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Introduction

Approximately 85% of patients with thyroid eye disease experience ocular surface symptoms. Although corneal exposure plays a role in inducing inflammatory changes to the ocular surface, multiple studies reveal more complexity to the abnormal tear film composition and parameters in thyroid eye disease patients including those who do not have proptosis or increased corneal exposure. Currently, a majority of cases of thyroid associated dry eye symptoms are given treatments intended for ocular surface disease arising from different etiologies. 





Methods

Medline via Ovid, Cochrane CENTRAL, PubMed, and Google Scholar were systematically searched for articles evaluating the efficacy of treatments for dry eye symptoms in patients with thyroid eye disease. Articles were from all geographic regions and dates ranged from inception until October 2023. 





Results

Seven papers ultimately met inclusion criteria and were included in this review. These papers revealed that multiple topical and non-topical treatment modalities address dry eye symptoms in thyroid eye disease and improve subjective and objective ocular surface parameters. However, due to the few studies that exist and due to disparities in sample size and study design, no overwhelming best practices were identified that could influence clinical practice.





Conclusion

This systematic review identifies the current treatments that exist and highlights the clear unmet need for a large population suffering with dry eye symptoms. Ideally, further well-designed investigations into this area would target topical, non-invasive modalities to develop first line options for thyroid eye disease patients. 
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Introduction

Morbidity from thyroid eye disease stems from localized ocular and orbital inflammation. The pathogenesis involves insulin-like growth factor-1 receptor (IGF-1R) and increased autoantibodies against thyrotropin receptor (TSHr). Upregulated fibroblastic activity due to increased expression of TSHr and IGF-1R in the orbit results in adipogenesis and deposition of glycosaminoglycans within local tissues (1, 2). Resulting dysfunction leads to common manifestations including eyelid retraction (92%), exophthalmos (62%), restrictive extraocular myopathy (43%), ocular pain (30%), increased lacrimation (23%), optic neuropathy (6%) and perhaps most often overlooked, symptoms related to dry eye (3).

Approximately 85% of patients with thyroid eye disease experience ocular surface symptoms (3, 4). Corneal exposure from increased palpebral fissure width induces a hyperosmolar tear film, which triggers an inflammatory cascade of interleukin (IL)-1ß, tumor necrosis factor (TNF-α), and matrix metalloproteinase (MMP)-9, which in turn, damages the ocular surface (5).

According to Gurdal et al., studies indicate worse tear film parameters such as the Ocular Surface Disease Index (OSDI), Schirmer’s test, and Tear Break Up Time (TBUT) in patients with thyroid eye disease when compared to controls “due to ocular surface inflammation rather than accelerated tear film evaporation,” proptosis, and increased corneal exposure (4). There are increased tear film concentrations of cytokines IL1-b, IL-6, IL-8, and TNF-α in patients who have thyroid eye disease without an increased palpebral fissure width (6–8). There are also abnormalities to the tear film composition of patients with Graves’ Ophthalmopathy. Some studies reveal an increased IgA to Lysozyme ratio in 33% of patients and others reveal 28% of patients with an abnormal protein composition (9, 10).

Another component to the pathogenesis of dry eye in thyroid eye disease is lacrimal gland dysfunction. Increased expression of TSH-R within the lacrimal gland leads to dacryoadenitis, which is widely prevalent and commonly underdiagnosed. Ultimately, fibrosis and lacrimal gland dysfunction develop. This, accompanied by incomplete blink and meibomian gland dropout further exacerbates dry eye symptoms (4, 11).

Currently, a majority of cases of thyroid associated dry eye symptoms are treated with treatments intended for ocular surface disease arising from different etiologies. This systematic review aims to examine the efficacy of treatments for dry eye symptoms secondary to thyroid eye disease.





Methods

This systematic review followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guideline. A comprehensive literature search was performed using 4 electronic databases: Medline via Ovid, Cochrane CENTRAL, PubMed, and Google Scholar. The search process included both keyword free text terms and controlled vocabulary (MESH) related to the terms “Graves’ Ophthalmopathy” OR “thyroid eye disease” OR “thyroid associated ophthalmopathy” OR “Graves’ orbitopathy” AND “ocular surface disease” OR “dry eye” OR “dry eye disease” OR “exposure keratopathy” AND “treatment”. The Google Scholar search included the search terms Ocular surface disease|” “dry eye”|“exposure keratopathy”, thyroid eye disease|“Graves’ ophthalmopathy”|“Graves’ orbitopathy”|“thyroid associated ophthalmopathy”|.




Selection criteria

The inclusion criteria included articles from inception until 2023 and no language restriction was applied. Articles describing treatments for dry eye in the setting of thyroid eye disease were considered. The primary outcomes were improvements in subjective and objective scores of the ocular surface after intervention. To ensure thorough review of all relevant papers, acceptable ocular surface changes could be reported on both a subjective scale or an objective standardized scale for ocular surface parameters. Articles from multiple geographic regions were included for review as well as those originally written in a different language and later translated into English. Clinical trials, case-control studies, cohort studies, case reports, case series, and experimental studies were included in this study. Duplicate studies, editorials, commentaries, animal studies, and reviews were excluded.






Results

The search process yielded 948 articles. After removal of 349 duplicates, 599 remained. Title and abstract review were then performed and 542 papers were eliminated due to irrelevance to this study’s objective. The remaining 57 papers underwent a full review of the text, and 7 papers were ultimately selected and included in this review based on the criteria previously established for eligibility (Figure 1).




Figure 1 | The Preferred Reporting Items for Systematic Reviews and Meta-Analyses 2020 flow diagram outlining the literature search and study selection process.



In a study of 42 patients, Altiparmak et al., revealed that 0.05% Cyclosporine A in conjunction with artificial tears improved the scores for Schirmer’s test (p=.001) and the Tear Break Up Time (TBUT) (p<.001) (12). This study included patients being treated for immune-related thyroid eye disease or with radiographic or orbital signs of thyroid eye disease with a Clinical Activity Score (CAS) of less than 4. Comparing the Cyclosporine A treatment group to the group of artificial tears alone, there was no statistically significant difference between groups. The paper suggests the addition of cyclosporine to a regimen of artificial tears is not more advantageous (12). This is in contrast to the study by Gurdal et al., which measured OSDI, Schirmer’s Test and TBUT in 12 patients (24 eyes). Subjects displayed thyroid orbitopathy-related dry eye findings, and the severity of their surface disease required an abnormal Schirmer’s test of less than 10mm in 5 minutes or TBUT less than 10 seconds in both eyes for inclusion (13). The study revealed statistically significant post-treatment improvements in dry eye parameters when compared to baseline measurements when treated with cyclosporine alone as well as improvements in the Ocular Surface Disease Index (p=.001) and TBUT (p=.001) (13). Additionally, there was less apoptosis of conjunctival epithelial cells (p=.008) and fewer mean percentage of cells that stained for MMP9 (p=.005) (13).

Sun et al., compared the efficacy between vitamin A palmitate eye gel and 0.1% sodium hyaluronate eye drops in 80 patients (80 eyes) (14). Patients included in the study were diagnosed as having dry eye syndrome in the setting of moderate to severe thyroid associated ophthalmopathy at the inactive stage. Criteria for moderate to severe determination in this study were undisclosed. Vitamin A palmitate gel statistically significantly improved the TBUT (p<.001) and overall fluorescein staining (p<.001). Although there was an improvement in Schirmer’s test results, it was not statistically significant. Overall, the effective rate of vitamin A palmitate gel treatment was 91.2%. Effective rate was defined as 2mm improvement in Schirmer test or 2 second improvement in TBUT or a 1 point decrease in fluorescein staining (0 to 12 point scale used in this study). In comparison, the 0.1% sodium hyaluronate group showed a statistically significant improvement in the OSDI and amount of fluorescein staining (p=.002). However, the improvements in Schirmer’s testing and TBUT were not statistically significant (p>.05). The overall effective rate of this treatment was 67.7%. Although both groups improved ocular surface parameters, the vitamin A palmitate group was more efficacious in treating ocular surface symptoms related to thyroid eye disease (14).

Topical rebamipide was studied in 20 patients (33 eyes) by Takahashi et al., for its use in reducing superior limbal keratoconjunctivitis (SLK) in thyroid eye disease (15). This study evaluated all patients with thyroid eye disease and SLK and excluded those wearing contact lenses or receiving treatment for TED or dry eye. Results revealed statistically significant reductions in rose bengal staining (both area and density) (p<.001), TBUT (p=.009), and presence of SLK (p<.001), but there was no improvement in Schirmer’s testing (p=.212).

Two studies examined non-topical treatment modalities. Lauer et al., studied the effect of oral montelukast and cetirizine in an open labeled trial with 12 patients (16). A statistically significant improvement was found for subjective measures on a non-standardized patient survey designed for the study of overall tearing (p<.05), overall dryness (p<.05), and overall injection (p<.05). No significant effect on diplopia or proptosis were identified.

Within a group of 15 patients, Xu et al., investigated the effect of high dose methylprednisolone (cumulative 4.5g over 12 weeks) and its effect on ocular surface measures as well as reduction in inflammatory cytokines (17). There were statistically significant reductions (p<0.05) in the OSDI and improved TBUT as well as decreases in the CAS score, lid width, and proptosis. Furthermore, there were significant reductions in IL-1β, IL-6, IL-8, TNF-α, and VEGF. However, no statistically significant change was found with respect to the Schirmer’s test, corneal fluorescein staining, or diplopia.

Two other studies investigated mechanical interventions for dry eye in thyroid eye disease. The case report by Harthan underscored the effect of an increased tear reservoir provided by the mini-scleral lens (18). This resulted in objective improvements in fluorescein staining from 2+ to trace after 3 weeks of wear as well as subjective increases in comfort. Hsu et al., performed lateral tarsoconjunctival flaps in 42 patients and showed statistically significant improvements in OSDI, TBUT, Schirmer’s test, corneal and conjunctival staining scores, and meibomian gland drop out (all p<.01) 3 months postoperatively (19). Additionally, the tear osmolarity and inflammatory markers in the tear fluid (IL-6, IL-8, IL-18 and MCP-1) were significantly improved after the lateral tarsoconjunctival flaps. All studies included may be found in the Supplemental Materials (Table 1
, Table 2, Table 3).





Discussion




Topical treatments

Cyclosporine A, is a commonly used treatment modality for other causes of ocular surface disease (20, 21). Because there are inflammatory components to both surface disease and thyroid eye disease, cyclosporin’s function as a T-cell mediator has been explored as an adjunct for dry eye symptoms in the setting of thyroid eye disease (22). However, strong evidence does not exist to support its position as a first line treatment in the setting of thyroid eye disease, as statistically significant improvement compared to artificial tears was not observed. It is not clear why this differentiation between patient populations exists, as thyroid eye disease patients are understood to have an increased proclivity towards symptoms derived from an inflammatory etiology. Of note, these studies used 0.05% cyclosporine which is available in the United States, Canada, and 33 other countries. However, many different concentrations and formulations exist in Asia, the EU, the UK, Latin America, and Southeast Asia. Further investigation using other formulations or improved study design may aid in elucidating its use in this setting.

As can be expected, vitamin A palmitate gel produced more efficacious changes relative to 0.1% sodium hyaluronate eye drops. This is true for other dry eye patient populations as well. It also serves as a reminder that multiple sources of artificial lubricants should likely be discussed as first line agents for thyroid eye disease patients, in order to optimize treatment rapidly. Unfortunately, this increased relative efficacy of gel remains one of very few evidence-based treatments our review was able to unearth. Nonetheless, this article provides support for prioritizing Vitamin A Palmitate gel in the treatment algorithm as it may provide longer moisture coverage and thus, improve ocular surface symptoms in the setting of increased inflammation or a widened palpebral fissure due to thyroid eye disease (14).

Available in Asia, but not yet approved by the FDA in the United States, topical rebamipide improves superior limbal keratoconjunctivitis as well as ocular surface scores. There is a theoretical advantage conferred by using rebamipide when compared to other topical treatments for dry eye symptoms due to its anti-inflammatory effect and ability to increase mucin production in the cornea and conjunctiva (15). The increase in basal mucin production serves in a manner separate from replacement, which is typically the goal of other interventions. Initial positive results of this review indicate that topical rebamipide may serve as an efficacious early treatment to alleviate dry eye symptoms as a result of thyroid eye disease. However, because of the few studies available, more trials specifically focused on the thyroid eye disease population are needed to confirm the results found in this review.





Non-topical treatments

The antihistaminic effects of oral montelukast and cetirizine on the inflammatory component of patients with thyroid eye disease remains an area of further investigation. Although the study in this review revealed positive relief of symptoms, further investigation could aid in assessing the efficacy of these treatment modalities on their own (16). Partially, this is due to limitations in study design. Future studies should also elucidate if antihistamines may serve as an adjunct to lubricating eye drops given that the side effect profile is generally well-tolerated.

Although IV methylprednisolone may decrease the inflammatory component of the tear film and improve ocular surface disease parameters, it is not a suitable treatment for all patients and is not a recognized first-line treatment in patients whose presentations are limited to ocular surface findings. Adverse side effects not limited to acute psychosis, hyperglycemia, memory impairment, hypertension, and arrhythmias should be considered prior to administration (23). Additionally, topical treatments would likely be administered as first line treatment for mild ocular surface symptoms related to thyroid eye disease (17). This does, however, serve as evidence of surface improvement that may guide treatment for patients who have more severe thyroid eye disease and find little therapeutic benefit with topical treatments. Investigations using topical corticosteroids were not made in this manuscript or otherwise in the reviewed literature.





Mechanical interventions

Scleral contact lenses provide relief and improve the ocular surface in a variety of circumstances ranging from keratoconus to refractory ocular surface disease (24, 25). The positive results found in this review provide insight into an alternative mechanical method of moisture retention and surface protection that is underutilized in the treatment of ocular surface symptoms in thyroid eye disease. Although larger sample sizes and further investigations would be needed to validate its efficacy, initial evidence suggests it may be a useful option for corneal surface rehabilitation.

This review found lateral tarsoconjunctival flap surgery to improve dry eye parameters and decrease inflammatory markers in the tear film, but this surgical option should be reserved for patients suffering from refractory dry eye in thyroid eye disease (19). Less invasive measures focusing on tear film optimization and decreased inflammation should be trialed first, especially in patients with mild to moderate disease. However, this study provides evidence to support the next step in augmenting therapy in patients who are refractory to first line agents.





Implications for research

Since 85% of patients with thyroid eye disease suffer from dry eye symptoms, there is a clear and large at-need population suffering with these symptoms (3, 4). The results of the systematic review highlight the paucity in research and emphasize the need for further investigation. Studies should ideally target topical, non-invasive modalities to further develop first line options for this class of patients.

Despite the fact that ocular surface symptoms present in the majority of thyroid eye disease patients and that these patients can present with evaporative dry eye changes, more research is needed to confirm that dry eye syndrome treatments have similar efficacy in the setting of thyroid eye disease. There are significant compositional and inflammatory changes to the tear film of patients with thyroid eye disease (19). These gaps in our understanding coupled with apparent immunologic complexities represent an unaddressed opportunity for research and need for an improved treatment algorithm based on evidence.

Very few manuscripts comparing common first line treatments for thyroid ophthalmopathy-related dry eye symptoms were identified in the published literature. Additionally, each study presented a limited sample size. None of the identified studies compared thyroid eye disease patients to those with a primary diagnosis of dry eye syndrome. Possible comparisons could include topical agents that include hydroxypropyl guar, cellulose, hyaluronic acid, polyethylene glycol, polyvinyl alcohol, carbomers, autologous serum tears, and lipids such as triglycerides, phospholipids, and castor oil. The development of pertinent treatment algorithms would also benefit from studies which address inflammatory pathways with corticosteroids, cyclosporine, tacrolimus, and tetracyclines. Physical interventions could be studied separately like lid taping, moisture chamber goggles, therapeutic contact lenses, and punctal plugs.

Other non-invasive modalities like intense pulsed therapy (IPL) have demonstrated their therapeutic utility, especially in those with refractory dry eye symptoms (26, 27). Although the mechanism is not fully understood, IPL has been postulated to convert light energy to heat and thrombose unwanted vasculature, decreasing blood flow and delivery of inflammatory mediators (26, 27). These types of therapies show promise given their longer therapeutic duration and positive cumulative effect.

There may be additional value in developing treatment algorithms that discriminate between acute and chronic thyroid eye disease presentations, as distinct phases in thyroid eye disease have been described. This is not seen in dry eye syndrome. Further studies should also be cognizant of occult thyroid eye disease and the mislabeling of patients with dry eye syndrome.





Limitations

The study designs of the papers were not standardized and levels of evidence ranged from case reports to randomized controlled trials. Some treatment groups were combined rather than isolated, which may have influenced outcomes. Many studies featured a small sample size, and patient characteristics for inclusion varied greatly. Although many of the papers utilized similar measurement scales of dry eye severity like the TBUT, OSDI, and Schirmer’s Test, many did not quantitatively include the CAS score or severity of the thyroid eye disease of the patients included in the studies. This discrepancy in baseline severity would likely alter the outcomes of first line treatments, especially in more severe patients. These treatments were generally well tolerated, with the prevailing adverse effects being eye irritation or burning (4). The studies did not mention any significant alteration of outcomes as a result of adverse effects, and given the very few instances, it is possible that adverse effects were underreported.






Conclusion

The aim of this systematic review was to provide information about the efficacy of current treatments for ocular surface symptoms in the setting of thyroid eye disease. To the best of our knowledge, this is the first systematic review that addresses this question and it clearly identified the need for additional investigation into this topic. Many treatment modalities remain uninvestigated, such as punctal plugs, intense pulsed light, radiofrequency, topical corticosteroids, topical NSAIDs, meibomian gland expression or probing, among many others.

As a result, we are unable to identify clear best practices for the treatment of ocular surface symptoms in thyroid eye disease patients. Therefore, no implication can be made to influence clinical practice. Further well-designed prospective studies that isolate treatment regimens and clearly characterize thyroid eye disease presentations, perhaps using clinical activity scores or objective physical exam findings, such as amount of eyelid retraction, are required for optimizing treatment algorithms for thyroid eye disease patients.
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