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Keratoprosthesis: a long-term review
J. J. BARNHAM AND M. J. ROPER-HALL

From the Birmingham and Midland Eye Hospital, Birmingham

SUMMARY A keratoprosthesis (KP) is an artificial cornea which is inserted into an opacified cornea
in an attempt to restore useful vision or, less commonly, to make the eye comfortable in painful
keratopathy. Results of a retrospective study of 35 patients, with 55 KP insertions, are reviewed
with regard to visual acuity, length of time vision is maintained, retention time, and complications.
Overall there were a number of long-term real successes, with retention of the KP and maintenance
of improved vision in eyes not amenable to conventional treatment. Careful long-term follow-up
was needed, with further surgical procedures often being necessary.

Keratoprosthesis (KP) surgery is indicated in cases of
corneal blindness for which conventional treatment
has failed or is likely to have a poor prognosis. Good
results have been obtained in the treatment of bullous
keratopathy, but only in selected cases, such as the
elderly debilitated patient, is it performed as a
primary procedure.

Severely vascularised corneae, ocular pemphigoid,
Stevens-Johnson syndrome, chemical burns, and
keratitis due to trauma may be treated by KP surgery.
However, results may be less predictable, and some
surgeons consider heavily vascularised comeae and
alkali burns unsuitable. Patients with abnormally dry,
hard, or soft eyes, or those in which light perception is
slow or inaccurate, are also considered unsuitable by
some surgeons. 2 However, KP surgery may be the
only procedure with any chance of success.
The concept of an artificial cornea in the treatment

of comeal blindness was suggested by Pierre de
Quengsy in 1789.3 Early work with glass, crystal, and
celluloid implants took place in the 19th century.3
After 1906, wheii the first successful human-to-human
corneal graft was performed, there was loss of interest
in the KP.

In 1950 Stone and Herbert4 noticed that poly-
methylmethacrylate (PMMA) splinters embedded in
the corneae of second world war pilots were well
tolerated. This led to their experiments which showed
that large PMMA discs could be retained indefinitely
in the corneae of rabbits.
With the introduction of this synthetic plastic

polymer of low toxicity and good optical quality, and
the failure of keratoplasty in chronically oedematous
Correspondence to Mr M. J. Roper-Hall, FRCS, Birmingham and
Midland Eye Hospital, Church Street, Birmingham B3 2NS.

and vascularised comeae, interest in corneal implants
was renewed.

Intralamellar discs were found to be well tolerated
in the human eye, but visual results were poor.56
Anterior perforating or posterior perforating
lamellar implants had a lower rate of extrusion than
fully penetrating implants, but opacity of the
remaining stroma gave poor visual results."8
Most work then centred on developing a pene-

trating implant with less tendency to be extruded.
The intralamellar supporting plate was designed by
Vanysek in 1954.3 This was later modified to include
fenestrations by Stone 1958.9 Modifications to the
supporting structure were subsequently introduced
with the use of tooth, cartilage, polyethylene
terephthalate (Terylene, Dacron), and ceramics. 1114

As the intralamellar discs and posterior perforating
implants were better tolerated than the penetrating
KP, it was postulated that improved results would be
obtained if the implant was buried for long enough to
enable it to be sealed off. A 2-piece implant was
designed by Stone in 1967'5 in which the central
component is changed at a second operation. This
second component could also be removed for cleaning
retroprosthetic membranes. Choyce described and
used his 2-piece KP in the same year.2
A new design of 2-piece penetrating KP was

described by Cardona. 6 This 'bolt and nut' KP allows
retrocorneal fixation, which permits the use of more
collagen over the supporting plate, again in the hope
of reducing the rate of extrusion.

Recent technical advances have been made in the
manufacture, sterilisation, storage, and handling of
the KP and in surgical methods. 17"8 The use of
tectonic grafts (conjunctiva, donor cornea, mucous
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membrane, etc.) and tarsorrhaphy has helped to
support and strengthen the host cornea or the implant
and so reduce the number of extrusions.19

Patients and methods

Thirty-five patients were reviewed with a total of 55
KP insertions. Of these 55 KP procedures 39 (70.9%)
were first-time KP operations, 8 (14-5%) were
second-time, 4 (7 3%) were third-time, 3 (5.5%)
fourth-time, and 1 (18%) was a fifth-time KP
insertion in a single eye.

Follow-up time ranged from 1 month to 15 years,
with only 4 patients having been followed up for less
than 6 months. The mean follow-up time was 2-29
years.

In 49 operations a penetrating KP was inserted and
in 6 an intralamellar disc. The 49 penetrating implants
comprised 28 one-piece of Cardona-Choyce type, 15
2-piece, and 6 PMMA cylinders supported by tooth

or silicone rings. The KPs are usually inserted into a
lamellar pocket dissected from the limbus with a
central trephine opening to permit the optical
cylinder to protrude anteriorly and posteriorly
through the full thickness of the cornea (Fig. 1).
A preoperative diagnosis of bullous keratopathy

was made in 20 patients (57-1%). Of these cases 16
followed cataract extraction, 1 followed lens dis-
location, and 3 had Fuchs's dystrophy unrelated to
surgery.
Of the remaining 15 patients (42-9%) 3 had corneal

damage following a perforating injury, 2 following an
explosion, 1 following lime burn, and 1 had a thermal
burn sustained in a road accident. Four patients had
herpetic keratitis, 1 interstitial keratitis, 1 band
keratopathy following iridocyclitis, 1 practolol
keratitis, and one Stevens-Johnson syndrome.
A history of preoperative glaucoma was obtained

in 6 patients (17 1%).
Previous surgery at the time of the initial KP

Fig. 1 The insertion ofa 3*5mm Choyce-Cardona one-piece keratoprosthesis (Rayner). (a) The KP is inserted into a
prepared intralamellarpocket afterfull-thickness trephining. (b) The implant is sited with its central cylinderpassing through
thefull corneal thickness and itsflange lying within the intralamellar pocket. This operation was performed in October 1967
and the same implant is still in situ with 6/12 acuity (December 1982).
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operation was recorded in 30 patients (85 7%).
Fifteen (42'9%) had only one previous operation, 6
had 2, and 9 had a history of3-8 previous operations.
On preoperative examination the best recorded

visual acuity was no perception of light (NPL) in 2
(3 6%), perception of light (PL) in 19 (34 6%), hand
movements (HM) in 20 (36 4%), counting fingers
(CF) in 8 (14-5%), CF><6/60 in 3 (5 5%), 6/60 in 1
(18%), and 6/36 in 2 (3 6%).

Results

Cases were reviewed with reference to the length of
time the KP remained in situ, the best unaided and
aided visual acuity obtained, the length of time the
improved vision was maintained, types and rates of
complications, and the amount of subsequent surgery
undertaken. Further, in the case of intralamellar discs
the ability of the implant to relieve discomfort was

noted.
Table 1 shows the visual acuity recorded pre- and

postoperatively in both penetrating and intralamellar
implants. Preoperatively 3 (5-5%) had 6/60 or better
and none 6/24 or better. Postoperatively 23 (41 8%)
had unaided vision of 6/60 or better and 15 (27'3%)
6/24 or better. This was increased with additional
spectacle correction to 29 (52-7%) with 6/60 or better
and 20 (36 4%) with 6/24 or better.
Table 2 shows recorded visual acuities for pene-

trating KPs only. The following results were
obtained. Preoperatively 3 (64I%) had vision of 6/60
or better and none 6/24 or better. Postoperatively 22
(44 9%) had unaided vision of 6/60 or better and 15
(30 6%) 6/24 or better. This was increased with
additional spectacle correction to 27 (55-1%) with
6/60 or better and 20 (40 8%) with 6/24 or better.

Table 3 shows the results in the small number of
cases of intralamellar implant. Preoperatively no
patient had vision of 6/60 or better. Postoperatively 1
(16-6%) had unaided vision of 6/60 or better; this was
increased with additional spectacle correction to 2
(33 3%) with 6/60 or better but none with 6/24 or
better.
The length of time for which an improved visual

acuity was maintained is shown in Table 4 both for
first-time and multiple KP procedures in a single eye.

Two cases were excluded with no PL, in which the
intralamellar implants were inserted for relief of pain.
An improved acuitywas maintained for more than 6

months in 22 (59-5%), for more than one year in
18 (48-6%), and improved vision for more than 5
years occurred in 12 (32-4%). Complications fol-
lowing surgery were frequent, necessitating careful
follow-up.

Table 5 shows the incidence of complications
following penetrating KP insertion. The commonest

Table 1 Penetrating and intralamellar KPs

VA Preop. exam. Postop.

Best unaided Best aided

NPL 2 (3 6%) 2 (3.6%) 2 (3.6%)
PL 19 (34 6%) 5 (9-1%) 5 (9-1%)
HM 20 (36 4%) 4 (7 3%) 4 (7-3%)
CF 8 (14-5%) 19 (34-5%) 11 (20.0%)
CF><6/60 3 (5 5%) 2 (3 6%) 4 (7 3%)
6/60 1 (1-8%) 3 (5 5%) 1 (1.8%)
6/36 2 (3 6%) 5 (9-1%) 8(14-5%)
6/24 0 4 (7 3%) 3 (5.5%)
6/18 0 3 (55%) 4 (73%)
6/12 0 7 (12-7%) 4 (7 3%)
6/9 0 1 (1-8%) 6 (10-9%)
6/6 0 0 2 (3-6%)
6/5 0 0 1 (1-8%)

Table 2 Penetrating KPs only

VA Preop. exam. Postop.

Best unaided Best aided

NPL 0 0 0
PL 19 (38-8%) 5 (10-2%) 5 (10-2%)
HM 17 (34 7%) 4 (8 2%) 4 (8 2%)
CF 7 (14-3%) 16 (32 6%) 10 (20 5%)
CF><6/60 3 (6-1%) 2 (411%) 3 (6-1%)
6/60 1 (2 0%) 3 (6-1%) 1 (2 0%)
6/36 2 (4-1%) 4 (8 2%) 6(12-2%)
6/24 0 4 (8 2%) 3 (6-1%)
6/18 0 3 (6-1%) 4 (8-2%)
6/12 0 7 (14-3%) 4 (8 2%)
6/9 0 1 (2 0%) 6 (12-2%)
6/6 0 0 2 (4-1%)
6/5 0 0 1 (2 0%)

Table 3 Intralamellar KPs only

VA Preop. exam. Postop.

Best unaided Best aided

NPL 2 (33 3%) 2 (33 3%) 2 (333%)
PL 0 0 0
HM 3 (50 0%) 0 0
CF 1(16-7%) 3 (50 0%) 1 (16-7%)
CF><6/60 0 0 1(16-7%)
6/60 0 0 0
6/36 0 1(16 7%) 2 (333%)
6/24 0 0 0

Table 4 Period ofimproved vision

Single or multiple surgery
(Postop. 2 (5 4%) were worse and 6 (16 2%) were similar)

0 to 6 months 7 (18-9%)
6 months to 1 year 4 (10-8%)
1 toS years 6 (16-2%)
S to 10 years 8 (21-7%)
10 to 15 years 4 (10-8%)
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complications were comeal erosion of various
degrees with or without partial exposure (53-1%),
spontaneous extrusion (32-7%), retroimplant
membranes or deposits (34-7%), and anterior
epithelial overgrowth (30.6%). In the only case of
phakic KP insertion in this review there was sub-
sequent cataract formation. It is now considered
wrong to insert a penetrating KP unless the eye is
aphakic.

In the small number ofintralamellar disc insertions,
comeal opacifications and erosions were the main
problems (Table 6). In the 2 cases in which the disc
was inserted for the relief of discomfort pain con-
tinued postoperatively, but the eyes became com-
fortable when the implants were removed.

Further surgery was commonly required to treat
complications, prevent extrusion, to remove the KP,
or to insert further implants (Table 7). Sixteen
(32 -7%) following first-time penetrating KP insertion
required no further surgery, but 21 (42 -9%) had more
than one and 7 (14-3%) required 5 or more sub-
sequent operations.
The length of time penetrating KPs remained in

situ is shown in Table 8. Fifteen (30-6%) were
retained for 3 months or less, 23 (46-9%) for more
than one year, 11 (22-4%) for more than 5 years, and
5 (10-2%) for more than 10 years. Results for intra-
lamellar KP are shown in Table 9.

Table 5 Postoperative complications

Penetrating KPs

Anterior epithelial overgrowth 15 (30 6%)
Corneal erosion and partial exposure 26 (53-1%)
Wound leak 10 (20-4%)
Spontaneous extrusion 16 (32-7%)
Increased intraocular pressure 7 (14-3%)
Retroimplant membrane or deposit 17 (34-7%)
Choroidal detachment 3 (6-1%)
Hyphaema 2 (4-1%)
Retinal detachment 3 (6-1%)
Vitreous haemorrhage 5 (10-2%)
Vitritis 1 (2-0%)
Endophthalmitis 3 (6-1%)
Intracorneal abscess 1 (2-0%)
Spastic entropion 1 (2-0%)
Conjunctival bleb 1 (2-0%)
Cataract 1 (2-0%)
Mucous membrane overgrowth 1 (2-0%)

Table 6 Postoperative complications

Intralamellar KPs

Comeal opacification 3 (50-0%)
Corneal erosion 2 (33-0%)
Discomfort 2 (33-0%)

Table 7 Multiple surgery afterfirst-time penetrating KP

No further procedure in 16 (32-7%)

I further operation 12 (24-5%)
2 further operations 8 (16.4%)
3 further operations 3 (6-1%)
4 further operations 3 (6- 1%)
5 further operations 3 (6.1%)
6 further operations 2 (4-1%)
7 further operations I (2-0%)
8 further operations 0
9 further operations 0
10 further operations I (2-0%)

Multiple surgery after intralamellar KP

No further operation l (16-7%)
I further operation 4 (66-6%)
2 further operations 1 (16-7%)

Table 8 Retention time ofpenetrating KP

Otolweek 2 (4-1%)
I week to 1 month 8 (16-3%)
1 to 6 months 8 (16-3%)
6 months to 1 year 8 (16-3%)
I to 2 years 8 (16-3%)
2 to 5 years 4 (8.2%)
5 to 10 years 6 (12-3%)
10 to 15 years 5 (10-2%)

Table 9 Retention time of intralamellar KP

Oto I week 0
1 week to 1 month 0
1 to 6 months 1 (16-7%)
6 months to 1 year 2 (33 3%)
1 to 2 years 0
2 to 5 years 1 (16.7%)
5 to 10 years 2 (33.3%)
10 to 15 years 0

Table 10 Fate ofpenetrating KPs

Remained in situ 21 (42 9%)
(mean follow-up 2-29 years)

Spontaneous extrusion 16 (32 7%)
Surgically removed 11 (22 4%)
Eye enucleated 1 (2-0%)

Table 11 Fate ofintralamellar KPs

Remained in situ 4 (66-7%)
(mean follow-up 2-29 years)

Spontaneous extrusion 0
Surgically removed 2 (33-3%)
Eye enucleated 0
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The fate of the penetrating KP can be seen in Table
10. Twenty-one (42 9%) remained in situ (mean
follow-up 2-29 years), 16 (32-7%) extruded spon-
taneously, 11 (22 4%) were surgically removed, and 1
eye (2 0%)wasenucleatedfollowingendophthalmitis.
Of the intralamellar KP (Table 11) 4 (66 7%)

remained in situ and 2 (33-3%) were surgically
removed. There were no spontaneous extrusions.

Discussion

The following discussion is restricted to penetrating
KPs, as this series contained an insufficient number of
cases of intralamellar KP insertions for any conclusion
about this type of implant to be drawn.
KP surgery is indicated in cases of comeal scarring

not amenable to conventional treatment. This often
means the selection of cases with very poor prognosis,
many of which will have had many previous surgical
procedures (Fig. 2).

Although bullous keratopathy is amenable to
keratoplasty, KP may be better in selected patients,

such as the frail elderly, where a KP gives an
immediate improvement in vision and the aphakic
correction is included in the implant.

Results can be gauged by measuring the visual
acuity, the length of time improved vision is retained,
and the length of time the KP remains in situ. Visual
acuity itself is not necessarily a criterion of success or
failure, as good guiding vision may be achieved
without central vision.

Problems may be overcome by careful follow-up
and prompt action. To prevent extrusion of the KP,
patients often have to undergo numerous further
operations. 67-3% needed further surgery, 14-3%
more than 5 further operations.

In this series 46-9% penetrating KP were retained
for one year or more and 10 2% for more than 10
years. The extrusion rate was 32-7% for all pene-
trating KP procedures and 27-3% for first-time KP
procedures. 78-4% of cases had improved visual
acuity. This improvement was maintained for more
than one year in 48&6%.
There are occasional remarkable long-term

Fig. 2 (a) The eye ofa patient with corneal endothelial decompensation after a past history ofcongenital cataracts and
glaucoma, who had had at least 9 previous operations (June 1966). (b) The same eye one month after the insertion ofa KP.

Fig. 3 (a) The appearance ofan eye 2 weeks after KP insertion (July 1966). (b) The same in May 1979. This KP is still
retained in 1982, 16 years after insertion.
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Fig. 4 (a) iT eye i f ( (b) The same at 6 years .

Fig. 4 (a) The eye in Fig. 2 after2 years (October 1968). (b) The same after 6 years (November 1972).

successes, with retention of KP and maintenance of
improved vision: in this series, 1 for 5 years, 1 for 6
years, 2 for 7, 2 for 8, 1 for 9, 1 for 10, I for 14, and 1
with retention and improved vision of 16 years
duration (Fig. 3).

It is difficult to predict which cases will be
successful. Patients thought to have a very poor
prognosis may do well. For example, a patient with

comeal endothelial decompensation after a past
history of congenital cataracts and glaucoma, who
had at least 9 previous operations (see Fig. 2),
retained a KP with good visual acuity for 14 years
(Figs. 4, 5) and died from unrelated causes with the
KP in situ.
A patient who had a history of a perforating injury

and who had previous surgical procedures retained a

Fig. 5 (a) The eye in Figs. 2and4showingcornealmelting with aqueous leakage 10years after KPinsertion (August1976).
(b) Thesame after covering with a buccalmucous membrane graft (December 1976). (c) The same after removing the mucous
membranefrom the optical cylinder ofthe KP (July 1978).
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KP with good vision for 8 years. Another patient with
keratitis following bums in a road accident had 5 KP
insertions in one eye.20 The first was retained for 2
years, the second for one month, the third for 18
months, the fourth for 11 days, and a fifth has now
been retained with good vision for 6 years and is still
in situ. Conversely, patients who are thought to have
a fairly good prognosis may only retain a KP for a
short period.

CONCLUSION
KP surgery is indicated in comeal blindness not
amenable to conventional treatment and in certain
other selected cases. Careful and continued follow-up
is needed, with further surgical procedures often
necessary at short notice. A certain number of long-
term successes can be obtained in conditions which
would otherwise be untreatable.

ADDENDUM
Of the 21 penetrating KP in situ (mean follow up 2-29
years, see Table 10) 10 were lost to later follow up, 8
are still in place, and 3 were retained until death.
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