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OBJECTIVES: To describe the first clinical implantation of the CorNeat™ keratoprosthesis, which utilizes a polymeric scaffold for
biointegration within ocular tissue.
METHODS: The CorNeat keratoprosthesis was implanted in the right eye of a patient with bilateral corneal opacification and
neovascularization secondary to multiple failed grafts. The following surgical technique was used: 360 degree peritomy; epithelial
scraping and corneal marking; pre-placement of three corneo-scleral sutures through the implant; central trephination using a
7mm trephine and host cornea removal; keratoprosthesis placement and sutures tightening while fitting the corneal edge into the
posterior groove of the CorNeat keratoprosthesis; and repositioning of the conjunctiva over the implant skirt and fixation with
sutures and Fibrin sealant.
RESULTS: Twelve months postoperatively visual acuity improved to 1/16 from hand movement. The keratoprosthesis was properly
positioned. Tactile intraocular pressure was assessed as normal. Regional, mostly nasal, conjunctival retraction of 4–5mm over the
nano-fibre skirt was seen throughout follow-up. The anterior chamber was quiet and well-formed. No other postoperative
complications were observed.
CONCLUSION: This initial case may imply a potential breakthrough in the treatment of corneal disease not amenable to standard
corneal transplant. Long follow-up and additional implantations are desired to prove the long-term safety and efficacy of this
device.
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INTRODUCTION
Treatment of patients suffering from end stage corneal disease
poses a great challenge as there are limited options available for
visual restoration [1]. To date, the most successful solution is
corneal transplantation [2]. However, the shortage of transplants
and the lack of trained surgeons, limit the access to transplanta-
tions [2, 3]. In addition donor corneal tissue has limited
applicability for some indications. These include multiple graft
rejections, vascularized cornea and all forms of limbal stem cell
disease [4–8].
The search for a replacement to the natural cornea has been

going on for over 230 years, with the introduction of the first
keratoprosthesis (KPro) by Pellier de Quengsy in 1789 [9]. The
Boston KPro is the most widely used artificial cornea, but due to
a high rate of complications, including retroprosthetic mem-
brane formation, glaucoma, corneal melting and endophthalmi-
tis, it has not scaled to meet the challenge [10–13]. Other
options such as the Aurolab KPro and previously the AlphaCor
KPro have a high rate of operative and postoperative complica-
tions limiting their clinical use [14, 15]. Another type of
KPro uses autologous biological support of dentine tissue
alveolar bone or tibia bone tissue [16]. These require serial
surgical interventions and are also associated with unique
surgical complications such as lamina-resorption and oral

complications [17]. For these reasons, KPros are currently used
as a last resort with a global implantation rate reaching only
1000–2000 cases annually [1].

MATERIALS AND METHODS
CorNeat keratoprosthesis
The CorNeat KPro (CorNeat Vision Ltd, Raanana, Israel) is a synthetic
corneal implant designed to treat corneal blindness. The implant is
composed of a central optical member and an external integrating skirt
formed by electrospinning carbonated poly-urethane fibres, consequently
assimilating synthetic optics within the ocular tissue (Fig. 1).
Its optical element is made of medical-grade Poly-methyl-methacrylate

(PMMA). The lens is designed to provide a fixed optical power of 40.8
dioptres, which is equivalent to 42 dioptres at the plane of a normal
cornea. The current design of the optics of the CorNeat KPro is suitable for
phakic and pseudophakic patients. A matching IOL can be implanted
before or during surgery for optimized visual acuity. Future versions of
the CorNeat KPro are planned to support aphakic patients as well. To
eliminate potential astigmatism due to device malposition or decentration,
the CorNeat KPro lens’ surfaces are spherical. The lens, which spans almost
the entire way to the limbus (10mm in diameter), provides an effective
optical zone of approximately 6.5 mm in diameter. The wide optical
component potentially provides the patient a physiological visual field
and enables a comprehensive ophthalmological examination similar to
examining through the native cornea.
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The CorNeat KPro’s design consists of the following features for ease of
implantation and device retention: a corneal groove on the posterior side
of the lens to accommodate the patient’s corneal stump, three pairs of
suturing holes spaced at 120 degrees apart and a set of integration holes
full of nanofibers to stimulate biointegration. In addition, the optical
component’s perimeter has four access ports into the anterior chamber
designed to allow future surgical interventions, one of them is 2.6 mm
wide designed to enable IOL injection. A set of indicators visible under a
microscope are positioned on the edge of the optical zone to assist the
surgeon in locating them following implantation.
In contrast to previous KPros designed to integrate with the diseased

corneal remnant, the CorNeat KPro’s integrating skirt is implanted under the
conjunctiva. This highly vascularized tissue abundant with fibroblasts has
better wound healing potential, likely resulting in long-term biointegration.
In addition, its scaffold design promotes the migration of fibroblasts from
Tenon’s capsule into the skirt, leading to long-term integration of the
device––bypassing the prosthesis-host cornea interface that exists in other

prostheses [18, 19]. The skirt is 250microns thick and is easily placed under
the conjunctiva. The skirt extends 5mm from the edge of the lens
transparent zone and ends approximately 1mm from the closest insertion of
the extraocular muscles. The skirt dimensions are designed to fit most eyes,
yet it can be easily cut and adjusted by the surgeon to fit any eye. Finally, The
CoreNeat KPro’s visible component resembles the natural cornea, allowing
for favourable cosmetic results that mimic the native eye.
The surgical feasibility and biointegration of the CorNeat KPro were

evaluated in a recent study of eight rabbits implanted unilaterally and
observed for six months [18]. The results indicated a retention rate of
87.5% with no incidence of retroprosthetic membrane formation at the
conclusion of the 6-month follow-up period. In addition histopathological
evaluation revealed infiltration of fibroblasts with collagen deposition
among the device’s fibrils, indicating the integration of the implant into
surrounding tissue.

Clinical experiment
This experiment followed the tenets of the Declaration of Helsinki and was
approved by the Israeli National Council for Clinical Experimentation in
Humans (No. 201913872) and the Institutional Review Board Committee of
the Rabin Medical Center (No. RMC-19-0776). An informed consent was
obtained from the patient after explanation of the nature and possible
complications of the procedure.
A patient with bilateral corneal opacification secondary to multiple failed

grafts was examined at the cornea service of our medical centre. The
patient had previously undergone bilateral Penetrating Keratoplasty due to
pseudophakic bullous keratopathy following secondary bilateral anterior
chamber intraocular lens implantation after cataract extraction surgeries.
The patient subsequently underwent two Descemet’s Stripping Automated
Endothelial Keratoplasty operations in the right eye, which ended up with
graft failure. Other ocular history was positive for glaucoma. On
examination, visual acuity was hand movement in the right eye and
counting fingers in the left. The right eye had significant corneal
opacification with corneal neovascularization and was therefore consid-
ered for a KPro implantation.

Surgical procedure. The surgery was performed under general anaes-
thesia. The CorNeat keratoprosthesis was implanted using the following
technique: (1) 360 degrees peritomy was applied creating the intended
space for placement of the CorNeat KPro’s skirt (Fig. 2A); (2) the
epithelium was scraped; (3) the cornea was marked using the dedicated
transparent marker tool, which has a central hole for alignment
according to the central corneal mark, leaving a pattern on the cornea
that includes three pairs of suturing marks, four lines to point to

Fig. 1 CorNeat KPro’s design. A final product form, (B) upper view,
(C) bottom view. Black arrowhead indicates the lens component.
Red arrowhead indicates the integrating skirt component. Red
arrow indicates one of the five biostitching holes. Blue arrow
indicates one of the six suturing holes (three pairs interspaced at
120 degrees apart). Black arrow indicates one of the four access
ports which enable access into the anterior chamber for post-
operative procedures. “Port indicators” are marked in red. Blue
arrowhead indicate the posterior rim which is positioned into the
corneal opening after trephination.

Fig. 2 Photographs demonstrating the major steps of the CorNeat KPro surgical implantation procedure. Conjunctival peritomy (A);
Marking procedure using the dedicated Marker tool (B); Marking pattern which includes the mark of the three pairs of sutures and the
trephination (C); Preplacing of three safety sutures at the marked spots and at the designated suturing holes in the CorNeat KPro (D);
Trephination of 7mm at the centre of the cornea according to the mark (E); An “open sky” after removal of the central 7 mm of the cornea (F);
Suture fixation and insertion of the trephined corneal edge into the CorNeat KPro posterior undercut using the Snapper tool creating an
interference fit for sealing the eye (G); Repositioning and suturing the conjunctiva over the CorNeat KPro’s integrating skirt (H).
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potential paracenteses and the trephination’s edge (Fig. 2B, C); (4) two
clear corneal incisions of 1.1 mm were created where indicated by the
paracentesis lines and the eye was filled with viscoelastic; (5) three non-
degradable, 9-0 Nylon sutures (Ethilon, Johnson & Johnson, New
Brunswick, New Jersey, U.S.), were pre-placed through the implant and
the corneo-sclera, passing first through the dedicated holes on the rim of
the KPro optics, then entering the suture hole marks on the cornea,
passing radially through the cornea and sclera and exiting through the
sclera (Fig. 2D); (6) trephination using a 7 mm trephine was performed
and the opaque host cornea was removed (Fig. 2E, F); (7) the implant
was placed and the sutures were tightened to seal the anterior chamber;
(8) the corneal edge, which had been marked for better visualization,
was manipulated into the posterior groove of the CorNeat KPro using a
customized spatula tool, called the “Snapper”, inserted into the anterior
chamber at the marked paracentesis lines. (Fig. 2G); (9) the conjunctiva
was repositioned over the implant skirt to completely cover it and fixed
with 8-0 Polyglactin 910 sutures (Vicryl, Johnson & Johnson, New
Brunswick, New Jersey, U.S.) and Fibrin sealant (TISSEEL Lyo, Baxter
International, Deerfield, Illinois, U.S.) (Fig. 2H).

RESULTS
Postoperative follow-up was scheduled at one day after surgery,
one week, two weeks, one month, two month, three months and
then every three months after implantation of the KPro.
One day postoperatively visual acuity was 1/20. Tactile

intraocular pressure was assessed as normal. Good conjunctival
cover over the bio-integrating skirt with mild subconjunctival
haemorrhage was observed. The implant was clear and well
placed. Anterior chamber was deep, with cells++, flare++ and no
fibrin or hypopyon. Anterior chamber intraocular lens was intact.
Optic nerve pallor with attached retina and narrow blood vessels
were visualized well through the KPro. Anterior segment optical
coherence tomography (OCT) demonstrated proper location of
the KPro at 360 degrees. Macular OCT showed thinning and
disorganization of the inner retinal layers, with the outer retina
and retinal pigment epithelium in the perifoveal area intact. In
addition, sub-foveal disturbance in the ellipsoid zone as well as
mild intraretinal cystic changes were noted. B scan ultrasono-
graphy findings were unremarkable.
On consecutive examinations, visual acuity ranged between

1/16 and 1/20. The KPro was well tolerated and properly
positioned (Fig. 3). Intraocular pressure was within normal range.
Mild conjunctival retraction of 4–5mm over the nasal and superior

part of the KPro skirt was seen (Fig. 4). The anterior chamber
was quiet and well-formed. Posterior pole was visualized well. No
postoperative complications were observed. Additional anterior
and macular OCT images taken throughout the follow-up period
showed similar findings to those of the first postoperative day
evaluation. Six months postoperatively, a fine membrane over the
inferior part of the anterior chamber intraocular lens was seen
(Fig. 5). The membrane was successfully removed using Nd:YAG
laser. At the last follow-up examination, twelve months post-
operatively, visual acuity was stable at 1/16.

DISCUSSION
Treatment of corneal blindness is one of the most challenging tasks
in ophthalmology [1]. In some patients, allogeneic corneal
transplantation has an extremely guarded prognosis [4]. KPros are
valid treatment options for eyes which are not suitable for therapy
with tissue-based solutions. However, previous attempts at artificial
corneas such as the Boston KPro have been mostly based on carrier
tissue that anchor the implant to the corneal tissue, achieving poor
and temporary integration [10, 14, 15]. This concern is especially
noticeable in patients who are poor candidates for corneal
transplantation. In addition, the commonly used Boston type 1
KPro, requires the use of corneal tissue, the availability of which is

Fig. 3 Anterior segment optical coherence tomography demon-
strating proper location of the CorNeat KPro at the 3-months
postoperative visit. White asterisk indicates the centrally placed
optical component. White arrows indicate a cross section of the
corneal remnant seating securely in the dedicated undercut of the
KPro (white arrowheads). Yellow arrows indicate the integrating skirt
component located underneath the conjunctiva. Note the anterior
chamber (white dotted line), anterior chamber intraocular lens (red
arrow) and iris (blue arrows).

Fig. 4 An ocular photograph of the patient 6 month after the
CorNeat KPro implantation. The well placed KPro and the
conjunctival vitality over the implant with the nasal conjunctival
retraction are demonstrated.

Fig. 5 An ocular photograph of the patient 6 month after the
CorNeat KPro implantation. A fine membrane over the inferior part
of the anterior chamber intraocular lens (white arrow) was obsereved.
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low [3, 10]. Another solution is KPros with an autologous biological
haptic, such as the osteo-odonto-KPro or the tibia-KPro. However,
these require major surgical intervention, serial procedures and are
accompanied with unique surgical complications [16].
The CoreNeat KPro presents an alternative by a novel approach

of subconjunctival integration, along with a microporous matrix
that stimulates cellular growth. Previous studies have shown the
feasibility of this integration concept. In a rabbit model study
evaluating the CorNeat implant, histopathological samples
demonstrated the presence of fibroblasts and abundance of
collagen fibrils within the device’s integrating skirt and the
biostitching openings, as well as foreign body reaction, composed
of macrophages, multinucleated giant cells, and lymphocytes
located mostly at the margins of the implanted device [18].
Comparable response was observed in the AVflo™ (Nicast Ltd,
Israel) arteriovenous graft for haemodialysis, that uses similar
polymers and manufacturing technology, showing rapid integra-
tion into the surrounding tissues, alongside favorable efficacy and
safety clinical results over two years in comparison with other
available implants in that field [20, 21]. This concept of using a
skirt promoting biointegration, offers a potential for long term
integration. In addition, it possibly expands treatment options
available to patients with associated ocular surface disease such as
Ocular Cicatricial Pemphigoid and Steven Johnson syndrome, who
are considered poor candidates for the Boston type 1 KPro.
Moreover, the CorNeat KPro provides a completely synthetic
solution, resolving issues of tissue availability. Finally, The CorNeat
KPro implantation procedure, based on fitting the device into the
patient’s trephined cornea, using customized tools, and fastening
it with only three sutures, is relatively short (approximately 45 min)
and simple when compared to other KPros.
Our preliminary clinical evaluation indicates a feasible, one

staged surgical procedure and good short-term integration of the
CorNeat KPro within the ocular tissue while maintaining clarity of
the visual axis, resulting in an improvement of visual acuity from
hand movement to 1/16. It ought to be noted that the potential of
visual recovery was limited in our patient due to other ocular
conditions. It is likely that eyes with isolated corneal pathology
would regain better visual recovery.
Nevertheless, not withholding its potential, several challenges need

to be addressed. First, the insertion of the corneal stamp into the
KPro’s posterior undercut requires highly skilful surgical technique.
Difficulties in this step could lead to intraoperative complications such
as bleeding or poor sealing of the eye. It is possible that changing the
groove structure will facilitate this process. In addition, postoperative
conjunctival retraction, possibly predisposing to infection and failure
of long-term integration needs to be further studied.
In summary, the CorNeat KPro offers an alternative to current

KPro procedures, with potential advantages including subcon-
junctival integration, wide visual field and favourable cosmetic
results. This is the first-in-human implantation of the CorNeat KPro.
This initial experience holds promise for a potential breakthrough
in the treatment of corneal disease not amenable to standard
corneal transplantation. Longer follow-up and additional implan-
tations are necessary to better assess the long-term safety and
efficacy of this device.

SUMMARY

What was known before:

● Previous attempts at an artificial cornea have been based on
anchoring the implant to the corneal tissue, achieving poor
and temporary integration. Previous keratoprosthesis implan-
tation procedures have significant risks, including retropros-
thetic membrane formation compromising clarity of the visual

axis, severe glaucoma and melting of the surrounding tissue
with secondary keratoprosthesis protrusion.

What this study adds:

● This is the first-in-human implantation of the CorNeat
keratoprosthesis. The synthetic CoreNeat keratoprosthesis
utilizes a polymeric scaffold for biointegration, consequently
assimilating synthetic optics within ocular tissue by a novel
approach of subconjunctival integration. The CoreNeat
keratoprosthesis has a wide optical component design that
provides the patient an optimal visual field and allowing for
favourable cosmetic results that mimic the native eye.
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