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Case report: Medical treatment for limbal epithelial stem cell deficiency in patients treated for glaucoma
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Limbal epithelial stem cell deficiency (LSCD) is an abnormal corneal epithelial lesion with several causes. The patient was diagnosed using fluorescein staining. Bullous keratopathy, multiple surgeries, and drug-related damage can cause LSCD in glaucoma patients. We evaluated the medical treatment course for LSCD in patients with glaucoma. We retrospectively reviewed the electronic medical records of patients diagnosed with LSCD and investigated their background, course of treatment, and classification stages of LSCD before and after treatment. The global consensus classification system (stages IA–C, IIA–B, and III) proposed by Deng et al. (Cornea 2020) was used. Seven patients (two males) and eight eyes were studied. The median age of the patients was 82 years, and the mean duration of glaucoma treatment was 8 years. The patients had open-angle glaucoma (four eyes), exfoliation glaucoma (one eye), neovascular glaucoma (one eye), normal tension glaucoma (one eye), and uveitic glaucoma (one eye). Stage classifications at diagnosis were stage IA in four eyes and stages IC, IIA, IIB, and III in one eye each. All treatments were carried out with dry eye drops, steroid eye drops, and antibiotics. The mean duration of treatment was 1.4 years. The classifications at the time of the final visit were normal corneal epithelium (three eyes), stage IA (two eyes), IIA (one eye), and III (two eyes). Three eyes (37%) improved by more than one stage and one eye deteriorated by more than one stage. LSCD is long-lasting and difficult to treat in a short period; thus, it requires careful medical attention.
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1. Introduction

Limbal epithelial stem cells (LSCs) exist in the basal epithelium of the limbus between the transparent cornea and the opaque sclera. The normal limbus and LSCs act as a barrier against invasion of the conjunctival epithelium onto the corneal surface. (1) Most LSCs live in the superior and inferior corneal limbus (niche) called the palisades of Vogt. (2) Damage to the LSCs by many factors leads to LSC deficiency (LSCD), which leads to abnormal instability of the corneal epithelium. LSCD involves the replacement of the normal corneal epithelium with the conjunctival epithelium, recurrent corneal epithelium defects, neovascularization, inflammation, and scaring (1). These problems lead to decreases in visual acuity and ocular discomfort. The representative causes of LSCD are chemical injury, Steve-Johnson’s syndrome, allergic ocular surface diseases, contact lens wear, and chronic lid disease (1). Related causes of glaucoma include multiple surgeries involving the limbus (2), bullous keratopathy (3), mitomycin C (4), 5-fluorouracil (5), and preservertives (6). Recently, glaucoma has become the leading cause of irreversible blindness in the world (7) and the number of newly diagnosed cases is increasing (estimated 111.8 million individuals in 2040) (8). Glaucoma patients will have long-term and multiple uses of anti-glaucoma medications and may have several glaucoma surgeries throughout life due to increased life expectancy, which may increase the incidence of LSCD. Previously, confocal microscopy and impression cytology showed how topical glaucoma medications induced limbal modification due to increased inflammatory responses (9). Confocal microscopy and anterior segment optic coherence tomography showed thinning of the limbal epithelium thickness in patients with glaucoma who used topical glaucoma medications (10, 11). Some reports suggested LSCD was induced by glaucoma surgery (2, 5, 12), repairs with amniotic membrane transplantation, or conjunctival limbal autografts (5). LSCD induced by soft contact lens wear was shown to be resolved by cessation of contact lens wear and topical corticosteroids, artificial tears, and antibiotics (13, 14). However, the effects of medical treatments for LSCD in glaucoma patients remain unknown. In this case series, we present an analysis of eight eyes with LSCD in glaucoma patients who were treated medically.



2. Case description

This retrospective cross-sectional comparative study was approved by the Institutional Review Board of Lanikai Tsukazaki Hospital (IRB No. 221019) and performed in accordance with the tenets of the Declaration of Helsinki. Information from the electronic database of the Department of Ophthalmology, Samika Tsukazaki Hospital, was collected between August 2021 and March 2022. Our electronic medical records for the past 10 years were reviewed according to the diagnosis of “limbal epithelial stem cell deficiency” and “glaucoma.” The inclusion criteria were as follows: (1) minimal follow-up period of 1 month, (2) previous or ongoing treatment for LSCD, (3) existing slit-lamp photography before and after treatment, and (4) use of topical anti-glaucoma medications for more than 1 year. After eliminating two patients (one without clear photography and one who used glaucoma drugs for only 2 months), eight eyes of seven patients with both LSCD and glaucoma treatment were evaluated. We used the latest global consensus classification system for LSCD (1). The classifications were based on the extent of corneal and limbal involvement; that is, whether the visual axis or central 5 mm of the cornea was affected (stages I or II and III) and whether more than 50% of the LSCs were intact (A: <50%, B: ≥50 and < 100%, and C: 100%). In stage III, the entire corneal surface is affected. All the regimens for topical glaucoma medication were carried out by SN, and the various regimen for LSCD was performed by SM or TC. Staging of LSCD using slit lamp photography at both the initial diagnosis and the final visit was performed by SN and SM. The patient backgrounds are shown in Table 1. Among the eight eyes of seven patients, the median age of the two male patients was 82 years (range: 70–87 years), and the median duration of glaucoma medical treatment was 8 years (range: 6–15 years). The glaucoma types were primary open-angle glaucoma (four eyes), exfoliation glaucoma (one eye), normal tension glaucoma (one eye), neovascular glaucoma (one eye), and uveitic glaucoma (one eye). Only two eyes had previously undergone glaucoma surgery. The LSCD classifications at the initial diagnosis and the final visit are shown in Table 2 and Figure 1 (upper panel and lower panel, respectively). The median treatment duration for LSCD was 1.4 years (range: 0.75–2 years). Treatment regimens mostly consisted of topical dry eye drops, low-concentrate corticosteroids, topical antibiotics, and ointment. The frequency of topical eye drops and ointments use depended on the LSCD situation. At the initial diagnosis of LSCD, the number of eyes in each stage was IA (four eyes), IC (one eye), IIA (one eye), IIB (one eye), and III (one eye). At the final visit, the number of eyes in each stage was as follows:0, normal corneal epithelium (three eyes); IA (two eyes); IIA (one eye); and III (two eyes). Three eyes (37%) showed more than one category of improvement, and one eye (12%) showed aggravation in more than one category (Figure 2). Visual acuity (logomark) did not improve significantly after treatment (p = 0.828, paired t-test). Written informed consent was obtained from the individuals for the publication of any potentially identifiable images or data included in this article.



TABLE 1 Patient backgrounds.
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TABLE 2 Changes of stages in limbal epithelial stem cells deficiency with treatment and the treatment regime.
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FIGURE 1
 Slit lamp photography of limbal epithelial stem cell deficiency (LSCD) at the initial diagnosis and final visit. Upper panel shows LSCD photography at the initial diagnosis. Lower panel shows LSCD photography at the final visit.
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FIGURE 2
 Staging of LSCD1 and changes in staging after treatment. The green arrow shows the improvement (↑) in the stage with the case number. The purple arrow indicates the aggravation (↓) of the stage with the number of cases. No change (→) showed with the case number.




3. Discussion

The current study is the first to analyze the medical treatment outcomes of LSCD in patients who had been treated for glaucoma. Our results showed that some eyes improved (37%) and only one eye (12%) worsened despite relatively longer treatment. A previous medical treatment study for LSCD in patients with contact lens wearers was over a mean follow-up of 15 months (range, 4–60 months) (14). All eyes achieved a stable cornea and the function and niche of LSCs or both were reversible (14). Additionally, another study on contact lens-induced LSCD showed that 16 eyes recovered medically, but two eyes needed surgical intervention (13). Contact lens users were relatively younger and were not exposed to the toxicity of topical medications compared to glaucoma patients. Glaucoma medications induce inflammation, dry eye, tear film instability, and meibomian gland dysfunction (15, 16). These medications cannot be stopped because they are required to prevent high intraocular pressure. Therefore, recovery from LSCD in glaucoma patients will be more difficult and will require longer time periods than soft contact lens users who develop LSCD. A total of 63% of the patients in our study maintained the same stage or deteriorated despite medical treatment. In these patients, the function and niche of LSCs or both may become irreversible due to structural changes caused by long-term exposure to drugs. In our cases, two eyes (25%) underwent glaucoma surgery. Case 5, who underwent trabeculectomy with mitomycin C and needling with mitomycin C, was the only patient who experienced worsened LSCD (stage IC to III). This was probably due to 7 years of glaucoma medications, filtering surgery with mitomycin C, and ongoing bullous keratopathy (endothelial cell density 746 cells/mm2), which led to aggregate LSCD. Three eyes [stage IA (two eyes) and stage IIB (one eye)] recovered completely to stage 0 after more than 1 year of treatment. The other four eyes maintained the same stage after 9 months to 2 years of treatment. It is difficult to discontinue glaucoma medications because of the need to prevent glaucoma progression. This affects recovery from the LSCD. Topical antiglaucoma medication was discontinued only in case 7; however, the stage did not change before and after treatment for LSCD. The purpose of medical therapy is to: (1) stop traumatic or toxic insults to the limbus, and (2) optimize the ocular surface environment by improving the tear film, controlling inflammation, and promoting differentiation of the healthy epithelium (14). In the current study, we used corticosteroids in six of eight patients to decrease inflammation. Artificial tear eye drops and 3% diquafosol sodium are also useful for stabilizing the tear film (17). Rebamipide 2% can modify epithelial cell function, improve tear stability, and suppress inflammation (18). Additionally, ofloxacin ointment is useful for tear lipid layer treatment, which contributes to tear stability (19). When medical therapy proves ineffective, which unfortunately happens frequently, surgical intervention should be considered (20). In such cases, a sequential conjunctival epitheliectomy is often performed as the initial procedure. This is followed by the transplantation of lost limbal cells, typically achieved through either a conjunctival limbal autograft or a keratolimbal allograft (20).



4. Conclusion

LSCD is long-lasting and difficult to treat in a short period; thus, it requires careful medical attention.
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LSCD: limbal epithelial stem cells deficiency.
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