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Timing of glaucoma treatment
in patients with MICOF: A
retrospective clinical study
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Li-Qiang Wang1*

1Department of Ophthalmology, The Chinese People’s Liberation Army of China (PLA) General

Hospital, Beijing, China, 2Department of Medical School, Nankai University, Tianjin, China

Purpose: To summarize and discuss the treatment and timing of glaucoma

in patients with MICOF keratoprosthesis implantation to guide follow-up

clinical treatment.

Methods: The data of 39 eyes (39 patients) with the Moscow Eye Microsurgery

Complex in Russia (MICOF) keratoprosthesis implantation in our hospital from

1 January 2002 to 31 December 2017 were collected, including patients

with preexisting glaucoma and those who developed glaucoma de novo after

MICOF. The sex, age, preoperative diagnosis, glaucoma surgery, keratoplasty,

times of keratoplasty, best corrected visual acuity (BCVA) and final follow-up

corrected visual acuity, visual field (VF) defect, and cup-to-disk ratio (CDR)

were statistically analyzed.

Results: Among 16 eyes with preexisting glaucoma, eight eyes underwent

glaucoma surgery before MICOF, 4 eyes underwent glaucoma surgery

combined with MICOF, and four eyes were managed medically. Among 23

eyes with de novo glaucoma, seven eyes were treated with surgery and 16

eyes were treated with medication only. A total of 9 (56.3%) eyes had corneal

transplants with preexisting glaucoma, which was a higher percentage than

that in the patients with de novo glaucoma (n = 5, 21.7%, P = 0.043). In both

the preexisting glaucoma group and the de novo glaucoma group, the most

common causes were alkali burns (56.3% of preexisting glaucoma and 43.5% of

de novo glaucoma). There was no significant di�erence between the operation

and initial visual acuity, postoperative visual acuity, BCVA, CDR, or VF defect. In

the de novo glaucoma group, the final follow-up visual acuity of the glaucoma

surgery group (1.56± 1.07) was worse than that of themediation group (0.44±

0.53) (P < 0.017). Among the complications, the incidence of cornea melting

in the patients treated with medications only (n=10) was significantly higher

than that in the patients treated with glaucoma surgery (n = 0, P = 0.007), but

there was no significant di�erence in the other complications.

Conclusion: Among patients with MICOF, those patients who have undergone

keratoplasty aremore likely to develop glaucoma before surgery and glaucoma

needs to be prevented. Surgical treatment can be selected according to the

ocular surface condition in the patients with de novo glaucoma to reduce the

occurrence of complications.
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Introduction

In some patients with severe corneal pathologies,

such as chemical burns, autoimmune disease, Steven–

Johnsons syndrome, and severe dry eye, amniotic membrane

transplantation or corneal transplantation was mostly used in

the past, but the curative effect was not ideal because of poor

ocular surface conditions or inflammatory reactions caused by

the sutures (1). Although it has been reported that the use of

sutureless amniotic membrane transplantation improves the

efficacy, large studies are still needed (2).

At present, keratoprostheses are developing rapidly, which

provide more opportunities and choices for the abovementioned

patients with severe disease to have their eyesight restored.

There are three common types of keratoprosthesis: the Boston

keratoprosthesis (Boston KPro), osteo-odonto keratoprosthesis

(OOKP), and MICOF keratoprosthesis (developed by the

Moscow Eye Microsurgery Complex in Russia thus, called

MICOF) (3, 4). OOKP uses mucous membranes and alveolar

bone to fix the optical cylinder (5), and the scope of operation

is relatively large. The Boston KPro surgery is less invasive, but

requires a donor cornea for support. However, MICOF does not

require a donor cornea, and the surgical invasiveness is mild (6).

MICOF may have greater application prospects. The gratifying

thing is that MICOF has been clinically tested in our hospital

and has achieved good results.

However, patients with all the types of keratoprostheses are

at risk of glaucoma affecting vision. Preoperative assessment

of glaucoma is affected by the transparency of the cornea,

and the state of the ocular surface after keratoprosthesis

implantation makes intraocular pressure (IOP) monitoring

extremely difficult. Glaucoma is a blinding disease with a high

incidence, so it is important to monitor the patients’ relevant

examination data to assess glaucoma progression and determine

the appropriate glaucoma timing (7, 8).

Currently, the most research on the treatment of

keratoprosthesis glaucoma is with the use of Boston KPro.

Because the structures of keratoprosthesis are different, the

treatment of MICOF glaucoma cannot be simply applied, and

there are few studies on MICOF glaucoma. Our study analyzes

the impact of preoperative diagnosis, and glaucoma surgery on

the prognosis of glaucoma by evaluating the clinical data related

to preexisting and de novo glaucoma in patients with MICOF, to

draw experience for clinical treatment.

Materials and methods

Patients

Thirty-nine eyes of 39 patients were included in this

retrospective study. The data of inpatients with MICOF in

the Chinese PLA General Hospital from 1 January 2002

to 31 December 2017 were collected. All the patients

underwent MICOF implantation, a two-stage surgery, which

includes inserting a titanium frame and screwing a polymethyl

methacrylate (PMMA) optical cylinder. All the surgeries were

performed by two experienced surgeons. When there were no

complications, the patients had the same medication regimen

after the operation. All the patients had glaucoma. The studies

involving human participants were reviewed and approved by.

The study adhered to the tenets of the Declaration of Helsinki

and was approved by the Chinese PLA General Hospital.

Definitions and data collection

For statistical research, the glaucoma patients with MICOF

were divided into two groups: preexisting glaucoma and de novo

glaucoma. The diagnosis of preexisting glaucoma was based

on IOP and a history of glaucoma before MICOF. De novo

glaucoma was diagnosed by an experienced physician according

to IOP, VF defect, and CDR after MICOF.

The sex, age, preoperative diagnosis, glaucoma, glaucoma

surgery, keratoplasty, times of keratoplasty, preoperative BCVA,

postoperative BCVA and final follow-up corrected visual acuity,

VF progress, and CDR were statistically analyzed.

Intraocular pressure can be measured by iCare before

MICOF. Due to the existence of an optical cylinder, the IOP can

only be estimated by experienced physicians pressing the eyeball

with their fingers, which was objective. All the patients had poor

visual acuity beforeMICOF and could not be examined by visual

field examination. If the postoperative BCVA was higher than

1.0 logarithm of the minimum angle of resolution (logMAR),

it was feasible to detect VF. Significant widening of the VF

defect or a decrease in the visual field index (VFI) was defined

as VF progression. Due to opaque optical media presence in

those patients before MICOF, optical coherence tomography

(OCT) examination of CDR could not be performed, so only the

postoperative OCT data were counted.

According to the data, the preoperative diagnoses

included acid burn, alkali burn, thermal burn, explosion

injury, autoimmune disease, glaucoma, and keratoconus.

Glaucoma surgery is divided into: cyclocryotherapy, endoscopic

cyclophotocoagulation, transscleral cyclophotocoagulation,

trabeculectomy, and glaucoma drainage device implantation.

According to the literature, BCVA was converted into logMAR:

0.1 = 1.0 logMAR, no light perception = 3.0 logMAR, light

perception = 2.3 logMAR, hand motion = 2.0 logMAR, and

counting fingers= 1.7 logMAR (9).

Statistical analysis

Data were analyzed using the SPSS software version 22.0.

The t-test or the Mann–Whitney U-test was used to compare
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the differences in continuous variables between the two groups,

and Pearson’s chi-square tests or Fisher’s exact tests were used

to evaluate the differences in the classified variables between

the groups. GraphPad Prism version 8 was used to analyze the

statistical results.

Results

General data of patients

The data showed that 39 eyes (39 patients) had glaucoma,

including 33 eyes (84.6%) of males and six eyes (15.4%). of

females. The average age of the patients was 48.21 ± 13.33 years

old. The follow-up time was 69.38 ± 50.22 months, and the

median follow-up time was 62 months.

Comparison of related data between
preexisting glaucoma and de novo

glaucoma

Table 1 shows the comparison of sex, eye type, age,

preoperative diagnosis, keratoplasty, and postoperative

complications between the preexisting glaucoma (n = 16) and

de novo glaucoma after MICOF (n = 23) (Table 1). The related

data of the patients in the two groups were similar. The most

common preoperative diagnosis was alkali burns (56.3% of

preexisting glaucoma and 43.5% of de novo glaucoma). The

proportion of the eyes with preexisting glaucoma treated with

keratoplasty (56.3%) was higher than that of the eye with de

novo glaucoma (21.7%, P < 0.05).

Comparison of glaucoma surgery

According to the data, the patients were divided into

the preexisting glaucoma group and the de novo glaucoma

group. Then, the patients with preexisting glaucoma were

divided into the preoperative glaucoma operation group (n =

8), the intraoperative glaucoma surgery group (n = 4), and

the medication group (n = 4). The patients with de novo

glaucoma were divided into the glaucoma surgery group (n =

7) and the medication group (n = 16). Among the preexisting

glaucoma group, eight eyes underwent glaucoma surgery before

the operation, including cyclocryotherapy (n = 3, 37.5%),

endoscopic cyclophotocoagulation (n = 1, 12.5%), transscleral

cyclophotocoagulation (n = 1, 12.5%), trabeculectomy (n = 1,

12.5%), glaucoma drainage device implantation (n = 1, 12.5%),

and trabeculectomy combined with glaucoma drainage device

implantation (n = 1, 12.5%). A total of 4 eyes underwent

glaucoma surgery during MICOF surgery, cyclocryotherapy

in 2 eyes (50%), endoscopic cyclophotocoagulation in 1 eye

(25%), and cyclocryotherapy combined with glaucoma drainage

device implantation in 1 eye (25%). A total of four eyes were

treated with medication only. Among the patients with de novo

glaucoma, seven eyes underwent glaucoma surgery, including

endoscopic cyclophotocoagulation (n=5, 71.4%), transscleral

cyclophotocoagulation (n = 1, 14.2%), and cyclocryotherapy

combined with glaucoma drainage device implantation (n = 1,

14.2%). A total of 16 eyes were treated with medication only

(Table 2).

Comparison of the glaucoma surgery
group and the medication group

The study compared the effects of glaucoma surgery and

medication on visual acuity (initial BCVA, postoperative BCVA,

best BCVA, and final BCVA), CDR (per year), visual field loss,

and complications. There was little difference in the initial

BCVA, postoperative BCVA, and best BCVA, but in the de novo

glaucoma group, the final BCVA in the glaucoma surgery group

(1.56± 1.07) was worse than that in the medication group (0.44

± 0.53) (P = 0.017). There was no significant difference in CDR

or visual field loss. Regarding complications, the incidence of

cornea melting in the eyes with de novo glaucoma treated with

medication only (n = 10) was significantly higher than that in

the eyes with glaucoma surgery (n = 0) (P = 0.007). There was

no significant difference in the incidence of other complications

(Table 3).

E�ect of glaucoma surgery on visual field
loss

The Kaplan–Meier survival curve was used to analyze the

loss of the VF in the glaucoma surgery pre, during, or after

MICOF, and the medication only group (Figure 1).

Discussion

In recent years, the research and clinical application of

keratoprosthesis have become increasingly widespread, which

brings hope for the recovery of vision for patients with severe

ocular surface diseases. However, glaucoma, like an invisible

killer, quietly affects the vision of patients. Studies have shown

that before keratoprosthesis implantation, the prevalence of

glaucoma is 36–76%, and 8–75% of eyes develop new glaucoma

after surgery (10, 11). In the patients with severe ocular surface

diseases, such as chemical burns, autoimmune keratopathy,

severe dry eyes, and repeated keratoplasty failures, the

transparency of the corneal conjunctiva is reduced, which makes

the evaluation of glaucoma difficult. After keratoprosthesis in

these patients, IOPmonitoring becomes very difficult because of
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TABLE 1 Comparison of related data between preexisting glaucoma and de novo glaucoma.

Preexisting glaucoma De novo glaucoma P-value

n = 16 n = 23

Male gender 14 (87.5%) 19 (82.6%) 1

Right operated eye 8 (50%) 7 (30.4%) 0.182

Age, years 45.75± 12.13 49.91± 14.12 0.344

Preoperative diagnosis

Alkali burn 9 (56.3%) 10 (43.5%) 0.523

Acid burn 2 (12.5%) 2 (8.7%) 1

Thermal burn 1 (6.3%) 4 (17.4%) 0.631

Explosion burn 1 (6.3%) 3 (13.0%) 0.638

Autoimmune disease 1 (6.3%) 4 (17.4%) 0.631

Glaucoma 1 (6.3%) 0 0.41

Keratoconus 1 (6.3%) 0 0.41

Keratoplasty 9 (56.3%) 5 (21.7%) 0.043

Number of keratoplasty 0.81± 0.911 0.45± 0.963 0.255

Initial BCVA 2.23± 0.13 2.14± 0.18 0.139

Postoperative BCVA 0.76± 0.61 0.63± 0.52 0.412

Best BCVA 0.43± 0.58 0.17± 0.20 0.107

Final BCVA 1.03± 1.00 0.78± 0.88 0.374

Complications

Cornea melting 2 10 0.076

Overgrowth of the surface mucosa 3 5 1

Retroprosthetic membrane 1 1 1

Infective endophthalmitis 2 2 1

Aseptic endophthalmitis 1 1 1

Macular edema 0 3 0.255

Retinal detachment 0 1 1

The meaning of the bold+ italic values is that the difference is statistically significant.

the uniqueness of the optical cylinder. Therefore, the prevention

and treatment of glaucoma are particularly important to

maintain the vision of patients with keratoprosthesis. According

to our previous study (12), 17 of 91 patients with MICOF

had preexisting glaucoma. Among them, 7 patients developed

glaucoma after MICOF, and 16 patients had de novo glaucoma

after MICOF, which threatened their vision. However, most of

the studies are Boston KPro currently. There are few studies on

glaucoma in patients with MICOF. Due to the different types

and structures of corneal prostheses, the results of other types

of KPro cannot be simply applied to patients with MICOF.

Therefore, this study used the statistics of patients with MICOF,

to explore the timing of glaucoma treatment.

In this study, alkali burns were the most common

preoperative diagnosis of glaucoma. Chemical burns, especially

alkali burns, are well indications for keratoprosthesis. After

keratoprosthesis implantation, patients with alkali burns can

obtain better vision in a short time, but the maintenance of

vision will be a challenge. Because of its strong penetration

ability, alkaline substances can not only damage the ocular

surface, but also cause the destruction of intraocular structure

and inflammation, which increase the incidence of glaucoma,

even if the retina and optic nerve look normal temporarily.

However, the retina ganglion cell layer may have been destroyed

(13, 14), making it extremely sensitive to IOP, and the loss of

vision can be caused without excessive IOP (15). In addition,

this study found that the proportion of patients with preexisting

glaucoma with previous keratoplasty was higher than that in the

patients with de novo glaucoma after MICOF, and the difference

was statistically significant. Abnormalities in the intraocular

structure may be aggravated during keratoplasty (16), and the

use of dexamethasone after keratoplasty is also a risk factor

for glaucoma (17). Therefore, attention should be given to

the evaluation of glaucoma in patients with alkali burns and

previous keratoplasty.

To accurately evaluate the treatment and timing of

glaucoma, the patients with preexisting glaucoma were divided

into three groups: the glaucoma surgery pre-MICOF group, the

glaucoma surgery during MICOF group, and the medication

only group. The patients with de novo glaucoma were

divided into the glaucoma surgery after MICOF group and

the medication only group. In this study, the patients with
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TABLE 2 Treatment of the preexisting glaucoma and de novo glaucoma.

Preexisting glaucoma (n = 16) De novo glaucoma (n = 23)

Glaucoma

surgery pre-

MICOF (n = 8)

Glaucoma

surgery during

MICOF (n = 4)

Medication

only (n = 4)

Glaucoma

surgery after

MICOF (n = 7)

Medication

only (n = 16)

Glaucoma surgery

Cyclocryotherapy 3 (37.5%) 2 (50%)

Endoscopic

cyclophotocoagulation

1 (12.5%) 1 (25%) 5 (71.4%)

Transscleral

cyclophotocoagulation

1 (12.5%) 1 (14.2%)

Trabeculectomy 1 (12.5%)

Glaucoma drainage

devices implantation

1 (12.5%)

Trabeculectomy

combined with

glaucoma Drainage

devices implantation

1 (12.5%)

Cyclocryotherapy

combined with

glaucoma drainage

devices implantation

1 (25%) 1 (14.2%)

preexisting glaucoma were not treated with glaucoma surgery

after MICOF. Among the patients with preexisting glaucoma,

there was no significant difference in the postoperative BCVA,

best BCVA, or final BCVA between the operation group and the

medication group, which may indicate that there was previous

nerve loss in the patients with glaucoma. As long as IOP can be

maintained, surgery has no effect on glaucoma. In the patients

with de novo glaucoma, the final BCVA in the surgery group

was worse than that in the medication group, which may be

because the degree of glaucoma in the patients requiring surgical

treatment was already more severe than that in the patients

treated with drugs. In the study of Boston KPro by Dominique

(18), it was found that the eyes with glaucoma surgery after KPro

progressed faster than the eyes with glaucoma surgery pre-KPro

or medication in the patients with preexisting glaucoma, and the

complications did not increase. Therefore, it is recommended to

combine glaucoma drainage device implantation during KPro.

In this study, regardless of preexisting or de novo glaucoma,

ciliary body destruction was often used because the eye surface

state of patients with MICOF is generally very poor, and the

conjunctival condition is not good. Shunt surgery may not have

a good effect (19).

Because of the difficulty of IOP measurement in patients

with keratoprosthesis, it can only be measured artificially, and

there is certain subjectivity. When the refractive stroma is

transparent, glaucoma progression can be evaluated by optic

disk OCT or visual field progression monitoring. In this study,

there was no significant difference in the change in CDR or the

progression of the visual field between the preexisting glaucoma

group and the de novo glaucoma group, the glaucoma surgery

group and the medication group. This is consistent with the

study of Boston KPro by Dominique (18). Silva (20) found that

the narrowing of the temporal chamber angle has diagnostic

significance for the progression of Boston KPro glaucoma

through anterior segment OCT, but this is based on the premise

that the chamber angle imaging is clear.

Regarding complications, the incidence of cornea melting

in the medication treatment group was significantly higher

than that in the glaucoma surgery group. In terms of the

process of operation, the aim for the implantation of MICOF

is to make a lamellar cornea pocket to place the titanium

frame, and a PMMA optical cylinder was screwed into the

frame, the donor cornea which is thin compared to the cornea

covered by Boston KPro (21). When the IOP is high, the

autologous tissue nutrition is poor, and the pressure of the

optical cylinder and frame on the outer corneal tissue increases,

which increases the incidence of cornea melting. In addition,

persistent inflammation of the ocular surface can also lead to

cornea melting (22). Although the follow-up visual acuity in the

glaucoma surgery group was worse than that in the medication
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TABLE 3 Comparison of the glaucoma surgery group and the medication group.

Preexisting glaucoma De novo glaucoma

Glaucoma

surgery pre or

duringMICOF

(n = 12)

Medication

only (n = 4)

P-value Glaucoma

surgery after

MICOF (n = 7)

Medication

only (n = 16)

P-value

Initial BCVA 2.23± 0.14 2.23± 0.15 1 2.13± 0.24 2.15± 0.15 1

Postoperative BCVA 0.85± 0.66 0.50± 0.43 0.299 0.53± 0.45 0.67± 0.55 0.437

Best BCVA 0.49± 0.64 0.25± 0.38 0.389 0.27± 0.23 0.13± 0.17 0.1

Final BCVA 1.09± 0.87 0.83± 1.46 0.161 1.56± 1.07 0.44± 0.53 0.017

CDR change/year 0.119± 0.103 0.069± 0.089 0.18 0.150± 0.135 0.096± 0.111 0.151

Visual field loss 4 (33.3%) 1 (25%) 1 5 (71.4%) 4 (25%) 0.066

Complications

Cornea melting 1 1 0.45 0 10 0.007

Overgrowth of the surface

mucosa

3 0 0.529 2 3 0.621

Retroprosthetic membrane 0 1 0.25 0 1 1

Infective endophthalmitis 1 1 0.45 0 2 1

Aseptic endophthalmitis 1 0 1 0 1 1

Macular edema 0 0 1 2 1

Retinal detachment 0 0 1 0 0.304

The meaning of the bold+ italic values is that the difference is statistically significant.

FIGURE 1

The Kaplan–Meier survival curve for visual field loss to compare the timing of glaucoma surgery and medication.
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group, it was observed, by generating the Kaplan–Meier survival

curve, that the visual field of early drug treatment and glaucoma

surgery after MICOF was slow, according to whether the VF

progressed. However, in the long run, there was persistent visual

field loss in the medication only group, and the drugs that

are ocularly applied may not be absorbed well due to ocular

surface scarring.

Conclusion

According to our study, patients with MICOF who have

undergone keratoplasty are more likely to develop glaucoma,

and the focus should be on the prevention and treatment.

De novo glaucoma can be treated by surgery according to

the ocular surface condition to reduce the incidence of

complications. However, the number of patients included in this

study was small, and more clinical data need to be collected

for research.
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