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Abstract

¢ AIM: To present results of the keratoprosthesis method

used at The Filatov Institute of Eye Diseases and Tissue
Therapy.

e METHODS: A retrospective case series analysis was

used to describe the development of new types of
keratoprostheses and methods of implantation as well as
different ways of leukoma strengthening.

e RESULTS: Keratoprosthesis was performed in 1 060

eyes of 1 040 patients with leukomas of different etiology:
burns, 725 eyes (68.4% ); trauma, 120 eyes (11.3%);
keratitis and ocular pemphigoid, 108 eyes (10.2%); and
bullous keratopathy, 107 eyes (10.1% ). Visual acuity
before keratoprosthesis consisted of light perception in
962 eyes (92%), and 98 eyes (8%) had minimal visual
acuity (1/200-1/50). Both eyes were blind (visual acuity
less than 1/200) in 955 patients (91.8%). The period of
blindness varied from 1 to 52 years. As a result of
keratoprosthesis, visual acuity of =1/200 was restored in
1 023 of 1 060 eyes (96.5%). Visual acuity of 20/200—-20/20
was achieved in 716 eyes (67.5%). At the last follow-up
visit visual acuity of =1/200 was preserved in 806 eyes
(76%), visual acuity of 20/200-20/20 was measured in 583
of 1 060 eyes (55%) and good keratoprosthesis fixation in
the cornea was achieved in 986 of 1 060 eyes (93%). The
minimal follow-up was 12 months (range, 12 months to
37 years, median 5 years).

e CONCLUSION: Our techniques of keratoprosthesis

effectively restore vision in patients with leukomas that
cannot be treated by optical corneal grafting.
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INTRODUCTION
T he search for a substitute for the natural cornea dates
back more than 200 years . Despite of a range
keratoprosthesis models have been elaborated and tested P,
very few devices have had successful long-term results and
continue in regular clinical use-osteo-odonto-keratoprosthesis
(OOKP) and Boston keratoprosthesist*?.,
We perform keratoprosthesis to restore vision in patients with
complicated leukomas that are unsuitable for optical corneal
grafting using original type of keratoprosthesis and surgical
technique. Complicated leukomas include those that occur
due to severe eye burns, corneal traumas, keratouveitis,
terminal stages of edematous bullous keratopathy, ocular
pemphigoid and trachoma, as well as cases for which
multiple corneal graft failures have occurred or human donor
corneas are not available for keratoplasty.
The aim of this study was to present short history and main
results of application of keratoprosthesis types as well as the
keratoprosthesis implantation technique, developed and used
at the Filatov Institute since 1966 "1, The technology was
also introduced in China®, Poland and Bulgaria (unpublished
data).
SUBJECTS AND METHODS
Keratoprosthesis studies at the Filatov Institute have been
aimed at the development of new keratoprosthesis types,
techniques for keratoprosthesis implantation, and methods for
strengthening leukomas and keratoprosthesis. Additional
studies have focused on keratoprosthesis complications and
methods for their prevention and treatment, as well as
indications for keratoprosthesis.
There have been 4 periods of keratoprosthesis use at the
Filatov Institute based on development of keratoprosthesis
types: 1966-1971, keratoprosthesis using the Puchkovskaya-
Golubenkomodel were applied (40 operations, Figure 1 A); 1972-
1974,"open-work" keratoprosthesis with the Puchkovskaya-
Takymenko-Golubenko model (70 operations, Figure 1B, C);
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Figure 1 Types of keratoprosthesis developed in the Filatov
Institute.

1975-1977, "new nondismountable" keratoprosthesis using
the Takymenko-Golubenko model (157 operations, Figure 1
D-F); and 1978 to the present, "universal dismountable"
keratoprosthesis based on the Iakymenko-Golubenko model
(793 operations, Figure 1G). All keratoprosthesis were made
in the Institute's laboratory and consisted of the optical
cylinder, which is made of polymethylmethacrylate, and the
support, which is made of tantalum, an inert and highly
corrosion resistant metal. The optical cylinder of the entire
keratoprosthesis model lineup has not been changed
significantly during the years; it had a diameter of 3.3mm in
the anterior part and 2.6mm in the posterior part. The height
of the anterior part of the optical cylinder may vary from
0.6mm to 2.4mm depending on the thickness of a patient's
cornea. The main adjustments have been made to the support
design. Its surface area was finally made as minimal as
possible (Figure 1G).

New methods of keratoprosthesis (penetrating, optical-
cosmetic, anterior-penetrating, and posterior-penetrating)
were developed and used for treating different types of
leukomas from 1966 onward (Figure 2 ,3). The construction
of a "universal dismountable" keratoprosthesis creates
conditions for better implantation of the latter; prevents
aseptic necrosis of the cornea, keratoprosthesis extrusion, and
aqueous humor filtration along the optic cylinder; and allows
keratoprosthesis removal in case of complications. The
"universal dismountable" keratoprosthesis also permits using
penetrating, optical-cosmetic, anterior-penetrating, or posterior-
penetrating methods and shifting anterior-penetrating or
posterior-penetrating  keratoprosthesis to penetrating or
optical- cosmetic (if necessary).

We have further developed and used a "two-stage" method
for keratoprosthesis since 1974, which was an important
factor in increasing efficacy of the surgery (Figure 4)!'". In
the first stage, after division of the cornea into anterior and
posterior layers at maximal possible depth, only the posterior
layers are trephined in the center with 2.5mm trephine where
the keratoprosthesis is placed. The keratoprosthesis is then
covered with the non-trephined anterior layers of the cornea.
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Figure 2 Methods of Kkeratoprosthesis A: Penetrating; B:
Anterior-penetrating; C: Optical-cosmetic; D: Posterior- penetrating.
1, 2: Keratoprosthesis; 3: Cornea; 4: Cosmetic lens; 5: Intracorneal

grafts.

Figure 3 Patient after optical —cosmetic Kkeratoprosthesis

(keratoprosthesis with attached cosmetic contact lens) A:
Slit-lamp photo; B: General view.

If present, lens is extracted at the moment of keratoprosthesis
implantation. The extraction is performed either through
trephine opening in posterior corneal layers or through
additional limbal incision, as previously described [Sl. The
second stage is performed 3-6 months later, and only the
corneal anterior layers over the optical cylinder of
keratoprosthesis are trephined with 3.5mm trephine.

Methods for leukoma strengthening were developed to
Different

keratoplasty methods and tissues are used for this aim.

achieve safe keratoprosthesis fixation ¥,
Epicorneal strengthening of the leukoma is fulfilled with
donor cornea or with the patient's oral mucosa 5-6 months

before keratoprosthesis (Figure 5).
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[:] :Optical and fixative parts of keratoprosthesis
[]:The cornea of a patient
\HEH] :Enhancing intracorneal graft

Figure 4 Scheme of two-—stage method of keratoprosthesis A:
After the 1% stage; B: After the 2™ stage of the operation.
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Figure 5 Scheme of superficial leukoma strengthening A:
Leukoma strengthening with corneal or oral mucosa graft; B:
Leukoma  strengthening and  simultaneous lower eyelid
symblepharon removal with oral mucosa graft; C: Leukoma
strengthening and simultaneous both eyelids symblepharon removal
with oral mucosa graft. Dashed line circle: limbus; continuous line
circle and crosses: graft forms and suture placement for episcleral

graft fixation.

Intracorneal strengthening of the leukoma is simultaneously

performed with keratoprosthesis implantation. Donor
lamellar corneal graft (posterior stroma with Descemet's
membrane) or dura mater or the patient's auricular cartilage
are used for this purpose (Figure 6). Grafts for intracorneal
strengthening were obtained using 9-10mm trephines. A
trephine with similar diameter of the optical cylinder of the
keratoprosthesis, 3.3mm, was used to make opening in the
center of the graft. After that, the graft was put on the optical
before the

keratoprosthesis implantation into the posterior corneal layers

cylinder of the keratoprosthesis either
opening or immediately after that.

Different combinations of the above mentioned methods and
tissues were used in majority of cases to get safe
keratoprosthesis fixation in leukoma.

Informed consent was obtained from each patient. The study
followed the tenets of the Declaration of Helsinki, and

institutional review board approval was obtained.

Figure 6 Tissues and graft forms used for intracorneal
strengthening of leukoma (upper figure) lamellar corneal allograft
(posterior stroma and Descemet's membrane); (bottom left figure)

patient's auricular cartilage; (bottom right figure) dura mater.

Table 1 Methods of keratoprosthesis and number of operated eyes
Keratoprosthesis method n
Penetrating 985
Optical-cosmetic 23
Anterior-penetrating 22
Posterior-penetrating 30
Total 1060

Table 2 Etiology of leukomas and number of operated eyes

Etiology of leukoma n(%)

Eye burn 725 (68.4)

Trauma 120 (11.3)

Keratitis, ocular pemphigoid 108 (10.2)

Bullous keratopathy 107 (10.1)

Total 1060 (100)
RESULTS

In total, keratoprosthesis was performed by various surgical
techniques in 1 060 eyes of 1 040 patients with leukomas of
different etiology from 1966 to 2011 (Tables 1, 2).

Different types of corneal grafting had been done in the
majority of patients prior to keratoprosthesis, but visual
acuity was not improved.

Visual acuity before keratoprosthesis consisted of light
perception in 962 eyes (92%) and 98 eyes (8%) had minimal
visual acuity (1/200-1/50). Both eyes were blind (visual
acuity less than 1/200) in 955 patients (91.8%) (Table 3).The
period of blindness varied from 1 to 52 years (median 3
(median 39
years). Keratoprosthesis was the only possible method to

years). The age of patients was 11-82 years

restore vision in these patients.

As a result of keratoprosthesis, vision of =1/200 was
restored in 1 023 of 1 060 eyes (96.5%). Visual acuity of
20/200-20/20 was achieved in 726 eyes (68.5%). At the last
follow-up visit, visual acuity of =1/200 was preserved in 806
eyes (76%), visual acuity of 20/200-20/20 was measured for
583 of 1 060 eyes (55%), and good keratoprosthesis fixation
in the cornea was observed in 986 of 1 060 eyes (93%). The
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Table 3 Visual acuity before keratoprosthesis and at the last follow-up visit n(%)
Visual acuity Before After keratoprosthesis At the last follow-up visit  Contralateral eye
0 (zero)/anophthalmos 42 (4) 462 (44.4)
Light perception 962 (92) 37 (3.5) 212 (20) 493 (47.4)
1/200-1/50 98 (8) 130 (12.3) 106 (10) 56 (5.4)
6/200-20/200 167 (15.7) 117 (11) 29 (2.8)
2/20-10/20 376 (35.5) 286 (27)
10/20-20/20 350 (33) 297 (28)
Total 1060 1060 1060 1040
Table 4 Types and rates of complications after keratoprosthesis %
Keratoprosthesis type
Complications Open-work New nondismountable Universal dismountable
1972-1974 1975-1977 1978-1994 19952010
(70 eyes) (157 eyes) (543 eyes) (250 eyes)
Aseptic necrosis of cornea 28.6 20.4 8.3 29
Extrusion of keratoprosthesis 17.1 9.5 35 1.5
Phthisis bulbi (uveitis, aqueous humor filtration) 7.1 5.7 2.4
Endophthalmitis 14 5.7 1.5 0.5
Retinal detachment 14 2.5 1.1 0.5
Retrokeratoprosthesis membrane 45.7 14.6 13.6 16.5
Overgrowth of cornf:al/cqnj ungtlval (oral mucosa) epithelium 20.0 197 249 183
over keratoprosthesis optic cylinder
Secondary glaucoma 5.7 1.3 1.3 1.5
Table 5 Terms and number of keratoprosthesis extrusion menace or keratoprosthesis extrusion
Terms (years after operation) and number of Total number of Total
Keratoprosthesis type keratoprosthesis extrusion menace / extrusion extrusion menace/ number of
1-2 years 2-5 years 5-10 years <10 years extrusion operations
Open-work 8/5 7/6 5/4 no data 20/15 70
New nondismountable 13/7 8/5 2/3 no data 23 /15 157
Dismountable 22/13 16/6 4/2 3/1 45/19 543
Dismountable keratoprsothesis with
essential epi- and intracorneal 4/2 2/1 -/- 1/1 7/4 250
strengthening
Total 47/27 33/18 11/9 4/2 95 /53 1020

minimal follow-up was 12 months (range 12 months to 37
years, median 5 years).

A detailed analysis of complications was performed for 1 020
patients who were operated on in 1972-2010 (Table 4). Forty
patients (40 eyes) who were operated on during the first 5
years (1966-1971) were not included in this analysis. The
main complication during these years was keratoprosthesis
extrusion (rate was more than 30% during the first year after
the operation).

The incidence of corneal aseptic necrosis over the
keratoprosthesis decreased from 28.6% in 1972-1974 to 2.9%
in 1995-2010, and the incidence of keratoprosthesis extrusion
decreased from 17.1% in 1971-1974 to 1.5% in 1995-2010.
The most frequent post-keratoprosthesis complications were
retrokeratoprosthesis membrane formation of different
density and obliteration of keratoprosthesis optic cylinder
with corneal (conjunctival) epithelium or oral mucosa.
However, these complications did not significantly decrease
visual acuity in the majority of patients. The epi- and
retrokeratoprosthesis membranes were surgically removed if
the decrease of visual acuity was significant.

The best results were obtained with a combination of our last
type of keratoprosthesis (1978-2010), the two-stage method
of keratoprosthesis (1974-2010), and application of different
leukoma-strengthening methods, intracorneal or epicorneal
(1974-1994). Since 1995 we have been using a combination
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of epi- and intracorneal leukoma-strengthening methods
exclusively. It has led to the most stable keratoprosthesis
fixation in patient's cornea (Table 4).

Terms and number of keratoprosthesis extrusion menace due
to aseptic lysis of corneal anterior layers over the
keratoprosthesis support, which led to the keratoprosthesis
extrusion or forced removal are presented in the Table 5.
Nevertheless, in 42/95 patients with the keratoprosthesis
extrusion menace the keratoprosthesis was saved in the
leukoma, if partial corneal lysis over the keratoprosthesis
support occurred and patient was referred to our center in
time. Following procedures have been used to stabilize the
keratoprosthesis in the leukoma: superficial keratoplasty with
use of lamellar corneal allograft or patient's oral mucosa graft
(less safe methods), intralamellar keratoplasty with use of
lamellar corneal allograft or patient's auricular cartilage
(more safe methods). Choice of the stabilization procedure
depended on condition of patient's cornea. The
keratoprosthesis was removed and tectonic corneal grafting
was performed in 53/95 patients with keratoprosthesis
extrusion menace, if extensive corneal lysis occurred and
patient was not referred to our center in time. Some of these
patients underwent re-keratoprosthesis later on and lost vision
was restored.

If secondary glaucoma was diagnosed both before and after

keratoprosthesis, we perform original operation elaborated at
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Figure 7 Patient N A: Preoperative status of both eyes 2 years after alkali burn; visual acuity consisted of light perception; B: After
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symblepharon removal with simultaneous epicorneal strengthening of the leukoma with oral mucosa on the right eye; C: After the first stage

of keratoprosthesis with simultaneous intracorneal strengthening of the leukoma with auricular cartilage autograft; D: After the second stage

of keratoprosthesis. Visual acuity was 20/20. Follow-up period was 32 years.

“.‘; - IR )
Figure 8 Patient Yu A: Preoperative status, terminal stage of bullous keratopathy, aphakia, previously operated on secondary glaucoma;

B: After the keratoprosthesis with simultaneous intracorneal strengthening of the leukoma with lamellar corneal allograft. Visual acuity was

12/20. Follow-up period was 16 years.

the Department-cyclo-gonio-drainage using autoscleral flap™.
The operation creates new suprachoroidal pathway for
aqueous humor drainage. This operation was performed in 24
patients before the keratoprosthesis and in 32 patients after
the keratoprosthesis. Normal intraocular pressure in 2-year
follow-up was achieved in 49/56 patients (87.5%).

All patients postoperatively received antibacterial and
anti-inflammatory therapy during 10-15 days, which included
topical and intramuscular antibiotics, topical and
intramuscular non-steroidal anti-inflammatory drugs, oral
steroids were used, if tolerated. Oral diuretics were used, if
ocular hypertension was present after the operation.

Visual field of the patients with keratoprosthesis mainly
depended on whether optic nerve and retina disorders were
present or not. Many of the patients had optic nerve atrophy
and chorioretinal lesions because of underlying disease or
secondary glaucoma. If optic nerve and retina were not
damaged, visual field equaled 40% of a normal visual field.
Clinical examples are presented in Figures 7, 8.
DISCUSSION

Recent advances in tissue engineering have now made it
possible to produce non-immunogenic natural corneal
substitutes from highly purified collagen, which seamlessly
integrate into host cornea®?", These materials should become
the future of artificial corneas. On the other hand, advances
in corneal grafting techniques and ocular surface
reconstruction have broadened the indications and improved

results of corneal grafting in severely damaged corneas ™.

But still, there is a big number of leukomas, where corneal
grafting fails and keratoprosthesis remains the last real option
for these patients. The osteo-odonto-keratoprosthesis for the
severe dry eye and the Boston type 1 keratoprosthesis for the
"wet blinking eye" are the operations of choice in this field®™.
Long-term retention rate and visual outcome of
keratoprosthesis technology developed at the Filatov Institute
are similar to that in the above mentioned methods. We
of developed leukoma

suppose that due to range

strengthening methods  (epicorneal, intracorneal or
combination of both) our keratoprosthesis method is
indicated for both dry and wet eyes. Concomitant lid
malpositions ~ (symblepharon, entropion, ectropion) are
removed during epicorneal leukoma strengthening. Thin
(thickness less than 500pm)

vascularised leukoma are the most challenging situations for

and/or insufficiently
this method. If cornea is thin, the division of the latter in two
layers at maximal possible depth can be a hard task and risk
of Descemet's membrane perforation exists. But even if
perforation occurs, it can be sutured, and keratoprosthesis can
be successfully implanted. If there is lack of leukoma
vascularisation, epicorneal strengthening may fail, thus safety
of keratoprosthesis fixation in corneal layers decreases,
because intracorneal strengthening alone remains an option to
get safe keratoprosthesis fixation. These leukomas will
probably better fit the Boston keratoprosthesis. However, thin
and non-vascularised leukomas are not absolute
contraindications for our keratoprosthesis method.
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Nevertheless, keratoprosthesis with the use of technologies
developed at the Filatov Institute is an effective method to
restore vision in patients with complicated leukomas
unsuitable for optical corneal grafting. The results were
obtained because of continuing improvement of
keratoprosthesis design and use of a two-stage method paired
with different methods of leukoma strengthening.
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