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ABSTRACT
A keratoprosthesis is disclosed that can replace damaged comeal tissue. The
keratoprosthesis includes an anterior collagen layer made of transparent synthetic
collagen, and a hydrophobic posterior layer disposed posterior to the anterior collagen
layer, an anterior surface of the posterior layer being posterior of an anterior surface of

the anterior collagen layer.
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KERATOPROSTHESIS
FIELD OF THE INVENTION

The present invention relates generally to keratoprostheses, that is, devices to
replace damaged corneal tissue.

BACKGROUND OF THE INVENTION

A variety of pathological and accidental causes give rise to damage to the cornea
of the eye. Corneal ulceration and resultant scarring are among the most {requent causes
of loss of vision worldwide. Ulceration can result from infections, as with Pseudomonas,
Staghglococcus, Herpes, and fungi, as well as from chemical and thermal burns, including
sometimes after thermokeratoplasty. Ulceration can also occur in association with severe
vitamin A and protein deficiency (keratomalacia); in certain dry eye conditions, and in
neuroparalytic keratitis; in eyes of patients with autoimmune disease apparently limited to
the cornea (Mooren’s ulcer), and in association with known systemic autoimmune
disorders, like lupus erythematosus and Wegener’s granulomatosis, and possible
autoimmune diseases like theumatoid arthritis. Ulceration sometimes progresses to actual
perforation with the formation of synechiae between iris and cornea, secondary glaucoma,
and even blindness due to death of the optic nerve. Usually, however, after serious insult
to the cornea and enzymatic erosion of the stromal matrix, ulceration is arrested, and the
cornea, like injured skin, forms scar tissue which scatters light, causing loss of visual
acuity. Other mechanical damage can also occur to the cornea, as from scratches or
punctures by foreign objects. For these and a variety of other reasons, the corneal portions
of eyes must be surgically repaired or replaced.

Corneal transplants have become quite common, particularly in the United States.
Unfortunately, donor corneas are very difficult to obtain. A cornea to be donated must be
employed, if at all, within a matter of days or weeks from the time of death of the donor.

Various devices have been proposed for solving these problems. Glass,
polymethyl methacrylate (PMMA), various plastics, polymers, and hydrogels have been
tried, with variable success. One known artificial cornea is called the Boston
Keratoprosthesis, developed by a team led by Dr. Claes H. Dohlman. It includes a front
plate with a stem, which houses the optical portion of the device, a back plate and a
titanium locking c-ring. The device has been made from PMMA, but in recent versions
the back plate is made from titanium. AlphaCor (Argus Biomedical Pty Ltd, Perth,
Australia) is another known keratoprosthetic device. The implant is a 7-mm diameter,

one-piece, non-rigid synthetic cornea. It has an opaque, porous, high-water PHEMA
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(poly[2-hydroxyethyl methacrylate]) outer skirt, with a transparent central optic core of
gel PHEMA.

Osteo-odonto-keratoprosthesis (OOKP) is a much different procedure in which a
tooth is removed from the patient or a donor, and a layer of tissue from the tooth is fitted
with an artificial lens placed in a hole drilled in the tissue lamina. The lamina is grown in
the patients' cheek for a period of months and then is implanted upon the eye. The eye
must first be prepared by removing the entire inner surface of the eyelids, corneal surface
and any scar tissue. This is replaced by transplanting in the eye tissue of the mucosal
lining of the cheek. After the tooth bone implant is put in place, the mucosal lining is
replaced over the implant.

One known post-operative complication of corneal keratoprosthesis transplant
surgery is known as corneal melt. Corneal epithelial defects begin the melting process
with failure to re-epithelialize leading to either an infection or a trophic process and
subsequent device failure. On the molecular level, immune mediators and collagenases
attack the corneal stroma. The two most common causes of corneal melt are herpes
simplex virus (HSV) keratitis and retained lenticular material. Another complication is a
retroprosthetic membrane (RPM), characterized by an inflammatory/fibrous re-closure of
the posterior lamellar opening, usually composed of dense, avascular tissue.

SUMMARY OF THE INVENTION

The present invention seeks to provide a novel and improved keratoprosthesis, as
is described further in detail hereinbelow.

There is provided in accordance with an embodiment of the present invention a
keratoprosthesis including an anterior collagen layer made of transparent synthetic
collagen and a posterior layer made of a material with good or relatively good water-
sealing or hydrophobic properties (e.g., silicone layer). The anterior portion of the
posterior layer is attached to the posterior portion of the anterior layer. The layers can be
the same size or different sizes, that is, the posterior layer can have a bigger radius, same
radius or smaller radius compared with the anterior layer.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be understood and appreciated more fully from the
following detailed description taken in conjunction with the drawings in which:

Fig. 1 is a simplified front view illustration of a keratoprosthesis, constructed and

operative in accordance with an embodiment of the present invention.
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Fig. 2 is a cross sectional view of the keratoprosthesis of Fig. 1, in accordance
with one embodiment of the present invention.

Fig. 3 is a cross sectional view of the keratoprosthesis of Fig. 1, in accordance
with another embodiment of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

Reference is now made to Fig. 1, which illustrates a keratoprosthesis 10,
constructed and operative in accordance with an embodiment of the present invention.

The keratoprosthesis 10 includes a central collagen layer 12 made of transparent
synthetic collagen, and shaped as a corneal button. The optical properties of the collagen
layer 12, such as but not limited to, convexity, optical power, and refractive properties,
are selected for the particular patient. A posterior layer 14 is made of a material with good
water-sealing or hydrophobic properties, such as but not limited to, PMMA or silicone
and others.

The collagen layer 12, without limitation, has a thickness in the range of 100-550
um, and a diameter larger than posterior layer 14. With its larger diameter, the collagen
layer 12 is in complete 360° peripheral contact with the natural ocular tissue of the
recipient. This natural contact should eliminate the problem of corneal melt. However, the
invention is not limited to this and the collagen layer 12 may be of the same size or
smaller size relative to the posterior layer 14. The posterior layer 14 can be completely
posterior to (that is, underneath) the collagen layer 12 (Fig. 2 and 3) or can be positioned
in a pocket of the collagen layer 12 (shown in broken lines in Fig. 2). In any case, the
anterior surface (that is, the most anterior surface) of the posterior layer 14 is posterior of
the anterior surface (that is, the most anterior surface) of the collagen layer 12.

The anterior face of the posterior layer 14 may be bonded to the posterior face of
collagen layer 12. Suitable binding agents include for example, but are not limited to,
poly-L-lysine and poly-D-lysine or Polymerized N-isopropyl acrylamide (pNIPAM).

The anterior collagen layer serves as a corneal stroma (body) and in a patient with
good epithelial reserve, will be covered by the host epithelium. In the embodiment of Fig.
2, an additional anterior layer 16 is disposed over the collagen layer 12. The additional
anterior layer 16 may be made of epithelial cells of the recipient, which grows over the
collagen layer 12. Alternatively, in the embodiment of Fig. 3, an additional anterior layer
16A is a contact lens, constructed of a suitable lens material, such as but not limited to,

PMMA, rigid gas permeable (RGP) polymer, acrylics, silicone and others. The contact
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lens would be used for those patients with problems of growing epithelial cells, such as

with corneal surface problems.
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CLAIMS

What is claimed is:
1. A device comprising:

a keratoprosthesis comprising an anferior collagen layer made of transparent
synthetic collagen; and

a hydrophobic posterior layer disposed posterior to said anterior collagen layer, a
most anterior surface of said posterior layer being posterior of a most anterior surface of
said anterior collagen layer.
2. The device according to claim 1, further comprising an additional anterior layer
located on the most anterior surface of said anterior collagen layer.
3. The device according to claim 2, wherein said additional anterior layer is made of
epithelial cells of a recipient of said device.
4. The device according to claim 2, wherein said additional anterior layer comprises
a contact lens.
5. The device according to claim 1, wherein said anterior collagen layer is bonded to
said hydrophobic posterior layer.
6. The device according to claim 1, wherein said anterior collagen layer has a
diameter larger than that of said hydrophobic posterior layer.
7. The device according to claim 1, wherein said anterior collagen layer has a
diameter equal to that of said hydrophobic posterior layer.
8. The device according to claim 1, wherein said anterior collagen layer has a
diameter smaller than that of said hydrophobic posterior layer.
9. The device according to claim 5, wherein said anterior collagen layer is bonded to
said hydrophobic posterior layer with a binding agent.
10.  The device according to claim 9, wherein said binding agent comprises poly-L-
lysine.
11.  The device according to claim 9, wherein said binding agent comprises poly-D-
lysine.
12.  The device according to claim 9, wherein said binding agent comprises

polymerized N-isopropy! acrylamide.

Date Recue/Date Received 2022-05-30



WO 2016/108175 PCT/IB2015/060013
11

FIG. 1

16
12;\;}\// e é:zzz m{;:;:t L4
L SN INNN IR
FIG. 2
16A
AN
>~/ V4 /

12 /
TSN N NN
w——f L/ T/ AT

FI1G. 3







	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - CLAIMS
	Page 8 - DRAWINGS
	Page 9 - REPRESENTATIVE_DRAWING

