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ABSTRACT | Purpose: To evaluate the long-term outcomes of
Boston type | keratoprosthesis (B-Kpro) in the management of
patients with ocular burn injuries. Methods: This prospective
study included all patients with ocular burns who underwent
B-Kpro implantation at a tertiary eye care center between
February 2008 and November 2015. Twelve patients (12 eyes)
were enrolled. The procedures performed for managing ocular
injury were identified, and information on ocular history,
surgical procedures performed, and postoperative outcomes
was collected. The main outcome measures were visual acuity,
prosthesis retention, postoperative complications, and required
surgical procedures. Results: Twelve eyes from 12 patients
met the inclusion criteria for B-Kpro implantation, including
nine eyes with alkali burns and three eyes with thermal burns.
A total of 13 B-Kpro devices were implanted in the 12 eyes.
The mean follow-up period was 60.8 months (range, 13-91
months). Preoperative best-corrected visual acuity ranged
from counting fingers to light perception. Postoperative
best-corrected visual acuity was better than 20/200 in 83.3%,
66.6%, and 57.1% of patients at 12, 48, and 60 months,
respectively. The initial keratoprosthesis was retained in 10
(83.3%) eyes and was successfully replaced in one eye. The
major cause of worsening of initial visual acuity was advanced
glaucoma (four of 12 eyes). Conclusion: The anatomical and
functional results support the use of B-Kpro for managing
bilateral limbal stem cell deficiency secondary to ocular burns.
However, glaucoma should be carefully evaluated, as it is a
continuous threat that may result in irreversible visual loss in
this population.
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RESUMO | Obijetivo: Avaliar os resultados em longo prazo
do implante da ceratoprétese de Boston tipo 1 (B-Kpro) no
tratamento de pacientes vitima de queimadura ocular. Mé-
todos: Trata-se de um estudo prospectivo envolvendo todos
os casos de implante de B-Kpro 1 para queimadura ocular
em um centro de oftalmologia terciario durante o perfodo
de fevereiro/2008 e novembro/2015. Doze pacientes (doze
olhos) foram incluidos no estudo. Os procedimentos realizados
para o manejo da queimadura ocular foram identificados, e os
dados foram coletados com relagao a histéria oftalmolégica do
paciente, procedimentos cirtrgicos realizados, e resultados
pés-operatérios. Os principais pardmetros avaliados foram
acuidade visual, retencdo da prétese, complica¢des pds-ope-
ratérias e intervengdes cirdrgicas necessarias. Resultados:
Doze pacientes preencheram os critérios de inclusdo para
implante da B-Kpro, incluindo 09 olhos vitimas de queima-
dura por élcali e 03 olhos pés queimadura térmica. Um total
de 13 B-Kpro tipo 1 foram implantadas em 12 olhos de 12
pacientes. O tempo de seguimento médio foi de 60,8 meses
(variando, 13-91 meses). Melhor acuidade visual corrigida
pré-operatéria variou de conta dedos a percepcao luminosa.
Melhor acuidade visual corrigida pés-operatéria foi melhor
que 20/200 em 83,3%, 66,6% € 57,1% dos pacientes em 12
meses, 48 meses e 60 meses, respectivamente. A ceratoprétese
inicialmente implantada permaneceu retida em 10 (83,3%)
dos olhos e foi re-implantada com sucesso em um olho. A
principal causa de piora da acuidade visual inicialmente
atingida foi glaucoma avangado (4 de 12 olhos). Conclusao:
Os resultados anatdmicos e funcionais reportados neste
estudo ddo suporte ao uso da B-Kpro para o tratamento da
deficiéncia limbica bilateral secundaria a queimadura ocular.
Glaucoma ¢é o principal fator limitante e pode causar perda
visual irreversivel nesses pacientes.

Descritores: Queimaduras quimicas; Traumatismos oculares;
Queimaduras oculares; Cérnea/cirurgia; Glaucoma; Implante de
prétese
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INTRODUCTION

Boston type 1 keratoprosthesis (B-Kpro) has been
shown to be a viable option for visual rehabilitation
in eyes with a poor prognosis for primary or repeated
keratoplasty after chemical and thermal eye injuries"-*.
However, the maintenance of useful vision after kera-
toprosthesis surgery is challenging owing to some pos-
toperative adverse events, especially events related to
glaucoma and recurrent epithelial defects that can cause
corneal sterile necrosis and B-Kpro extrusion“”.

Some previous B-Kpro case reports involving ter-
tiary eye care services demonstrated significant visual
acuity improvements in ocular injury patients at mean
follow-up periods of 25.7%, 35@, and 40.7® months.
However, the mean follow-up periods in these reports
were relatively short, and thus, long-term visual outcomes
and prognosis could not be assessed. These kinds of
ocular injuries have been reported to more frequently
affect young men of working age®.

The purpose of this study was to evaluate the long-term
outcomes of B-Kpro in the treatment of patients with
severe chemical and thermal ocular burns.

METHODS

This prospective study was conducted at the External
Diseases and Cornea Service of the Federal University of
Sao Paulo. After obtaining approval from the institution’s
Investigational Review Board, 12 patients (12 eyes) with
a previous diagnosis of ocular burns were enrolled in
this study between February 2008 and November 2015.
The short-term outcomes of 10 of the 12 patients had
been described previously®. Informed consent was
obtained from all subjects, and the study was performed
according to the tenets of the Declaration of Helsinki.

The patients had bilateral severe corneal opacifica-
tion due to ocular burns with prior ocular surface re-
construction as needed (correction of lid deformities,
symblepharon, and trichiasis, and limbal stem cell trans-
plantation). Of the 12 patients, nine were previously
diagnosed with alkali burns and three had thermal burns
(two had burns associated with hot oil and one had
burns associated with hot plastic). The exclusion criteria
were patients aged less than 18 years or those with per-
sistent epithelial defects, end-stage glaucoma, or retinal
detachment. Individuals with preserved vision in one eye
were also excluded from this study.

All B-Kpro procedures were performed by a single ex-
perienced corneal surgeon (L.A.O). B-Kpro with a back
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plate made of polymethylmethacrylate (PMMA) was
implanted in all patients. A preoperative Schirmer’s test
was performed in all patients at baseline. Patients were
examined one day and one week after surgery and then
every month after surgery during the first six follow-up
months. Visual acuity, slit-lamp examination, fundoscopy,
and intraocular pressure (by digital palpation) measure-
ments were performed at each visit. Regular visual field
findings and retinography data were obtained from all
patients, when transparency allowed, and data regarding
complications were recorded.

Surgical technique

The B-Kpro device was placed according to a previously
reported technique®, using a donor corneal button over-
sized by 0.5 mm. To improve B-Kpro centration, the
standard technique was slightly modified. In the modi-
fied approach, 3-mm central trephination was performed
before the use of the outer diameter punch in order to
minimize descentration?.

Postoperative management

Postoperative care included the use of a disposable
soft contact lens over the keratoprosthesis for an indefini-
te time in all patients. The lens was replaced every two
months. Additionally, a prophylactic regimen of daily to-
pical 0.5% moxifloxacin (one drop thrice a day) and 5%
povidone-iodine at every regular visit (one drop every
two months) was introduced. Topical prednisolone acetate
(1% suspension) eye drops were prescribed according to
the severity of the inflammation and were tapered until
discontinuation. Serial optic nerve head photographs
and visual field tests were performed in all patients, when
transparency allowed.

Outcome measures

The main outcome measures were visual acuity outco-
mes, device retention, and postoperative complications.
The collected and analyzed data were based on in situ
maintenance of the initial prosthesis.

Statistical analysis

Kaplan-Meier survival analysis was performed to eva-
luate the anatomical retention of the device. The mean
visual acuity was compared between baseline and
follow-up at 3, 6, 12, 18, 24, 30, 36, 48, and 60 months
postoperatively using the Wilcoxon test. Categorical
data were compared using Fisher’s exact test. Analyses
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were performed using Stata version 10 (Stata Corp.,
College Park, TX, USA). A p-value <0.05 was considered
statistically significant.

RESULTS

A total of 13 B-Kpro devices were implanted in 12 eyes
of 12 patients (11 male patients and one female patient).
The mean patient age was 41.4 years (range, 27-58
years). One patient underwent a second implantation
after keratoprosthesis extrusion secondary to extensive
corneal melting. The mean follow-up period was 60.8
months (range, 13-91 months). The primary causes of
ocular burns were alkali (nine patients) and thermal in-
juries (three patients). Preoperative visual acuity ranged
from counting fingers to light perception. The initial
keratoprosthesis was retained in 10 (83.3%) eyes and was
successfully replaced in one eye.

Previous ocular surgery

Among the study patients, five underwent limbal stem
cell transplantation (LSCT), one underwent oral mucous
membrane grafting (OMMG) for symblepharon correc-
tion, and two underwent both procedures. The stem
cells for transplantation were generated from HLA-com-
patible living related donors in six eyes. In one patient,
autologous stem cells were generated and expanded
ex vivo using an amniotic membrane. LSCT procedures
were performed at least three years before keratopros-
thesis implantation. No patient was on an immunosup-
pression regimen at the time of B-Kpro surgery. Nine
eyes had previously failed penetrating keratoplasties.

Intraoperative variables

Of the 12 patients, seven received a pseudophakic
B-Kpro and five received an aphakic B-Kpro. The recipient
and donor trephine sizes were 8.5 and 9.0 mm, respec-
tively, in all patients. Concomitant procedures included
cataract extraction with intraocular lens implantation
in one case, cataract extraction without intraocular lens
implantation in two cases, tarsorrhaphy in two cases,
and tube shunt implantation associated with pars plana
vitrectomy in one case.

Visual acuity variables

Final postoperative vision showed improvement when
compared to preoperative vision in eight of the 12 eyes.
It was unchanged in three eyes (secondary to advanced
glaucoma) and worsened in one eye. In the patient who

showed vision worsening, vision was light perception
at baseline, and it did not improve owing to end-stage
glaucoma and eventually evolved to no light perception
after B-Kpro extrusion. Additionally, end-stage glaucoma
could not be diagnosed before B-Kpro implantation
owing to an opaque cornea in the preoperative period.
All patients were followed for at least one year, and at
this time point, 10 eyes (83.3%) achieved a best-cor-
rected visual acuity of 20/200 or better, with five eyes
(41.7%) showing vision of 20/60 or better.

Of the 12 eyes, nine were followed up for 48 months
postoperatively (Figure 1), and at this time point, six
of the nine eyes (66.7%) had visual acuity better than
20/200 (p=0.0018). Seven patients were followed for
at least 60 months, and at this time point, four of the
seven eyes (57.1%) had visual acuity of 20/200 or better
(p=0.05).

The anatomical retention rate of the initial kerato-
prosthesis was 83.3% (10/12) at 72 months of follow-up
(Figure 2). One patient developed extensive sterile
corneal melting with B-Kpro extrusion at one year of
follow-up, and this patient required keratoprosthesis
replacement.

Glaucoma and keratoprosthesis

Considering that all patients had opaque ocular media
at baseline, the suspicion of preoperative glaucoma
was based on the ocular ultrasound findings of a sug-
gestive increase in the cup-disk ratio and an elevation
in the intraocular pressure (I0P) estimated by digital
palpation. Preoperatively, seven eyes (58.3%) were
suspicious for glaucoma. One patient underwent
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Figure 1. Box-plot showing median visual acuity over a 48-month
follow-up period.
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Kaplan-Meier survival curve
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Figure 2. Kaplan-Meier survival curve.

transscleral Nd:yttrium-aluminum-garnet (YAG) cyclo-
photocoagulation before B-Kpro implantation, and
two eyes had prior tube shunt implantation. Only one
patient underwent concomitant B-Kpro and tube shunt
implantation. After B-Kpro implantation, an elevated
IOP was present in seven of the 12 eyes (58.3%), and
topical hypotensive drugs were prescribed. Of the seven
patients suspected with glaucoma preoperatively, six
were confirmed to have glaucoma after the procedure
and three (50%) showed glaucoma progression. These
three patients presented cupping of the optic disc du-
ring the follow-up period. Two eyes with no suspicion
of glaucoma before B-Kpro implantation developed a
high 1OP and cupping of the optic disc, which required
glaucoma surgery.

Postoperative complications and management

One of the most common complications was retro-
prosthetic membrane formation, which was noted in
five of the 12 eyes (41.6%). All of these eyes were suc-
cessfully treated with YAG laser membranotomy, and no
patient required surgical membranectomy.

The other complications noted after B-Kpro implan-
tation were persistent corneal epithelial defect (PED)
that evolved to corneal melting (four eyes, 33.3%), cor-
neal thinning with no epithelial defect (one eye, 8.3%),
newly diagnosed glaucoma (two eyes, 16.7%), and glau-
coma progression (three eyes out of six, 50%). One patient
(8.3%) experienced retinal detachment, and one patient
(8.3%) showed infectious keratitis. There was no patient
with endophthalmitis.
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The other procedures performed after initial B-Kpro
implantation were keratoprosthesis replacement (one
eye, 8.3%), corneal patch grafting as the first treatment
in the same eye that underwent B-Kpro extrusion (one
eye, 8.3%), amniotic membrane transplantation (one
eye, 8.3%), cyanoacrylate glue use for corneal thinning/
melting (three eyes, 25%), pars plana vitrectomy for
retinal detachment (one eye, 8.33%), and tube shunt
implantation (one eye, 8.3%).

The mean baseline Schirmer’s test value was 15.3 +
9.6 mm (range, 4-30 mm). The four eyes that developed
corneal melting had a mean baseline Schirmer’s test
value of 10.0 + 6.9 mm, while the remaining eight eyes
that did not develop this complication had a mean va-
lue of 17.8 + 9.9 (p=0.169). Among eight patients who
underwent ocular surface procedures, such as limbal trans-
plantation, prior to B-Kpro implantation, four patients
developed corneal melting. None of the four patients
who had no procedures for ocular surface reconstruction
showed corneal melting (p=0.208).

DISCUSSION

This study confirmed that B-Kpro implantation is a
valid option for visual rehabilitation in patients with a
severely damaged ocular surface secondary to ocular
burns, and this finding is in agreement with findings
of relevant studies®*”%. Most patients experienced an
initially significant visual acuity improvement (83.3% of
patients). However, during follow-up visits, the mainte-
nance of visual acuity better than 20/200 decreased
over time, with 83.3% (p=0.0058), 66.7% (p=0.0018),
and 57.1% (p=0.05%) of patients showing maintenance
at 12, 48, and 60 months, respectively.

A successful procedure may rapidly restore vision in
eyes without prognosis with conventional corneal sur-
gery®'. The finding of this study that maintenance of
initial visual acuity is challenging is consistent with the
findings of previous studies>'®. In this study, newly
diagnosed glaucoma and glaucoma progression were
the major causes of decreased visual acuity over time.

Glaucoma is a potential vision-threatening complica-
tion in patients who have received a keratoprosthesis,
and it presents the greatest challenge after successful
B-Kpro implantation™'%. It has been reported to be
the primary reason for visual acuity loss after B-Kpro
implantation"®. Furthermore, patients with severe che-
mical and thermal injuries intrinsically have a high pre-
valence of glaucoma“”'¥. The management of glaucoma
in these patients is problematic, as there is no accurate
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approach to measure IOP and no standardized protocol
with regard to management'”. In addition, the optic ner-
ves of alkali-injured eyes appear to be more vulnerable
to glaucomatous damage even at normal 10P", as
alkali burns appear to be associated with retinal ganglion
cell apoptosis secondary to inflammatory cytokines
that are induced by anterior segment injury®®. It has
been postulated that patients with glaucoma before
B-Kpro implantation should be considered for glaucoma
surgery before B-Kpro implantation or simultaneously
with implantation®”. Additionally, in previous studies,
a high number of eyes with disc pallor after B-Kpro im-
plantation suggested that additional mechanisms other
than elevated IOP might play a role in the type of optic
neuropathy®??. The absence of progressive end-stage
glaucoma cases in the study on aniridia by Rixen et al.?¥
suggested that simultaneous empiric glaucoma shunt
procedures and B-Kpro implantation might improve
outcomes. However, serious complications have been
reported in patients who have undergone B-Kpro im-
plantation with preexisting glaucoma drainage devices,
including hypotony, choroidal detachment, and supra-
choroidal hemorrhage®?.

PED evolving to corneal melting was another signifi-
cant complication, and it was noted in 33% of patients.
Ocular surface complications due to suboptimal limbal
stem cell function associated with incomplete bio-inte-
gration of B-Kpro donor cornea can pose a continuous
threat to the retention of the prosthesis and maintenance
of long-term visual acuity®. Although there is a possi-
bility of sterile corneal ulceration in all indications of
B-Kpro, the risk is greater in eyes with limbal stem cell
dysfunction®. Treatment of ocular surface dysfunction
before B-Kpro implantation is important, and it might be
related to a low rate of corneal melting in ocular burn
patients. We could not identify any statistical correla-
tion between previous procedures for rehabilitating the
ocular surface before B-Kpro surgery and the incidence
of corneal melting (p=0.208), probably because of the
small sample size. Patients who showed corneal thinning/
melting had lower Schirmer’s test values; however, the
finding was not statistically significant (p=0.169).

Postoperative infection is a concern, and it has been
reported to occur in about 3.2-17% of patients®*2°.
Microbial keratitis increases the risk of B-Kpro reten-
tion, and bacterial endophthalmitis is considered as the
greatest vision threat for any type of Kpro, which has
devastating consequences®”. Although the recommen-
ded prophylaxis routine involves the daily use of topical
vancomycin and fluoroquinolone drops®®, the high cost

of topical 1.4% vancomycin and handling difficulties
are barriers for use in Brazil. Thus, we support the use
of topical 0.03% moxifloxacin thrice a day along with
povidone iodine 5% one drop at every visit??, and the
overall infection rate in this series was 8.3%. Consi-
dering B-Kpro in ocular burn patients, Phillips et al.®
reported a high incidence of infectious complications
(44%), although a standard international antibacterial
prophylactic scheme was used for high-risk patients?®,
with topical vancomycin and a fourth-generation fluo-
roquinolone. However, all cases of microbial keratitis/
endophthalmitis in that study occurred before the addi-
tion of quarterly povidone-iodine rinses and the topical
amphotericin B antimicrobial prophylactic regimen.
Retroprosthetic membrane formation is one of the
most common complications, and it has been reported
in 25-65% of patients"'>2%. The etiology of retroprosthetic
membrane is unknown, and some authors from the Bos-
ton type 1 Keratoprosthesis Study Group have suggested
that it is related with inflammatory conditions, such as
infectious keratitis and aniridia, and that chemical burns
might have a protective effect?”. The rate of retroprosthe-
tic membrane formation in our ocular burn patients was
41.6%, which is comparable to the rate reported in pre-
vious studies®?>3%3Y, A retro-backplate membrane identi-
fied on anterior segment optical coherence tomography
(AS-OCT) imaging might be correlated with an increased
risk of sterile keratolysis, possibly because of impedance
of nutritional support from the aqueous humor®?. In the
present study, four of five patients (80%) who developed
a retroprosthetic membrane showed corneal melting.
This observation should be assessed in further studies.
In summary, the anatomical and functional results
in this study indicated the capability of B-Kpro for vi-
sual rehabilitation in patients with thermal or chemical
ocular burns, who have experienced unsuccessful
treatment for vision loss. However, the maintenance of
successfully initial results with B-Kpro implantation re-
mains a challenge. A close and rigorous follow-up with a
multidisciplinary ophthalmologic team should be consi-
dered mandatory to avoid complications that can limit
long-term outcomes, and there should be special focus
on diagnosing and controlling glaucoma, as well as dea-
ling with any sign of corneal sterile necrosis, which is a
major sight-threatening complication in this population.
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