incisional
wound and the wound is healed. Upon this, at a wounded

20 part on cornea containing an artificial cornea, cells 11
grown from the corneal tissue 6 occasionally grow from the
incisional wound surface facing the skirt 3 toward the
posterior surface 12 of the artificial cornea 10 (side
facing the interior part of eyes, down surface). - This

25 phenomenon is referred to as “down growth”. It is thought
that this down growth is caused mainly because restoring
function of <corneal epithelial cells at the incisional
wound surface recognizes the artificial cornea 10 as a
foreign body, so that the cells 11 do not migrate at the

30 front surface 13 of the artificial cornea 10 (side facing
the exterior part of eyes, upper surface).

However, as the time elapses after implantation,
the down growth gradually progresses as shown in Fig. 9.
Accordingly, it was found that, when the grown cells 11

35 initiate to cover the posterior surface of the optical
element 2, not only excellent transparency of the optical
element 2 is occasionally hardly maintained, but also the
artificial cornea 10 1is forwardly (extraocularlly) put and
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to cells, theé flhie hQﬂH?Sﬁam lak@ are preferably previous subjected to
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.The present invention has been accomplished in
view of the above prior art, and aims at providing an
artificial cornea which can be well compatible with ocular
tissue, prevent leakage of intraocular aqueous humor and
10 intraocular invasion of bacteria, reduce stimulation on
palpebral conjunctiva and further, inhibit  progression
of the down growth, and which has no possibility of
reduction in transparency of the optical element due to
the down growth as well as detachment and extrusion from
15 the implanted state.

DISCLOSURE OF INVENTION
The present invention relates to an artificial
cornea comprising :

20 an optical element made of an optically transparent
material, having a front surface and a posterior surface,
and
a skirt provided so as to support with surrounding at
least a part of the optical element, |

25 characterized in that the skirt is provided with a flange
on its side facing the interior of eyes during
implantation of the artificial cornea, and the flange
radially protrudes outward from the skirt.

30 ~ BRIEF DESCRIPTION OF DRAWINGS
Fig. 1 is a schematic cross—sectional view
-showing one embodiment of an artificial cornea of the
present invention, which is implanted into corneal tissue.
Figg 2 is a schematic cross—sectional view
35 showing one embodiment of an artificial cornea of the

' present invention.

' Fig. 3 is a schematic cross—sectional view
showing one embodiment of an artificial cornea of the



In addition, 'in the case that the non-water- per neable l-ayer—is--provided at
| east on the surface or in the interior of the skirt, there I S an advant age

that -infection with bacteria can be effectively prev %cul ar
i avasi on of bacteria fromthe outside through the mcr I bi t ed.
Furthernore, in the case that the non- wat@r-perrreabl e ded on
the surface (surface in contact with pal pebral conj unctlva) of the skirt,
there is an advantal%g .that stimulation due to friction with pal pebral

conj unctiva, whfESETH IP¥EBEIONeq upon blink can be remarkably reduced since
the surface of the non-whigr- fdernimbl @ | agehematicnoottoss—sectional view

showing one embodiment of an artificial cornea of the
present invention.

5 | Fig. 5 is a schematic cross—sectional view
showing one embodiment of an artificial cornea of the
present invention. -

Fig. 6 is a schematic cross—sectional view
showing the artificial cornea of the present invention

10 obtained in Example 1. _

Fig. 7 is a schematic cross—sectional view
showing the artificial cornea of the present invention
obtained in Example 2. ' ' |

Fig. 8 is a schematic cross—sectional view

15 showmg one embodiment of a conventional artificial cornea
wh1ch is implanted into corneal tissue. _

Figz. 9 is a schematic cross—sectional view
showing one embodiment of a conventional artificial cornea
which is implanted into corneal tissue.

20 '
BEST MODE FOR CARRYING OUT THE INVENTION
The artificial cornea of the present invention
is an artificial cornea, as mentioned above, comprising
an optical element made of an optically transparent
25 material, having a front surface and a posterior “surface,
and -
a skirt provided so as to support with surrounding at
least a part of the optical element,
characterized in that the skirt is provided with a flange
30 on its side facing the interior of eyes during
implantation of the artificial cornea, and the flange
radially protrudes outward from the skirt. :
An optical element used in the artificial cornea
of the present invention has a front surface and a
35 posterior surface and is made of an optically transparent
material. The optical element is positioned in the
approximate center of the artificial cornea and exerts its
visual function by retaining transparency.
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Since the inner ‘surface (posterior surface) of
the artificial cornea is sometimes directly contacted with
intraocular aqueous humor, the materials used for the
optical element are preferably unharmful on human body and
excellent in safety. For instance, materials used for
ones which are contacted with organ or implanted into
organ, such as contact lenses and intraocular lenses can
be wused. Examples of such the materials are, for
instance, @ polyurethane, silicone, . acrylic resins
represented by polymethyl methacrylate, polyesters -
represented by polyethylene terephthalate and the
like. Among them, transparent ones are selected for use.

The planar shape of the optical element is not
particularly limited. Any shapes may be employed as long
as they have no practical problems. The circular shape is
preferable from the viewpoint that mechanical strength is
retained, deformation by a force from intraocular pressure
is prevented and, in a case of wusual keratoplasty, a
corneal graft is cut out with a circular trepan in many
When the planar shape of the optical element is
circular, its diameter cannot be primarily determined
because it differs depending upon the size of ocular
tissue to be replaced with the artificial cornea and the
like. The reasons are as follows. Since  diameter
between edges  of - the skirt (external diameter of the
skirt) differs depending upon the size of graft diameter,
the diameter of the optical element which is a portion of
the artificial cornea is determined so as. not to
deteriorate visual function and in view of such a width

of the skirt that can exhibit suturing properties and

cellular ingrowth properties. In view of them and from
the viewpoint of practicability, it is desired that a
diameter of the optical element is usually 2 to 8 mm or
so, preferably 3 to 6 mm or so. "

It is desired that the thickness of the optical
element is 0.05 to 1 mm or so from the viewpoint of
mechanical strength. As regards the thickness, when
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shows substantial non-water absorptive property or |o
property of water content of at nost 10% As tﬂmﬂmﬂﬁw
materials, materials used for ones whtch7ar® contacte .

I npl anted into organ, such as contact | enses and intraocul ar | enses can be
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in the interi @t ofeashe akiparti sofnothearaptacalar elementi t may Ehenphade ofintde
method ares fQbherical  surface. In particular, when lens power is
imparted to the optical element, spherical surfaces having
different curvatures may be provided on the front surface
and the posterior surface of the  optical element,
respectively. .
10 Since the optical element cannot be directly
sutured to ocular tissue, a skirt is employed in order
to fix the optical element to the intraocular. .
The skirt is provided so as to support with
- surrounding at least a part of the optical element. |
15 Additionally, in the present invention, the
skirt is preferably made of a flexible material having
a microporous structure.
The flexible material having the microporous
structure has such advantage that suture with ocular
20 tissue is facilitated and adhesion with ocular tissue is
firmed. In addition, cells derived from ocular tissue
surrounding the implanted artificial cornea. and blood
capillaries invade the microporous of the flexible
material, so that the artificial cornea and ocular tissue
25 firmly bind with each other in affinity. .

: It 1is preferable that the flexible material
having ~the microporous structure has such mechanical
strength that the material is not torn by suturing, has
pore into which cells derived from the surrounding ocular

30 tissue can physically invade, coapts with ocular tissue to
firmly adhere therewith and, additionally, is excellent in
biocompatibility. For instance, materials used for ones
which are contacted with organ or implanted into organ,
such as contact lenses and intraocular lenses can be used.

35 Examples of such the  materials are, for instance,
spun—bounded non—woven fabrics made of materials such
as polyurethane, silicone, collagen, - polypropylene and
polyester, soft expanded materials having open cell,

r neabl e



i.nstance, (i) a rmethod corrprl sing preparing a non-water-perneable fi I m as

t he non- %{m&abdnele laggdr and adhering the non-water-permeable filmto
the front surm |rt (ii) a method conprising preparing a

rron- wat er - per the non- wat er - per neabl e | ayer, putting the
non-wat er - per m etween two Fay@r s—made of the flexible

m cr oporous nateri al and adhering them (iii) a method conprising
contacting the skirt with a solution ohtained by dissolving a naterial used
for a non-wat grepresentad &y @ spongeaandi the|lékeol vent, prior to conplete
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ﬂex1b1e materials used in the present invention suitably
have the microstructure having approximately this range of
pore (pore size). '

The planar shape of the skirt 1is not

10 particularly limited. Any shapes may be employed as long
as they have ‘'no practical problems. However, from the
viewpoint that mechanical strength is retained and
deformation by a force from intraocular pressure is
. prevented, - the shape is preferably concentrically annular.

15 When the planar shape of the skirt is
concentrically annular, its inner diameter is usually
equal to a diameter of the optical element. In addition,
although  its external diameter cannot be  primarily
determined since it differs depending upon the size of

20 ocular tissue to be replaced with the artificial cornea
and the like, the external diameter is wusually equal to
the size of a graft or larger than the size by 0.5 mm or
s0. For instance, it is desired that the external
diameter is 6 to 20 mm or so, preferably 7 to 16 mm or so

25 from the viewpoint of practicability.

In addition, the thickness of the skirt is not
primarily determined, however, it is desired that the
thickness is usually 0.01 to 3 mm or so, preferably 0.2 to
2.5 mm or so from the viewpoint of practicability. In

30 particular, the  thickness of the skirt is ideally
approximately equal to - a corneal thickness of an incised
wound. - Moreover, when a non—water—permeable layer
described below 1is provided, it 1is extremely preferable
that the corneal thickness of an incised wound is equal to

35 the range of [(thickness of non-water—permeable layer) +
(thickness of skirt) — (thickness of flange)].

: In the present invention, it is preferable to -
impart curvature to the skirt so as to coincide with
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Among the above flexible materials, some
materials are hard to adhere to the surface of the porous
matrix when cells derived from ocular tissue grow in the
microporous of the flexible material. Such the flexible
materials are hard to firmly combine with ocular tissue.
Accordingly, when such the flexible materials are used, in
order to improve adhesive property to cells, the flexible
materials are preferably previously subjected to surface
modification such as plasma treatment. The surface
modification of the flexible material refers to
modification on the surface of the material which forms
the microporous structure, for instance, the surface of
fibers in a case of the non—woven fabric, or its interface
in a case of the expanded material having open cell. '

Furthermore, in the present invention, it is
preferable that a non—water—permeable layer is provided
at least on the surface or the interior of the flexible
matenal which constitutes the skirt.

In the case that the non—water—permeable layer
is provided at least on the surface or in the interior of
the flexible material, there is an advantage that leakage
of intraocular aqueous humor from the microinterstice of
the flexible material can be effectively prevented. :

In addition, in the case that the
non—water—permeable Iayer is provided at least on the
surface or in the interior of the flexible material, there
is an advantage that infection with bacteria can be
effectively prevented since intraocular invasion of
bacteria from the outside through the microporous is
inhibited. - '

Furthermore, in the case that the
non—water—permeable layer is provided on the surface
(surface in contact with palpebral conjunctiva) of the
flexible material, there is an advantage that stimulation
due to friction with palpebral conjunctiva, which is
generated upon blink can be remarkably reduced since the
surface of the non—water—permeable layer 1is smooth.
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Ther ef or e, Is preferable that the flexible material is previously
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The thickness girgge@titdn- Wil eth@eriBIRawStrypRImeABRO! 18fer) | I i8Y desired
that the non~water—permeable layer shows substantial
non—water absorptive property or lower water absorptive

5 property of water content of at most 10 %. _

- As the non-water—permeable materials, materials
used for ones which are contacted with oragn or implanted
into organ, such as contact lenses and intraocular lenses

, can be used. Examples of such materials are, for

10 instance, polyurethane, silicone, acrylic _resins
- represented by polymethyl methacrylate, polyesters
represented by polyethylene terephthalate and the like.
These resins may include fluorine atom in order to improve
non—water—permeability.

15 A method for forming the non-water—permeable
layer at least on the surface or in the interior of the
flexible material is not particularly limited. Examples
of the method are, for instance, (i) a method comprising
preparing a non—water—permeable film as the

20 non—-water—permeable layer and adhering the

' non—water—permeable film to the front surface of a film
made of the flexible material, (ii) a method comprising
preparing a non-water—permeable film as the
non—-water—permeable layer, putting the non—water—permeable

25 film between two films made of the flexible material and
adhering them, (iii) a method comprising contacting the
flexible material with a solution obtained by dissolving a
material wused for a non—~water-permeable layer in a
suitable solvent, prior to complete evaporation of the

30 solvent, and completely evaporating the solvent to form a
non—water—permeable layer at least on the surface of the
flexible material, (iv) a method comprising previously
contacting a raw monomer of a material used for a
non—water—permeable layer with the flexible material,

35 adding a suitable energy such as heat or light thereto
to polymerize the raw  monomer and forming a
non—water—permeable layer at least on the .'surface of the
flexible material, and the likee In addition, when the



determ ned bécause it .di ff-ers dependi ng upon the kinds of the material

conposi ng the skirt. Usual | y, in order to inpart sufﬁ”ﬁﬁﬁﬁ%&enh laced

non-wat er - per neabi lity, prevent | eakage of aqueous hu Ifn of
bacteria, reduce stinulation on pal pebral conjunctiva

flexibility, it is desired that the thtcKiless is 0.005 to 0.5 mmor so,
preferably 0.01 to 0.3 mm-or so. In order to effectively prevent

| eakage of aquepus hunor_ and invasion of bacteria and reduce stinulation on

pal pebral conj @eevevamethednofivat t8 - rmployete Ilziyea i Bydrepkobic v flexibleled
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flexible material after implantation. Therefore, it is
preferable that the flexible material is previously
subjected to surface modification such as plasma treatment
or that the raw monomer is instantaneously contacted
10 therewith to be rapidly polymerized. o
The thickness of the non-water—permeable layer
cannot be primarily determined  because it differs
depending upon the kinds of the flexible material
Usually, in order to impart sufficient
15 non—water—permeabﬂlty, prevent leakage of aqueous humor
and invasion of bacteria, reduce stimulation on palpebral
conjunctiva, and retain flexibility, it 1is desired that
the thickness is 0.005 to 0.5 mm or so, preferably 0.01 to
0.3 mm or so.

20 In order to effectively prevent leakage of
aqueous humor and invasion of bacteria and reduce
stimulation on palpebral conjunctiva, - the

non—water—permeable layer is preferably provided on the
surface of the flexible material corresponding to the
25 front surface of the resultant artificial cornea,
particularly on. the whole surface of the flexible
material.
In addition, upon suturing, when the
non-water—permeable layer is made of a soft material,
30 suturing may be carried out by passing a suturing needle
as it is through the non-water-permeable layer. On the
other hand, when the non—water—permeable layer is a
relatively hard material, a suturing needle may not pass
therethrough in some cases. Accordingly, it is desired
35 that microhole is provided on the non-water—permeable
layer with such a degree that invasion of bacteria and
leakage of aqueous humor do not occur by healing of a
wound after implantation of the artificial cornea.i In



t he non- wat er - perrreabl e | ayer. On the other hand, when the

non- wat er - per RP ced rel atively hard material, a suturing needle
may not pass t l sone cases. Accordingly, it is desired that
m.crohole is p non-wat er- perneabl e |ayer with such a degree

that invasion of bacteri a and | eakage -of f@ueous hunor do not occur by
heal ing of a wound after inplantation of artificial cornea. In

addition, the microhole is preferably provided at such an
angle that coincides with crook of the suturing needle.

Furthermore, in the artificial cornea of the
present invention, the skirt is provided with a flange on

5 its side facing the interior of -eyes during implanation of
~ the artificial cornea, and the flange radially protrudes
outward from the skirt.

As described above, the artificial cornea of the
present invention has great characteristics that the skirt

10 is provided with the flange, and the flange radially
protrudes outward from the skirt.

In the artificial cornea of the present
invention, '_ according to the presence of the flange, the
flange caps an incised wound of the cornea from. the

15 interior of anterior chambers to physically dam and
inhibit the down growth (rounding of grown cells derived
from corneal tissue toward the posterior surface of the:
artificial cornea). As a result, detachment and extrusion
of the artificial cornea can be more assuredly inhibited

20 and excellent transparency of the optical element is
‘assuredly maintained without arrival of grown cells by the
down growth at the optical element. _

Materials used  for the. flange are not
particularly limited, and any materials may . be wused as

25 long as they are unharmful on human body and excellent in

' safety and can attain the object of the present invention.
For instance, the same materials as those used for the
optical element, the skirt and the non—water—permeable
layer may be used.

30 ' The flange radlally protrudes outward from the
skirt, and the shape thereof is not particularly limited
and any shapes may be adopted as long as they are
excellent in safety and can attain the object of the
present  invention. In order to effectively exhibit

35 effects of the present invention, it is desired that the

- flange is formed so that it annularly and radially
protrudes outward from the skirt over the whole peripheral
of the side of the artificial cornea facing the interior
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the artificial cornea of the present invention, the ski rt !ﬂﬂ ﬂlﬁ&f’h

a.flange on the side of the skirt configured to face the

eye during inplantation of the artific aljgcornea, and t he
protrudes out war d

of eyes during the artificial cornea is implanted.

In order to sufficiently exhibit effects of the
present invention, such as maintenance of transparency of
the optical element and prevention of extrusion of the

5 artificial cornea, for instance, - it is desired that the
flange radially protrudes outward to radius direction from
the skirt by at least 0.5 mm. In view of easy insertion
into the interior of eyes, it is desired that the flange
protrudes from the skirt by at most 2 mm, usua'lly. by 1 mm

10 or so. _ .

In view of easy insertion into the interior of
eyes, and insurance of the interval to iris and the volume
of anterior chamber, and in order to eliminate the adverse
effects on eyes, it is desired that the thickness of the

15 flange (ocular optical axis direction) is at most 1 mm,
preferably 0.1 to 0.5 mm.

In addition, from the viewpoint of strength, the
flange is preferably made of such the material and has
such the thickness that it has strength endurable without

20 extreme deformation even at a pressure of from normal
intraocular pressure (20 mmHg or so) to a maximum of 50
mmHg.  Therefore, from the viewpoint of strength, for
instance, the thickness of the flange is preferably at
least 0.1 mm.

25 Now, various embodiments of the artificial
cornea of the present invention will be explained based on
the following drawings.

Figg 1 is a schematic cross—sectional view
showing one embodiment of the artificial cornea of the

30 present invention, which is implanted into corneal tissue.

In Fig. 1, the artificial cornea 1 of the
present invention comprises the optical element 2 having
the front surface 2a and the posterior surface 2b and the
skirt 3. The skirt 3 is provided with the flange 4 which

35 is radially protrudes outward from the skirt 3 on its
side (interior - of anterior chambers) 7 which faces the
interior of eyes when the artificial cornea 1 is implanted
into the «corneal tissue 6. The skirt 3 is further
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he present invention, according to the
presence of the flange, the flange caps &4 incised wound of the cornea from
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Material s usedther preseit aifi¢eationnohaparthiecuflangy |4, mted, flahgeany caps
material s 5 the incised wound of cornea 9 from the interior of aqueous
chambers 7. Thereby, progression of the down growth can
be physically inhibited and, as a result, the posterior
surface of the optical element 2 is not covered and
_excellent  transparency of the optical element 2 is

10 assuredly maintained and, further, there is no possibility
of detachment and extrusion of the implanted artificial
cornea 1. ,

In the artificial cornea 1 shown in Fig. 1, the
flange 4 is a separate member from the optical element 2

15 and the skirt 3 (that is, attached afterward) and is
provided over the whole surface of the interior of
anterior chambers 7. In the present invention, the flange
4 may be integrally formed together with a part of the
optical element 2 and/or the skirt 3, or may be separately

20 formed, and thus, there is no limitation. '

- For instance, Fig. 2 is a  schematic
cross—sectional view = showing one embodiment of the
artificial cornea 1 of the present invention, comprising
the optical element 2 and the skirt 3, wherein the flange

25 4 which is integrally formed together with the optical
element 2 is provided so as to radially protrude outward
from the skirt 3, and further, the skirt 3 is provided
with the non-water—permeable layer 5 on the surface
thereof. . '

30 , Figgz. 3 'is a schematic cross—sectional view
showing one embodiment of the artificial cornea 1 of the
present invention, comprising the optical element 2 and
the skirt 3, wherein the flange 4 is a separate member
from the optical element 2 and the skirt 3 and is provided

35 on the side surface of the skirt .3 so as to radially
protrude outward from the lower end of the side surface of
the skirt 3, and further, the skirt 3 is provided with the
non—water—permeable layer 5 on the surface thereof.



rray be used as |ohg as they are unharnful on human body and excellent in
safety and can attain the object of the present invention. For instance,
the -same materials as those used far the optical element, the skirt and the
nen- wat er - per neabl e | ayer nay be used. The flange radially protrudes
outward fromthe skirt, and shape thereoflbi s—not particularly limted and
any shapes nmay be adopted as long as they are excellent in safety and can
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the skirt 3, wherein the flange 4 which is integrally
5 formed together with the skirt- 3 is provided so as to
radially protrude outward from the skirt 3, and further,
the skirt 3 'is -provided with the non—water—permeable
layer 5 on the surface.thereof. :
Fig. 5 is a schematic cross—sectional view
10 showing one embodiment of the artificial cornea 1 of the
' present invention, comprising the optical element 2 and
the skirt 3, wherein the non—water—permeable layer 5
which is integrally formed together with the optical
_ element 2 is provided on the surface of the skirt 3, the
15 annular flange 4 having an opening of a size approximately
equal to a diameter of the optical element 2 in
an approximately central portion thereof is provided so as
to radially protrude outward from the skirt 3, and
further, a part of the optical element 2 passes through
20 the opening of the flange 4.

In the meanwhile, curvature is imparted to each
artificial cornea 1 shown in schematic cross—sectional
views of Figs. 1 to 5. The artificial cornea of the
present invention is not limited by whether curvature is

25 1imparted or not.

A method for producmg the artificial cornea of
the present invention is not particularly limited and
various methods can be utilized.

The artificial cornea 1 shown in Fig. 1 can be

30 obtained, for instance, by  separately preparing the
optical element 2, the skirt 3, the flange 4 and the
non—water—permeable layer 5 and appropriately bonding them
using an adhesive or the like. For instance, molded
articles (sheet) obtained by  injection molding,

35 compression molding, roll molding, casting molding from a
solution or the like may be used for the optical element 2
and the non—water—permeable layer 5. In addition, for
instance, non-woven fabric, soft expanded material and the
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like may be used for the skirt 3, as mentioned above.
When the adhesive is used upon the above bonding, it is
necessary not to deteriorate transparency of the optical
element 2. .

In addition, the artificial cornea 1 shown
in Fig. 2 can be obtained, for instance, by
integrally molding the optical element 2 and the flange 4
and appropriately bonding this with the skirt 3 and the
non—water—permeable layer 5 using an adhesive or the like.
Integral molding of the optical element 2 and the flange 4
can be easily carried out using a mold having the desired
shape, for instance, by injection  molding, compression
molding or the likee In addition, the skirt 3 and the
non—water—permeable layer 5, and the bonding may be the
same as those described for the artificial cornea 1 shown
in Fig. 1.

In the present invention, the similar
microporous structure composed of the same material as
that of the skirt may be imparted to the flange so as to
be incorporated to corneal tissue as long as the adverse
effects due to the growth of cells derived from corneal
tissue are not given to the optical element. |

The thus obtained artificial cornea of the
present ‘invention having the above essential components is
well coapted with ocular tissue, can prevent leakage of
intraocular aqueous humor and intraocular invasion of
bacteria, and at the same time, can reduce stimulation on
palpebral conjunctiva. Furthermore, the artificial cornea
can inhibit progression of the down growth, so that there
is no possibility of reduction in transparency of the
optical element due to the down growth as well as
detachment and extrusion from the implanted state.

In the present invention, in order to enhance
compatibility with lacrimal fluid and aqueous humor and
impart at least good optical property thereto, it is
desired that there is subjected to surface modification a
portion of the artificial cornea, which contacts with
lacrimal fluid and aqueous humor, preferably the whole

- 16 -—



In order to suff|C|entIy exhibit effects of the present invention, such as
mai nt enance of transparency of the optical element and prevention of

extrusion of the artificial cornea, for instance, it TtﬁssﬂeasHﬁsEBtert tacddhe
flange radially protrudes outward to radius direction by at
least 0.5 mm In view of easy insertian ijpto-the interi

it is
desired that the flange protrudes fromthe skirt by at mn usuall

by 1 mmor so. In view of easy insertion |nto the |nter|or of the
eye and i nsuraggpf4te bfethétartificidlocorn€.and the vol une of anterior

Gostred that the t i cknods drettie r XofoeSEuiting: Bubl SftaBEe motifidation |
at nost él g}n Sltmr)gf thebl artifitialo ¢obfnean of the |presm1t]£ i (mvemtmnt his not
\;ngmﬁglsnsuch tP@r}%ﬁJ@%& lﬁﬂ%t ha@&g’i ength en rgbllgegmkk%%gﬁ?f@terfﬁj
5 instance, a method comprising graft bondlng polymerlzmg)
a hydrophilic component (monomer) such as acrylamide or
hydroxyethyl methacrylate with the surface of the
artificial cornea, a corona discharge treatment method, a
plasma treatment method, a method comprising immersing the
10 artificial cornea in a solution obtained by dissolving a
hydrophilic polymer such as collagen in a suitable solvent
and carrying out modification with crosslinking it by
irradiation with light, and the like.
Next, the artificial cornea of the present
15 invention will be more specifically explained on the basis
of Examples. However, the scope of the present invention
is not limited to only the Examples.

EXAMPLE 1 :

20 [Production of an artificial cornea in which a
non—water-permeable layer is formed on one side (front
surface) and a flange is provided on the other
side (posterior surface)] '

An artificial cornea 1 having the shape - shown in

25 Fig. 1 (dimension is shown in Fig. 6) was produced.

(1) Production of a transparent otical element 2

A transparent polyetherpolyurethane sheet having
a thickness of 0.5 mm was cut out with a trepan having a
diameter of 4 mm.

30 (2) Production of a skirt 3

Non—woven fabric having a thlckness of 0.5 mm
(METSUKE (Japanese Industrial Standard): 50 g/m?), made of
polyetherpolyurethane was cut out into rlng-donut-parts
having an external diameter of 7 mm and an inner diameter

35 of 4 mm with a trepan.

(3) Production of a non—water—permeable layer 5, and
bonding of the non—water—permeable layer 5 to the optical
element 2 and the skirt 3 |



extreme—deformation even at a pressure of from normal intraocul ar pressure

(20
'streng
0. 1nm
pr esent

|ous enbodi nents of the artificial cornea of the -
be - expl ai ned basggl on the foll ow ng draw ngs.

i mum of 50 mmHg. Therefore, fromthe vi ewpoint of
Igiﬁeﬁﬁ Bﬁqﬁlmt he thi ckness of the flange is preferably at |east

Fig. 1 is a schematic cross-sectional view show ng one enbodi nent of the
artificial cornea of the present invention, which is inplanted into corneal

tissue.
conpri ses th
post eri or su

flange 4 whi dhats pfdithey rmmw&tﬁ,r-mmablﬁ f r@?i@lf h

| n Fi g. Adhesienar of f rthealopmcaleaeheméntt h2 amkethei skinti on

ce 2%| aﬁéﬁﬁe sé ﬁfﬁﬁ?‘iﬁﬁ}ge iﬂéﬁ;{t ? Gg_)prow degﬁﬁeﬂuﬁt he

siand then pptical de

(interior of damantor2r hhﬁ%ﬁg) a/ Phiclhdss coPf 0005 equih? fodtRirdE bsrt egior

of the e when the arti
Y ecﬁ%rpg metltloﬁ was carri

ti ssue 6.

10

cornea l Js i | ant.ed |n 0 t e.co
uq;p using rahydrro?uran

solution  of the same polyetherpolyurethane as an adhesive,
so that the front surface 2a of the optical element 2 was
bonded to the non—water—-permeable layer 5. This was fully
dried and then, cut out along an external diameter of the
skirt 3 with a trepan having a diameter of 7 mm.

(4) Production of a flange 4, and bonding of the flange 4

-to the optical element 2, the skirt 3 and the_

15

20

25

30

35

non—water—permeable layer 5

Adhesion of the parts obtained in the item (3)
to a polyetherpolyurethane sheet (the same material as
that of the flange 4 and the optical element 2) having a -
thickness of 0.2 mm, obtained by a casting method was
carried out using the same adhesive used in the item (3),
so that the posterior surface 2b of the optical element 2
was bonded to the flange 4. This was fully dried and
then, cut out with a trepan having a diameter of 9 mm so
that the flange 4 protruded from the skirt 3 by 1 mm to
radius direction.

The thus  obtained  artificial cornea  was -
sterilized with ethylene oxide gas and implanted into eyes

of a rabbit, and it was found that suturing could be
easily carried out. Thereafter, the state was observed
with the passage of time. As a result, it was found that,
even after 26 weeks elapsed from implantation, there was
no extrusion and detachment of the artificial cornea, the
artificial cornea firmly coapted with ocular tissue,
transparency of the optical ‘element of the artificial
cornea was retained, and leakage of intraocular aqueous
humor and inflammation such as intraocular infection were
not recognized. Thus, the good state was maintained. '

EXAMPLE 2
[Production of an artificial cornea in which an optical
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element and a non-water-permeable layer are integrally
formed and the optical element protrudes from the center
of a flange]

An artificial cornea 1 having the similar shape
shown in Fig. 5 (dimension - is shown in Fig. 7)
was produced. '

(1)  Production of a transparent optical element 2 and a
non-water—permeable layer 5

A piece having a diameter of 10 mm and
a thickness of 5 mm, made of polyethylene terephthalate
was subjected to cutting and polishing process to give
parts in which the transparent optical element 2 having a
diameter of 4 mm and a thickness of 1.3 mm, made of
polyethylene  terephthalate and the non—water—permeable
layer 5 having a diameter of 7 mm and a thickness of 0.2
mm, made of polyethylene terephthalate were integrally
formed.

Furthermore, in order to - easily suture,
microholes for suturing having a diameter of 0.4 mm were
appropriately provided at eight positions on the
non—water—permeable layer 5 away from the optical element
2 (not shown in Figure).

(2) Production of a skirt 3

Polyethylene terephthalate fabric having a
thickness of 0.5 mm was cut out into ring-donut-parts
having an external diameter of 7.25 mm and an inner
diameter of 4 mm with a trepan.

(3) Production of a flange 4 .

In the same manner as in the production of the

optical element 2 and the non—~water—permeable layer 5, a
piece made of polyethylene terephthalate was subjected to
cutting and polishing process to give ring—donut-parts
having a thickness (of the flange 4) of 0.3 mm, an
external diameter of 9 mm and an inner diameter of 4 mm.
(4) Bonding of the optical element 2 and the
non~water-permeable layer 5 to the skirt 3 and the
flange 4

The central opening of the ring—donut-skirt 3



~14-" provirded—with the non-wat er - per meabl e | ayer 5 on the surface 8
t.hereof (ou jgﬁeeﬂflasb%l&m%' In this way, since the artificial

eornea 1 of I enti.on has the flange 4, the flange 4 caps the
i-nci sed wound mﬂﬂ E&‘ “
progression o

romthe interior of agueous chanbers 7. Thereby,
th-can be pB@sieally inhibited and, as a
result, the posterior surface-of the optical element 2 is not covered with
the grown tissue by the down growth and excellent transparency of the
optical el encobtainged desuthel ytemi {2di weas aput iy t¥he  ophical” element
possibility ojloify acgeniexdBensIX( rdipe@it Ofint hehePlprted @hti Witichl adienea
1 optical element 2 and the non-water—permeable layer 5 were
integrally formed, obtained in the item (1). Next, the
5 central opening of the ring—donut-flange 4 obtained in the
item (3) was put in the optical element 2 along its
external circuit from a direction which the central
opening of the skirt 3 was put therein. Moreover, a part
of the optical element 2 (thickness: 0.3 mm) protruded
10 from the central opening of the flange 4. Then, the
positions ‘where the flange 4 was put in the optical
. element 2 were welded together with by heating.
The = thus  obtained  artificial cornea  was
sterilized with ethylene oxide gas and implanted into eyes
15 of a rabbit’ and it was found that suturing could be easily
carried out through the above microholes for suturing.
Thereafter, the state was observed with the passage of
time.  As a result, it was found that, even after 13 weeks
elapsed from implantation, there was no extrusion and
20 detachment of the artificial cornea, the artificial cornea
firmly coapted with . ocular tissue, transparency of the
" optical element of the artificial cornea was retained, and
leakage of intraocular aqueous humor and inflammation such
as intraocular infection were not. recognized.  Thus, the
25 good state was maintained.

INDUSTRIAL APPLICABILITY

Since the artificial. cornea of the present

invention can be easily sutured to ocular tissue and
30 easily fixed to ocular tissue, it well coapts with ocular
tissue, can prevent leakage of intraocular aqueous humor
and intraocular invasion of  Tbacteria and can reduce
stimulation on palpebral conjunctiva. Furthermore, the
artificial cornea can inhibit progression of the down
35 growth, so that there is no possibility of reduction in
transparency of the optical element due to the down growth

as well as detachment and extrusion from the implanted
state.



In the artificial cornea 1 shown in Fig. 1, the flange 4 is a separate
nenber fromthe optical element 2 and the skirt 3 (that-4ss,—attached
afterward). Also, the flange 4 is provided over the V\/r)r?lle surface of the

interior of anterior chanbers 7. In the present |nvent| ed may
be integrally forned together with a par$jof—the optlca H d/ or

the skirt 3, or may be separately fornmed, and thus, the ation.
For instance, Fig. 2 is a schematic cross-sectional vieM/shomnng one
enbodi nent of the artificial cornea 1 ofCLAEMS8resent invention, conprising
of the optical elenment 2 and the skirt 3, wherein the flange 4 which is

integrally formed together with the optical element 2 is provided so as to
radial |y protrude outwarl fAnnaxtificiél corfea scomprisitger, the skirt 3 is

provided with jhe %Tﬂié’ﬁt er slegidfabl! faddve of Ot heoﬁﬁrcﬁﬁﬁe tﬂee{rf'éﬂarent
5 material, having a front surface and a posterior surface,
and '
a skirt provided so as to support with surrounding at
least a part of the optical element,
characterized in that the skirt is provided with a flange
10 on its side facing the interior of eyes during
implantation of the artificial cornea and the flange
radially protrudes outward from the skirt.

2. The artificial cornea of Claim 1,- wherein the
15 skirt is made of a flexible material having a microporous
structure.

3. The artificial cornea of Claim 2, wherein a
non—-water—permeable layer is provided at least on the
20 surface or the interior of the flexible material.

4. The artificial cornea of Claim 3, wherein the
non—water—permeable layer is provided on the surface of
the flexible material corresponding to the front surface

25 of the artificial cornea.

5. The artificial cornea of Claim 3, wherein the
. non—water—permeable layer shows substantial non—water
absorpt1ve property or lower water absorptive property of

30 water content of at most 10 %.

6. The artificial cornea of Claim 1, wherein
at least the surface thereof is subjected to surface
modification.

35 .

7. The artificial cornea of Claim 1, wherein at

least a part of the optical element has spherical surface.

TR )




Fig. 3 is a schematic cross-sectional view show ng one enbodi nent of the
artificial cornea’ 1l of the present invention, conprising the optical

el-enment 2 and the skirt 3, wherein the flange 4 is a separate nenber from
the optical elenment 2 and the skirt 3 and is provided on the side surface
of the skirt 3 so as to radially prot’r_udezg)ut_\_/vard fromthe |ower end of the
side surface of the skirt 3, and further,”the skirt 3 is provided wth the
non- wat er - perneabl e | ayer 5 on the surface thereof.

8. The artificial cornea of Claim 1, wherein the
optical element has spherical surfaces having different
curvatures on the front surface and the posterior surface
thereof, respectively, and lens power is imparted to the

5 optical element. - '

LR O B



- 15 = . ' Fig. 4 is a schematic cross-sectional view:"

;pomﬁng one enbodi nent of the artificial .cornea 1 of the pr esent

i hvention, conprising the optical elenent 2 and the skirt 3, wherein the
flange 4 which is integrally 5 formed together with the skirt 3is
provided so as to radially protrudezgutmard fromthe skirt 3, and
further, the skirt 3 is provided Wth the non-water-perneable

| ayer 5 on the surface thereof. Fig. 5 is a schematic
cross-sectional view ABSTRACT '

An  artificial cornea comprising an  optical

element made of an optically transparent material, having

5 a front surface and a posterior surface, and a skirt

provided so as to support with surrounding at least a part

of the optical element, characterized in that the skirt is

provided with a flange on its side facing the interior of

eyes during implantation of the artificial cornea and the

10 flange radially protrudes outward from the skirt. The

artificial cornea can be well compatible with ocular

tissue, prevent leakage of intraocular aqueous humor and

intraocular = invasion of bacteria, reduce stimulation on

palpebral conjunctiva and further, inhibit progression of

15 the down growth, and which hés no possibility of reduction

in transparency of the optical element due to the down

growth as well as detachment and extrusion from the
implanted state.

This Sheet Has Been Reilaced
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10 showi ng ‘one énbodi ment of the artificial cornea 1 of the present

i nvention, conprising the optical elenent 2 and the skirt 3, wherein
the non-water-perneable layer 5 which is integrally formed together
wit h the opti cal element 2 is provided on the surface of the skirt 3,
the 15 annul ar flange 4 having an opening of a size approxi mately equal
to a dianeter of the optical elenent 2. in an approxi mately
central portion thereof is provided so as to radially protrude
outward from the skirt 3, and Ff rE?er, a part of the optical

el enent 2 passes through 20 the opening . HL fl ange 4. : In.
the nmeanwhil e, curvature is inpqrted to each .

\l\ 8
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ar-tificial qbrneé 1 shown in schematic cross-sectional views of

Fi.gs. 1 to 5. The artificial cornea of the present invention

is not limted by whether curvature is 25 inparted or not.

A-met hod for producing the artificial cornea of the present invention
is not particularly limted and vari ous nethods can be utilized.
The artificial cornea 1 shown in Fig. 1 can be 30 obtained, for

i nstance, by separately preparing the optical element 2, the skirt
3, the flange 4 and the non- wat er - perneabl e | ayer 5 and appropriately

bondi ng t hem using an adhesive r he 41ike. For instance,
nmol ded F?l (j. ZL

FIG. 5




articles (sheet) obt ai ned by injection - nolkding, 35 conpression
nol ding, roll nolding, casting nolding from a solution or the |ike
mMay be used for the optical elenent 2 and the non-water-perneable
layer 5. In addition, for i nstance, non-woven fabric, soft expanded
mat eri al and the ' ’
1
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-46-" like fmy he used for the skirt 3, as mentioned-above. Wien the
adhesi ve i s used upon the above bonding, it is necessary not to deteriorate
tr ansparency of the optical elenment 2. In addition, the artificia
cornea 1 shown in Fig. 2 can be obtained, for instance, by integrally

nmol ding the optical elenent 2 and the flange 4 and '
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appr6pria{elj'bodding this with the skirt 3 and the nen-wat er-perneabl e
layer 5 using an adhesive or the like. ‘Integral nolding of the optical

el enent 2.and the flange 4 can be easily carried out using a nold having
the desired shape, for instance, by injection nolding, conpression nolding
or the like. 'In addition, the skirt 3 and the non-water- perneable |ayer 5,
and the bondi ng may be the sanme as those described for the artificial
cornea 1 shown in Fig. 1. In the present invention, the simlar

m croporous structure conposed of the sane material as that of the skirt
may be inparted to the flange so as to be incorporated to.corneal tissue as
| ong as the adverse effects due to t 9 mﬂqaff cells derived from cornea
ti ssue are not given to the opti cal gfeﬁégg. The thus obtai ned
artificial cornea of the present invention having the above essenti al
conponents is well coapted with ocular tissue, can prevent |eakage of




AR
I ntraocul ar aqueous hunor and intraocul ar invasion of bacteria, and at the
can reduce stinulation on pal pebral conjunctiva. Furthernore,

sane tine,

the artificial cornea can inhibit progression df tREPLAGEMENTSHEETS t NSG
there is no possibility of reduction in transpar@‘lﬁps@fpﬁbhe aRid .Jato ﬁhgém't.:v}aw
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modi fication a portion of the artificial corned, ' S, Wt fear
and aqueous hunor, preferably the whol e M%ﬁ%&rlal 57,
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ARTIFICIAL CORNEA
DESCRIPTION
TECHNICAL FIELD

The present invention relates to an artificial cornea. More particularly, the
present invention relates to an artificial cornea used for replacing a cornea of which
function has been reduced or lost because of ocular tissue diseases and recovering
visual function.

BACKGROUND ART

An artificial cornea generally consists of an optical element made of a light-
permeable material having good biocompatibility and a skirt for supporting the optical
element by fixing itself on the surface of human ocular tissue or by inserting itself
between anterior layer and posterior layer of the cornea. As such an artificial cornea,
there are known an artificial cornea having an optical element and a skirt which are
integrally molded from the same mateﬁdl, and an artificial cornea obtained by
molding these optical element and skirt from different materials and combining them.
As materials for such artificial corneas, there are mainly used polymethyl
methacrylate, silicone and the like.

However, biocompatibility of these materials with the surrounding ocular
tissues is poor, so a slight gap is generated between an artificial cornea and the ocular
tissue, and bacteria invade into anterior chamber through the gap to cause suppurative
endopthalmitis in some cases. In the severer cases, an implanted artificial cornea is
excluded from ocular tissue because of imflammation.

As an example of an artificial cornea of which skirt is made of a material
having the microporous structure, there is known an artificial cornea consisting of an

optical element made of a visible light-permeable

This is the replacement sheet
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-17- ‘surface of the artificial cornea.
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transparent plastic material and a skirt made of a flexible porous fluorocarbon
polymer (Japanese Unexamined Patent Publication No. 158859/1992).

However, since such an artificial cornea has simply the skirt made of a flexible
porous fluorocarbon polymer having the microporous structure, it is difficult to
prevent leakage of intraocular agueous humor and invasion of bacteria.

In addition, recently, an artificial cornea has been proposed, which has a skirt
made of a hard material such as metals. However, this artificial cornea has such
drawbacks that it is extremely difficult to suture the skirt with a suturing needle, that
aqueous humor is lost to fail in the operation, and that since the skirt made of metals
is hard and cannot be sufficiently adapted to a host cornea, a part of the skirt is
externally exposed by rupture of cornea within a short period of time after
implantation into ocular tissue and bacteria invade into anterior chamber through the
ruptured part to cause suppurative endopthalmitis. Further, the artificial cornea has
such drawbacks that corneal tissue is necrosed resulting in extrusion of the artificial
cornea, and that fixation is relaxed by an external force generated between the
artificial cornea and eyelid resulting in extrusion of the artificial cornea.

In addition, among conventional artificial corneas, there are artificial corneas

. having an improvement such as provision of hole on the skirt in order to fix the
artificial cornea. However, such artificial corneas have problems on elevation of
intraocular pressure, loss of aqueous humor and invasion of bacteria through the hole,
and poor adhesive property with the surrounding ocular tissue.

Then, the present inventors intensively studied to solve the above problems
and found an artificial cornea by which problems such as compatibility with ocular
tissue, leakage of intraocular aqueous humor, infraocular invasion of bacteria and

stimulation on palpebral

This is the replacement sheet
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A method for carrying out surface nodification to the artificial cornea of
the present invention is not particularly limted. Exanples of the nethod
are, for instance, a nethod conprising graft bonding (polynerizing ) a
hydr ophi | i ¢ conponent (nononer) such as acryl am de or hydroxyet hyl

met hacryl ate wth the surface of the artificial cornea, a corona discharge
treatnent nethod, a plasnma treatnent nethod, a nethod conprising i mersing

the artificial

cornea in a solution obtained by dissolving a hydrophilic

pol ymer such as collagen in a suitabl e-8cl vent and carrying out
nodi fication wth crosslinking it by irradiation with Iight, and the |ike.
Next, the artificial cornea of the present invention wll be nore

speci fical | y
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present invention is not limted to Oan the Exanpl es.

182762/1997). As shown in Fig. 8, suci

an artificial cornea comprises an optical

element 2 and a skirt 3 having the microporous structure, and a non-water-permeable

layer 5 is provided on the surface thereof, so that invasion of bacteria from the

external environment can be prevented and leakage of aqueous humor can be
prevented. In addition, when the artificial cornea 10 is implanted, cells invade the
micropores of the skirt 3 from corneal tissue 6 resulting in firming binding between
the artificial comea 10 and the corneal tissue 6.

In this way, such an artificial comnea is excellent one which has solved

conventional various problems and has high availability. The present invention has

been accomplished in order to further improve such an artificial cornea.

In the meanwhile, as shown in Fig. 9, cell growth occurs inherently at a wound

such as incisional wound and the wound is healed. Upon this, at a wounded part on

cornea confaining an artificial cornea, cells 11 grown from the corneal tissue 6

occasionally grow from the incisional wound surface facing the skirt 3 toward the

posterior surface 12 of the artificial cornea 10 (side facing the interior part of the eye,

down surface ). This phenomenon is referred to as “ down growth”. It is thought that

this down growth is caused mainly because restoring function of corneal epithelial

cells at the incisional wound surface recognizes the artificial cornea 10 as a foreign
body, so that the cells 11 do not migrate at the front surface 13 of the artificial cornea

10 (side facing the exterior part of the eye, upper surface )

However, as time elapses after implantation, the down growth gradually

progresses as shown in Fig. 9. Accordingly, it was found that, when the grown cells

11 initiate to cover the posterior surface of the optical element 2, not only excellent

transparency of the optical element 2 is occasionally hardly maintained, but also the
artificial cornea 10 is forwardly (extraocularlly) put and

This is the replacermnent sheet
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EXAVPLE 1 [ Production of an artificial cornea in which a
non-wat er - perneabl e layer is formed on one side (front surface) and a
flange is provided on the other side (posterior surface)] An
artificial cornea 1 having the shape showmn in Fig. 1 (dinmension is shown in
Fig. 6) was produced (1) Production of a transparent optical elenent 2

A transparent pol yetherpol yuret hane sheet having a thickness of 0.5 mm was
cut out with a trephine having a dianeter of 4 nm (2) Production of a
skirt 3 -4-

excluded from the corneal tissue 6 possibly resulting in extrusion of the artificial
cornea even if the corneal tissue 6 and the artificial cornea 10 firmly adhere to each
other due to the microporous structure in the skirt 3 as in the above invention.

The present invention has been accomplished in view of the above prior art,
and aims at providing an artificial cornea which can be well compatible with ocular
tissue, prevent leakage of intraocular aqueous humor and intraocular invasion of
bacteria, reduce stimulation on palpebral conjunctiva and further, inhibit progression
of the down growth, and which has no possibility of reduction in transparency of the
optical element due to the down growth as well as detachment and extrusion from the

implanted state.
DISCLOSURE OF INVENTION

The present invention relates to an artificial cornea comprising an optical
element made of an optically transparent material, having a front surface and a
posterior surface, and a skirt provided so as to support with surrounding at least a part
of the optical element, characterized in that the skirt is provided with a flange on its
side facing the interior of the eye during implantation of the artificial cornea, and the
flange radially protrudes outward from the skirt.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is a schematic cross-sectional view showing one embodiment of
artificial cornea of the present invention, which is implanted into corneal tissue.

Fig. 2 is a schematic cross-sectional view showing one embodiment of an
artificial cornea of the present invention.

Fig. 3 is a schematic cross-sectional view showing one embodiment of an
artificial cornea of the
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Non-woven fabric having a thickness of 0.5 mm (METSUKE (Japanese | ndustri al
Standard): 50 g/nferr]) , made of pol yetherpol yurethane was cut out into
ring- donut-parts having an external dianeter of 7 mmand an inner dianeter
of 4 mMmmwith a trephine. (3) Production of a non-water-perneable |ayer 5,
and bondi ng of the non-water- perneable 5 to the optical elenent 2 and the
skirt 3

-5-

present invention.

Fig. 4 is a schematic cross-sectional view showing one embodiment of an
artificial cornea of the present invention.

Fig. § is a schematic cross-sectional view showing one embodiment of an
artificial cornea of the present invention.

Fig. 6 is a schematic cross-sectional view showing the artificial cornea of the
present invention obtained in Example 1.

Fig. 7 is a schematic cross-sectional view showing the artificial cornea of the
present invention obtained in Example 2.

Fig. 8 is a schematic cross-sectional view showing 6ne embodiment of an
artificial cornea in prior art, which is implanted into corneal tissue.

Fig. 9 is a schematic cross-sectional view showing one embodiment of an

artificial cornea in prior art which is implanted into corneal tissue.
BEST MODE FOR CARRYING OUT THE INVENTION

The artificial cornea of the present invention is an artificial cornea, as
mentioned above, comprising an optical element made of an optically transparent
material, having a front surface and a posterior surface, and a skirt provided so as to
support with surrounding at least a part of the optical element, characterized in that
the skirt is provided with a flange on its side facing the interior of the eye during
implantation of the artificial cornea, and the flange radially protrudes outward from
the skirt. .

An optical element used in the artificial cornea of the present invention has a
front surface and a posterior surface and is made of an optically transparent material.
The optical element is positioned in the approximate center of the artificial cornea and
exerts its visual function by retaining transparency.
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- 18- Adhesi on of the optical elenment 2 and the skirt 3 to a

pol yet her pol yur et hane sheet (the sanme material as that of the

non- wat er - perneabl e | ayer 5 and the optical elenment 2) having a thickness
of 0.05 mm obtained by a casting nethod was carried out using a
tetrahydrofuran solution of the sanme pol yet her pol yuret hane as an

-6-

Since the inner surface (posterior surface) of the artificial cornea is sometimes
directly contacted with intraocular aqueous humor, the materials used for the optical
element are preferably unharmful to human body and excellent in safety. For instance,
materials used for ones which are contacted with organ or implanted into organ, such
as contact lenses and intraocular lenses can be used. Example of such the materials
are, for instance, polyurethane, silicone, acrylic resins represented by polymethyl
methacrylate, polyesters represented by polyethylene terephthalate and and the like.
Among them, transparent ones are selected for use.

The planar shape of the optical element is not particularly limited. Any shapes
may be employed as long as they have no practical problems. The circular shape is
preferable from the viewpoint that mechanical strength is retained, deformation by
force from intraocular pressure is prevented and, in a case of usual keratoplasty, a
corneal graft is cut out with a circular trephine in many cases.

When the planar shape of the optical element is circular, its diameter cannot be
primarily determined because it differs depending upon the size of ocular tissue to be
replaced with the artificial cornea and the like. The reasons are as follows. Since
diameter between edges of the skirt (external diameter of the skirt) differs depending
upon the diameter of tissue to be removed, the diameter of the optical element which
is a portion of the artificial cornea is determined so as not to deteriorate visual
function and in view of such a width of the skirt that can exhibit easy handling of
suture and cellular ingrowth properties. In view of them and from the viewpoint of
practicability, it is desired that a diameter of the optical element is usually 2 to 8 mm
or so, preferably 3 to 6 mm or so.

It is desired that the thickness of the optical element is 0.05 to 1 mm or so
from the viewpoint of mechanical strength. As regards the thickness, when
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adhesive, so that the front surface 2a of the optical elenent 2 was bonded
to the non- water-perneable layer 5. This was fully dried and then, cut out
al ong an external dianeter of the skirt 3 with a trephine having a dianeter
of 7 mm (4) Production of a flange 4, and bonding of the flange 4 to the
optical elenment 2, the skirt 3 and the non-water-perneable |ayer 5
Adhesi ve of the parts obtained in the item (3) to a polytherpol yurethane
sheet (the sanme naterial as that of the flange 4 and the optical elenment 2)
having a thickness of 0.2 nm obtained-By a casting nmethod was carried out
usi ng the sane adhesive used in the item (3) so that the posterior surface
2b of the optical elenment 2 was bonded to the flange 4. This was fully

e R Syt o Gk g
: and that of the peripheral portion are made into different ones. That is, at least a part
of the optical element may be made into spherical surface. In particular, when lens
power is imparted to thé optical element, spherical surfaces having different
curvatures may be provided on the front surface and the posterior surface of the
optical element, respectively.

Since the optical element cannot be directly sutured to ocular tissue, a skirt is
employed in order to fix the optical element to the host cornea.

The skirt is provided so as to support with surrounding at least a part of the
optical element. |

Additionally, in the present invention, the skirt is made of a flexible material
having a microporous structure.

The flexible material having the miroporous structure has such advantage that
suture with ocular tissue is facilitated and adhesion with ocular tissue is firmed. In
addition, cells derived from ocular tissue surrounding the implanted artificial cornea
and blood capillaries invade the microporous of the flexible material, so that the
artificial cornea and ocular tissue firmly bind with each other in affinity.

It is preferable that the flexible material having the microporous structure has
such mechanical strength that the material is not torn by suturing, has pore size into
which cells derived from the surrounding ocular tissue can physically invade, coapts
with ocular tissue to firmly adhere therewith and, additionally, is excellent in
biocompatibility. For instance, materials used for ones which are contacted with organ
or implanted into organ, such as contact lenses and intraocular lenses can be used.
Examples of such the material are, for instance, spun-bounded non-woven fabrics
made of materials such as polyurethane, silicone, collagen, polypropylene and
polyester, soft expanded materials having open cell,
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The thus obtained artificial cornea was sterilized with ethyl ene oxide gas
and inplanted into the eye of a rabbit, and it was found that suturing
could be easily carried out. Thereafter, the state was observed with the
passage of time. As aresult, it was found that, even after 26 weeks

el apsed frominplantation, there was no extrusi on and detachnent of the
artificial cornea, the artificial cornea firmy coapted with ocular tissue,
transparency of the optical elenment of the artificial cornea was retained,
and | eakage of intraocul ar aqueous huns®8-and inflanmati on such as

I ntraocul ar infection were not recogni zed. Thus, the good state was

mai nt ai ned. ' EXAMPLE 2

represented by a sponge and the like.

According to Jean T. Jacob-Labarre et al., Progress in Biomedical Polymers,
Plenum Press, New York, pages 27-39 (1990), average pore size of micropores into
which cells can invade is 10 to 100 um. Therefore, the flexible materials used in the
present invention suitably have the microstructure having approximately this range of
pore (pore size).

The planar shape of the skirt is not particulaﬂy limited. Any Shapes may be
employed as long as they have no practical problems. However, from the viewpoint
that mechanical strength is retained and deformation by a force from intraocular
pressure is prevented, the shape is preferably concentrically annular.

When the planar shape of the skirt is concentrically annular, its inner diameter
is usually equal to a diameter of the optical element. In addition, although its external
diameter cannot be primarily determined since it differs depending upon the size of
ocular tissue to be replaced with the artificial cornea and the like, the external
diameter is usually equal to the diameter of tissue to be removed or larger than the
diameter by 0.5 mm or so. For instance, it is desired that the external diameter is 6 to
20 mm or so, preferably 7 to 16 mm or so from the viewpoint of practicability.

In addition, the thickness of the skirt is not primarily determined, however, it
is desired that the thickness is usually 0.01 to 3 mm or so, preferably 0.2 to 2.5 mm or
so from the viewpoint of practicability. In particular, the thickness of the skirt is
ideally approximately equal to the thickness of an incised cornea.

In the present invention, it is preferable to impart curvature to the skirt so as to

coincide with
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[ Production of an artificial cornea in which an optical

curvature of cornea.

When cells derived from ocular tissue grow in the micropores of the flexible
material, the cell are hard to adhere to some of the above flexible materials. Such the
flexible materials are hard to firmly combine with ocular tissue. Accordingly, when
such the flexible materials are used, in order to improve adhesive property to cells, the
flexible materials are preferably previous subjected to surface modification such as
plasma treatment. The surface modification of the flexible material refers to
modification on the surface of the material which forms the microporous structure, for
instance, the surface of fibers in case of the non-woven fabric, or its interface in a case
of the expanded material having open cell.

Furthermore, in the present invention, it is preferable that a non-water-
permeable layer is provided at least on the surface or the interior of the flexible
material which constitutes the skirt.

In the case that the non-water-permeable layer is provided at least on the
surface or in the interior of the skirt, there is an advantage that leakage of intraocular
aqueous humor from the microinterstice of the skirt can be effectively prevented.

In addition, in the case that the non-water-permeable layer is provided at least
on the surface or in the interior of the skirt, there is an advantage that infection with
bacteria can be effectively prevented since intraocular invasion of bacteria from the
outside through the micropores is inhibited.

Furthermore, in the case that the non-water-permeable layer is provided on the
surface (surface in contact with palpebral conjunctiva) of the skirt, there is an
advantage that stimulation due to friction with palpebral conjunctiva, which is
generated upon blink can be remarkably reduced since the surface of the non-water-

permeable layer is smooth.
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-19- ‘_el enent and a non-water-perneable |ayer are integrally forned and
the optical elenment protrudes fromthe center of a flange] An
artificial cornea 1 having the simlar shape shown in Fig. 5 (dinension is
shown in Fig. 7) was produced. (1) Production of a transparent opti cal

el ement 2 and a non-water-perneable | ayer 5 A piece having a

di aneter of 10 mm and a thickness of 5 m nade of polyethyl ene

t erepht hal ate was subject to cutting and polishing process to give parts in
whi ch the transparent optical elenent 21thaving a dianeter of 4 mmand a

t hi ckness

In order to sufficiently exhibit these properties of the non-water-permeable
layer, it is desired that the non-water-permeable layer shows substantial non-water
absorptive property or lower water absorptive property of water content of at most
10%.

As the non-water-permeable materials, materials used for ones which are
contacted with organ or implanted into organ, such as contact lenses and intraocular
lenses can be used. Examples of such materials are, for instance, polyurethane,
silicone, acrylic resins represented by polymethyl methacrylate, polyesters
represented by polythylene terephthalate and the like. These resins may include
fluorine atom in order to improve non-water-permeability.

A method for forming the non-water-permeable layer at least on the surface or
in the interior of the skirt is not particularly limited. Examples of the method are, for
instance, (i) a method comprising preparing a non-water-permeable film as the non-
water-permeable layer and adhering the non-water-permeable film to the front surface
of the skirt, (ii) a method comprisihg preparing a non-water-permeable film as the
non-water-permeable layer, putting the non-water-permeable film between two layers
made of the flexible microporous material and adhering them, (iii) a method
comprising contacting the skirt with a solution obtained by dissolving a material used
for a non-water-permeable layer in a suitable solvent, prior to complete evaporation of
the solvent, and completely evaporating the solvent to form a non-water-permeable
layer at least on the surface of the skirt, (iv) a method comprising previously
contacting a raw monomer of a material used for a non-water-permeable layer with
the skirt, adding a suitable energy such as heat or light thereto to polymerize the raw
monomer and forming a non-water-permeable layer at least on the surface of the skirt,

and the like. In add_ition, when the
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of 1.3 mm made of pol yethyl ene terephthal ate and the non-water- perneabl e

| ayer 5 having a dianmeter of 7 mmand a thickness of 0.2 nmm nmade of

pol yet hyl ene terephal ate were integrally forned. Furthernore, in
order to easily suture, mcroholes for suturing having a dianmeter of 0.4mm
were appropriately provided at eight positions on the non-water- perneable
| ayer 5 away fromthe optical elenent 2 (not shown in Figure). (2)
Production of a skirt 3 Pol yet hyl ene terephthal ate fabric having a
t hi ckness of 0.5mm was cut into ring-dehlt-parts having an external
dianeter of 7.25 mmand an inner dianeter of 4 nrmwth trephine. (3)
Production of a flange 4 In the sanme manner as in the production of

the optical )@ HWAhodTVN5h dniflofAif a hydrophobic flexible material is used for the skirt
and a hydrophobic raw monomer is used for the non-water-permeable layer, the
hydrophobic raw monomer invades the microporous of the skirt to fill the interstice.
As a result, ocular tissue is possibly prevented from invading the skirt after
implantation. Therefore, it is preferable that the flexible material is previously
subjected to surface modification such as plasma treatment or that the raw monomer
is instantaneously contacted therewith to be rapidly polymerized.

The thickness of the non-water-permeable layer cannot be primarily
determined because it differs depending upon the kinds of the material composing the
skirt. Usually, in order to impart sufficient non-water-permeability, prevent leakage of
aqueous humor and invasion of bacteria, reduce stimulation on palpebral conjunctiva,
and retain flexibility, it is desired that the thickness is 0.005 to 0.5 mm or so,
preferably 0.01 to 0.3 mm or so.

In order to effectively prevent leakage of aqueous humor and invasion of
bacteria and reduce stimulation on palpebral conjunctiva, the non-water-permeable
layer is preferably provided on the surface of the skirt corresponding to the front
surface of the resultant artificial cornea, particularly on the whole surface of the
flexible material.

In addition, upon suturing, when the non-water-permeable layer is made of a
soft material, suturing may be carried out by passing a suturing needle as it is through
the non-water-permeable layer. On the other hand, when the non-water-permeable
layer is a relatively hard material, a suturing needle may not pass therethrough in
some cases. Accordingly, it is desired that microhole is provided on the non-water-
permeable layer with stich a degree that invasion of bacteria and leakage of aqueous'

humor do not occur by healing of a wound after implantation of artificial cornea. In
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wat er - per neabl e | ayer 5, a piece nade of polyethylene terephthal ate was
subjected to cutting and polishing process to give ring-donut-parts having
a thickness (of the flange 4) of 0.3 mm an external dianeter of 9 nm and
an inner dianeter of 4 mm (4) Bonding of the optical elenent 2 and the
non-wat er - perneabl e layer 5 to the skirt 3 and the flange 4 The
central opening of the ring-donut-skirt 3

-12-

addition, the microhole is preferably provided at such an angle that coincides with
crook of the suturing needle.

 Furthermore, in the artificial cornea of the present invention, the skirt is
provided with a flange on the side of the skirt configured to face the interior of the eye
during implantation of the artificial cornea, and the flange radially protrudes outward
from the skirt.

As described above, the artificial cornea of the present invention has great
characteristics that the skirt is provided with the flange, and the flange radially
protrudes outward from the skirt.

In the artificial cornea of the present invention, according to the presence of
the flange, the flange caps an incised wound of the cornea from the interior of anterior
chambers to physically dam and inhibit the down growth (rounding of growth cells
derived from corneal tissue toward the posterior surface of the artificial cornea). As a
result, detachment and extrusion of the artificial cornea can be more assuredly
inhibited and excellent transparency of the optical element is assuredly maintained
without arrival of grown cells by the down growth at the optical element.

Materials used for the flange are not particularly limited, and any materials
may be used as long as they are unharmful on human body and excellent in safety and
can attain the object of the present invention. For instance, the same materials as those
used for the optical element, the skirt and the non-water-permeable layer may be used.

The flange radially protrudes outward from the skirt, and shape thereof is not
particularly limited and any shapes may be adopted as long as they are excellent in
safety and can attain the object of the present invention. In order to effectively exhibit
effects of the present invention, it is desired that the flange is formed so that it
annularly and radially protrudes outward from the skirt over the whole peripheral of
the side of the skirt configured to face the interior
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-20 - obtained in the item(2) was put in the optical element 2 along its
external circuit in the parts in which the optical elenent 2 and the
non-wat er - perneabl e |l ayer 5 were integrally fornmed, obtained in the item
(1). Next, the central opening of the ring- donut-flange 4 obtained in the
item (3) was put in the optical elenent 2 along its

-13-

of the eye during the artificial cornea is implanted.

In order to sufficiently exhibit effects of the present invention, such as
maintenance of transparency of the optical element and prevention of extrusion of the
artificial cornea, for instance, it is desired that the flange radially protrudes outward to
radius direction from the skirt by at least 0.5 mm. In view of easy insertion into the
interior of the eye, it is desired that the flange protrudes from the skirt by at most 2
mm, usually by 1 mm or so.

In view of easy insertion into the interior of the eye and insurance of the
interval to iris and the volume of anterior chamber, and in order to eliminate adverse
effects on the eye, it is desired that the thickness of the flange (ocular optical axis
direction) is at most 1 mm, preferably 0.1 to 0.5 mm.

In addition from the viewpoint of strength, the flange is preferably made of
such the material and has such the thickness that it has strength endurable without
extreme deformation even at a pressure of from normal intraocular pressure (20
mmHg or so) to a maximum of 50 mmHg. Therefore, from the viewpoint of strength,
for instance, the thickness of the flange is preferably at least 0.1mm.

Now, various embodiments of the artificial cornea of the present invention
will be explained based on the following drawings.

Fig. 1 is a schematic cross-sectional view showing one embodiment of the
artificial cornea of the present inventibn, which is implanted into corneal tissue.

In Fig. 1, the artificial cornea 1 of the present invention comprises the optical
element 2 having the front surface 2a and the posterior surface 2b and the skirt 3. The
skirt 3 is provided with the flange 4 which is radially protrudes outward from the skirt
3 on its side (interior of anterior chambers) 7 which is configured to face the interior
of the eye when the artificial cornea 1 is implanted into the corneal tissue 6. The skirt
3 is further |
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external circuit froma direction which the central opening of the skirt 3
was put therein. Moreover, a part of the optical elenment 2 (thickness: 0.3
m protruded fromthe central opening of the flange 4. Then, the positions
where the flange 4 was put in the optical elenment 2 were wel ded together
with by heating. The thus obtained artificial cornea was sterilized
with ethylene oxide gas and inplanted into the eye of a rabbit and it was
found that suturing could be easily carried out through the above

m crohol es for suturing. Thereafter, thklstate was observed with the
passage of time. As aresult, it was found that, even after 13 weeks

el apsed frominplantation, there was no extrusion and detachnment of the
artificial C@eﬁps@wimﬂe A6rh-WhicF pimeaBleN18fer 5 duthy s BB BaRerébt (Budfdel oTihd | SSue,
transparen of the optical element of the artificial cornea was retained,
and | eakageeys). i ntraocul ar aqueous hunor and inflanmmati on such as

' ntraocular inf o %%ﬁ% Ged e arrt‘iaﬁcgﬂryoﬁ?eg'l of the present invention has the flange

4, the flange 4 caps the incised wound of cornea 9 from the interior of aqueous
chambers 7. Thereby, progression of the down growth can be physically inhibited
and, as a result, the posterior surface of the optical element 2 is not covered with the
grown tissue by the down growth and excellent transparency of the optical element 2
is assuredly maintained and, further, there is no possibility of detachment and
extrusion of the implanted artificial cornea 1.

In the artificial cornea 1 shown in Fig. 1, the flange 4 is a separate member
from the optical element 2 and the skirt 3 (that is, attached afterward). Also, the flange
4 is provided over the whole surface of the interior of anterior chambers 7. In the
present invention, the flange 4 may be integrally formed together with a part of the
optical element 2 and/or the skirt 3, or may be separately formed, and thus, there is no
limitation. |

For instance, Fig. 2 is a schematic cross-sectional view showing one
embodiment of the artificial cornea 1 of the present invention, comprising of the
optical element 2 and the skirt 3, wherein the flange 4 which is integrally formed
together with the optical element 2 is provided so as to radially protrude outward from
the skirt 3, and further, the skirt 3 is provided with the non-water-permeable layer 5
on the surface thereof. |

Fig. 3 is a schematic cross-sectional view showing one embodiment of the
artificial cornea 1 of the present invention, comprising the optical element 2 and the
skirt 3, wherein the flange 4 is a separate member from the optical element 2 and the
skirt 3 and is provided on the side surface of the skirt 3 so as to radially protrude
outward from the lower end of the side surface of the skirt 3, and further, the skirt 3 is

provided with the non-water-permeable layer 5 on the surface thereof.
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Thus, the good state was nmintained. . | NDUSTRI AL
APPLI CABI LI TY Since the artificial cornea of the present invention
can be easily sutured to ocular tissue and easily fixed to ocular tissue,

it well coapts with ocular tissue, can prevent |eakage of intraocul ar
aqueous hunor and intraocul ar invasion of bacteria and can reduce

stinul ation on pal pebral conjunctiva. Furthernore, the artificial cornea
can inhibit progression of the dowmn growh, so that there is no possibility

of reduction in transparency of the optjgal el enent due to the down growth
as well as detachnent and

like may be used for the skirt 3, as mentioned above. When the adhesive is used upon
the above bonding, it is necessary not to deteriorate transparency of the -opticai
element 2.

In addition, the artificial cornea 1 shown in Fig. 2 can be obtained, for
instance, by integrally molding the optical element 2 and the flange 4 and
appropriately bonding this with the skirt 3 and the non-water-permeable layer 5 using
an adhesive or the like. Integral molding of the optical element 2 and the flange 4 can
be easily carried out using a mold having the desired shape, for instance, by injection
molding, compression molding or the like. In addition, the skirt 3 and the non-water-
permeable layer 5, and the bonding may be the same as those described for the
artificial cornea 1 shown in Fig. 1.

In the present invention, the similar microporous structure composed of the
same material as that of the skirt may be imparted to the flange so as to be
incorporated to corneal tissue as long as the adverse effects due to the growth of cells
derived from corneal tissue are not given to the optical element.

The thus obtained artificial cornea of the present invention having the above
essential components is well coapted with ocular tissue, can prevent leakage of
intraocular aqueous humor and intraocular invasjon of bacteria, and at the same time,
can reduce stimulation on palpebral conjunctiva. Furthermore, the artificial corea can
inhibit progression of the down growth, so that there is no possibility of reduction in
transparency of the optical element due to the down growth as well as detachment and
extrusion from the implanted state.

In the present invention, in order to enhance compatibility with tear and
aqueous humor and impart at least good optical property thereto, it is desired that
there is subjected to surface modification a portion of the artificial cornea, which

contacts with tear and aqueous humor, preferably the whole
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eXtrusion fromthe inplanted state.

-17-

surface of the artificial cornea.

A method for carrying out surface modification to the artificial cornea of the
i)resent invention is not particularly limited. Examples of the method are, for instance,
a method comprising graft bonding (polymerizing ) a hydrophilic component
(monomer) such as acrylamide or hydroxyethyl methacrylate w1th the surface of the
artificial cornea, a corona discharge treatment method, a plasma treatment method, a
method comprising immersing the artificial cornea in a solution obtained by
dissolving a hydrophilic polymer such as collagen in a suitable solvent and carrying
out modification with crosslinking it by irradiation with light, and the like.

Next, the artificial cornea of the present invention will be more specifically
explained on the basis of Examples. However, the scope of the present invention is

not limited to only the Examples.
EXAMPLE 1

[Production of an artificial cornea in which a non-water-permeable layer is formed on
one side (front surface) and a flange is provided on the other side (posterior surface)]
An artificial cornea 1 having the shape shown in Fig. 1 (dimension is shown in
Fig. 6) was produced '
(1) Production of a transparent optical element 2
A transparent polyetherpolyurethane sheet having a thickness of 0.5 mm was
cut out with a trephine having a diameter of 4 mm.
(2) Production of a skirt 3
Non-woven fabric having a thickness of 0.5 mm (METSUKE (Japanese
Industrial Standard): 50 g/m®) , made of polyetherpolyurethane was cut out into ring-
donut-parts having an external diameter of 7 mm and an inner diameter of 4 mm with
a trephine. |
(3) Production of a non-water-permeable layer 5, and bonding of the non-water-
permeable 5 to the optical element 2 and the skirt 3
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-21 - CLAI M5 1. An
artificial cornea conprising an optical elenent made of an optically
transparent material, having a front surface and a posterior surface, and a
skirt provided so as to support with surrounding at least a part of the
optical elenent, characterized in that the skirt is provided wwth a fl ange
on its side facing the interior of the eye during inplantation of the
artificial cornea and the flange radially protrudes outward fromthe skirt.
-18-

Adhesion of the optical element 2 and the skirt 3 to a polyetherpolyurethane
sheet (the same material as that of the non-water-permeable layer 5 and the optical
element 2) having a thickness of 0.05 mm, obtained by a casting method was carried
out using a tetrahydrofuran solution of the same polyetherpolyurethane as an
adhesive, so that the front surface 2a of the optical element 2 was bonded to the non-
water-permeable layer 5. This was fully dried and then, cut out along an external
diameter of the skirt 3 with a trephine having a diameter of 7 mm.

(4) Production of a flange 4, and bonding of the flange 4 to the optical element 2, the
skirt 3 and the non-water-permeable layer 5

Adhesive of the parts obtained in the item (3) to a polytherpolyurethane sheet
(the same material as that of the flange 4 and the optical element 2) having a thickness
of 0.2 mm, obtained by a casting method was carried out using the same adhesive
used in the item (3) so that the posterior surface 2b of the optical element 2 was
bonded to the flange 4. This was fully dried and then, cut out with a trephine having a
diameter of 9 mm so that the flange 4 protruded from the skirt 3 by 1 mm to radius
direction. '

The thus obtained artificial cornea was sterilized with ethylene oxide gas and
implanted into the eye of a rabbit, and it was found that suturing could be easily
carried out. Thereafier, the state was observed with the passage of time. As a result, it
was found that, even after 26 weeks elapsed from implantation, there was no
extrusion and detachment of the artificial cornea, the artificial cornea firmly coapted
with ocular tissue, transparency of the optical element of the artificial cornea was
retained, and leakage of intraocular aqueous humor and inflammation such as

intraocular infection were not recognized. Thus, the good state was maintained.
EXAMPLE 2

[ Production of an artificial cornea in which an optical
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2. The artificial cornea of Claiml, wherein the skirt is nmade of a

flexible material having a m croporous structure. - 3. The

artificial cornea of Claim2, wherein a non-water-perneable |ayer is

provi ded at |east on the surface or the interior of the flexible material.

4. The artificial cornea of Caim3, wherein the non-water-perneabl e

![ﬁye][ I's provided on the surface of the flexible material corresponding to
e front

-19-

element and a non-water-permeable layer are integrally formed and the optical
element protrudes from the center of a flange]

An artificial cornea 1 having the similar shape shown in Fig. 5 (dimension is
shown in Fig. 7) was produced.

(1) Production of a transparent optical element 2 and a non-water-permeable layer 5

A piece having a diameter of 10 mm and a thickness of 5 m, made of
polyethylene terephthalate was subject to cutting and polishing process to give parts
in which the transparent optical element 2 having a diameter of 4 mm and a thickness
of 1.3 mm, made of polyethylene terephthalate and the non-water-permeable layer 5
having a diameter of 7 mm and a thickness of 0.2 mm, made of polyethylene
terephalate were integrally formed.

Furthermore, in order to easily suture, microholes for suturing having a
diameter of 0.4mm were appropriately provided at eight positions on the non-water-
permeable layer 5 away from the optical element 2 (not shown in Figure).

(2) Production of a skirt 3

Polyethylene terephthalate fabric having a thickness of 0.5mm was cut into
ring-donut-parts having an external diameter of 7.25 mm and an inner diameter of 4
mm with trephine.

(3) Production of a flange 4

In the same manner as in the production of the optical element 2 and the non-
water-permeable layer 5, a piece made of polyethylene terephthalate was subjected to
cutting and polishing process to give ring-donut-parts having a thickness (of the
flange 4) of 0.3 mm, an external diameter of 9 mm and an inner diameter of 4 mm.

(4) Bonding of the optical element 2 and the non-water-permeable layer 5 to the skirt
3 and the flange 4
The central opening of the ring-donut-skirt 3
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surface of the artificial cornea. 5. The artificial cornea of
Caim 3, wherein the non-water-pernmeable |ayer shows substantial non-water
absorptive property or |ower water absorptive property of water content of
at nost 10% 6. The artificial cornea of Claim1, wherein at
| east the surface thereof is subjected to surface nodification.

-20-

obtained in the item (2) was put in the optical element 2 along its external circuit in
the parts in which the optical element 2 and the non-water-permeable layer 5 were
integrally formed, obtained in the item (1). Next, the central opening of the ring-
donut-flange 4 obtained in the item (3) was put in the optical element 2 along its
external circuit from a direction which the central opening of the skirt 3 was put
therein. Moreover, a part of the optical element 2 (thickness: 0.3 m) protruded from
the central opening of the flange 4. Then, the positions where the flange 4 was put in
the optical element 2 were welded together with by heating.

The thus obtained artificial cornea was sterilized with ethylene oxide gas and
implanted into the eye of a rabbit and it was found that suturing could be easily
carried out through the above microholes for suturing. Thereafter, the state was
observed with the passage of time. As a result, it was found that, even after 13 weeks
elapsed from implantation, there was no extrusion and detachment of the artificial
cornea, the artificial cornéa firmly coapted with ocular tissue, transparency of the
optical element of the artificial cornea was retained, and leakage of intraocular
aqueous humor and inflammation such as intraocular infection were not recognized.

Thus, the good state was maintained.
INDUSTRIAL APPLICABILITY

Since the artificial cornea of the present invention can be easily sutured to
ocular tissue and easily fixed to ocular tissue, it well coapts with ocular tissue, can
prevent leakage of intraocular aqueous humor and intraocular invasion of bacteria and
can reduce stimulation on palpebral conjunctiva. Furthermore, the artificial cornea can
inhibit progression of the down growth, so that there is no possibility of reduction in
transparency of the optical element due to the down growth as well as detachment and

extrusion from the implanted state.
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7. The artificial cornea of Caiml1, wherein at |east a part of the
optical elenent has spherical surface. -
22 - .
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CLAIMS

- 1. An artificial cornea comprising
an optical element made of an optically transparent material, having a front surface
and a posterior surface, and
a skirt provided so as to support with surrounding at least a part of the optical
element,
characterized in that the skirt is provided with a flange on its side facing the interior of
the eye during implantation of the artificial cornea and the flange radially protrudes
outward from the skirt.

2. The artificial cornea of Claim 1, wherein the skirt is made of a flexible

material having a microporous structure.

3. The artificial comea of Claim 2, wherein a non-water-permeable layer

is provided at least on the surface or the interior of the flexible material.

4, The artificial cornea of Claim 3, wherein the non-water-permeable
layer is provided on the surface of the flexible material corresponding to the front
surface of the artificial cornea.

5. The artificial cornea of Claim_ 3, wherein the non-water-permeable
layer shows substantial non-water absorptive property or lower water absorptive

property of water content of at most 10%.

6. The artificial cornea of Claim 1, wherein at least the surface thereof is

subjected to surface modification.

7. The artificial cornea of Claim 1, wherein at least a part of the optical

element has spherical surface.
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8. The artificial cornea of Claiml, wherein the optical elenent has
spherical surfaces having di fferent curvatures on the front surface
and the posterior surface t hereof, respectively, and | ens power is
inparted to the 5 optical elenent.

-23-
ARTIFICIAL CORNEA

ABSTRACT

An artificial cornea comprising an optical element made of an optically
transparent material, having a front surface and a posterior surface, and a skirt
provided so as to support with surrounding at least a part of the optical element,
characterized in that the skirt is provided with a flange on its side facing the interior of
the eye during implantation of the artificial cornea and the flange radially protrudes
outward from the skirt. The artificial cornea can be well compatible with ocular
tissue, prevent leakage of intraocular aqueous humor and intraocular invasion of
bacteria, reduce stimulation on palpebral conjunctiva and further, inhibit progression
of the down growth, and which has no possibility of reduction in u'émsparency of the
optical element due to the down growth as well as detachment and extrusion from the
implanted state.
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(57) Abstract

An artificial cornea compnsmg an
optical section having a front face and a back
face and made of an optically transparent
material; and a supporting section for
surrounding at least a part of the optical section
to support the same, characterized in that a
collar section radially protruded outward from
the support section is provided on the support
section in its side facing the interior of an eye
in the enthesis of the artificial cornea. The
artificial cornea can successfully adhere to the
eye tissue, prevent the outflow of aqueous
humor within the eye and the invasion of
bacteria into the eye, and reduce the irritation
of eyelid conjunctiva. Further, it can inhibit the
progress of downgrowth and causes none of a
lowering in transparency of the opical section
caused by the downgrowth and lifting or
dropout of the artificial cornea from the buried state,
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