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Abstract

PURPOSE—To examine the retention rates and efficacy of silicone punctal plugs for the 

treatment of dry eye disease (DED) in patients with ocular graft-versus-host-disease (oGVHD) in 

comparison to dry eye disease due to non-oGVHD etiologies.

METHODS—We reviewed the case-records of 864 consecutive patients with DED who were 

symptomatic despite topical therapy and had silicone punctal plugs placed over an eight-year- 

period at a single academic center. We compared plug retention rates in oGVHD and non-oGVHD 

DED patients using Kaplan-Meier analyses. Furthermore, we analyzed changes in objective ocular 

surface parameters including tear breakup time (TBUT), Schirmer’s test, and corneal fluorescein 

staining (CFS) score in plug-retaining patients at two-, six- and twelve-month follow-up.

RESULTS—Median age of dry eye patients was 58 years, and 606 (70%) of patients were 

women. In the cohort, 264(31%) patients were diagnosed with oGVHD. Plug retention was 

significantly lower in oGVHD-DED patients compared to non-oGVHD-DED patients (p<0.0001). 

We observed significant improvement in CFS scores in plug retaining-oGVHD and non-oGVHD 

DED patients at all time points. Tear break-up time was significantly prolonged at six- and twelve-

months follow-up in non-oGVHD patients, whereas significant change in TBUT in oGVHD 

patients was recorded only at twelve months post plug placement. Schirmer’s score improved 

significantly in plug retaining-non-oGVHD DED patients at six- and twelve-months follow-up, 

however no significant change was observed in Schirmer’s score in oGVHD DED patients.
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CONCLUSIONS—An improvement in ocular surface disease parameters was observed in both 

plug-retaining oGVHD and non-oGVHD DED patients. However, a majority of oGVHD DED 

patients spontaneously lost their punctal plugs within 90 days of placement. Therefore, regular 

follow-up after plug placement is recommended to detect plug loss and ensure adequate disease 

control.
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INTRODUCTION

Dry eye disease (DED) is a multifactorial disorder of the ocular surface caused by tear 

deficiency or excessive tear evaporation, causing damage to the interpalpebral ocular 

surface, and is associated with symptoms of ocular discomfort, irritation and visual 

disturbances.[1,2] The prevalence of dry eye disease in adults varies between 5–50% 

worldwide, and has been associated with multiple risk factors including autoimmune 

disorders like ocular graft-versus- host disease (oGVHD), Sjögren’s syndrome, and 

rheumatoid arthritis.[3–10] The first line management for treatment of DED includes patient 

education, environmental modification, dietary changes, systemic medication changes, 

eyelid hygiene and artificial tears.[11] However, these treatments are often inadequate for 

patients with severe aqueous insufficiency; thus, punctal plugs placement is necessitated for 

natural tear retention. The fact that plugs can provide passive relief (i.e. they are effective 

regardless of patient compliance) and their reversibility makes them an attractive option for 

many patients.[12]

In 1935, WP Beetham first reported the occlusion of the nasolacrimal tract as an effective 

method for conserving ocular surface moisture and improving symptoms caused by lacrimal 

insufficiency.[13] Four decades later, Freeman proposed the blockade of the nasolacrimal 

duct with punctal plugs as an effective and reversible technique for the management of dry 

eye disease.[14] Although punctal plug placement aids in reducing the symptoms of dry eye 

disease, frequent spontaneous plug loss impedes their efficacy. Studies in the literature have 

reported 15–50% rate of plug loss over follow-up periods ranging from two to six months.

[12,15–17]

Allogeneic hematopoietic stem cell transplantation (HSCT) from human leukocyte antigen 

(HLA)- matched donors is a well-established therapy for malignant and benign hematologic 

diseases.[18] Chronic GVHD is a potentially life-threatening complication in patients 

undergoing HSCT.[19–22] Ocular involvement is seen in 40–60% of GVHD patients; 

typically presenting with symptoms associated with dry eye disease including gritty or 

painful eyes, redness or excessive tearing, and in some cases, corneal perforation and vision 

loss.[23–26] In oGVHD, donor-derived immune cells attack the host tissues leading to 

inflammation, proliferation of fibroblasts, and fibrotic changes in the periductal areas of the 

tear glands as well as the associated secretory apparatus.[27–29] This inflammation-

mediated tissue damage typically results in irreversible loss of lacrimal gland function 

leading to reduced tear volume and altered tear composition.[30] Thus, punctal occlusion 
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has become a treatment of choice in the management of oGVHD patients with severe 

aqueous insufficiency.

The objective of this retrospective study was to evaluate the retention rates of silicone 

punctal plugs in 1520 eyes of 864 patients with DED due to oGVHD or non-oGVHD 

etiologies, and analyze their efficacy in improving objective ocular surface parameters.

METHODS

We obtained the approval of the Institutional Review Board and Ethics Committee at 

Massachusetts Eye and Ear for this study. The study was conducted in compliance with the 

Health Insurance Portability and Accountability Act (HIPAA) of 1996 and adhered to the 

tenants of the Declaration of Helsinki. We conducted a retrospective review of clinical charts 

of all patients who underwent punctal plug placement for the treatment of dry eye disease at 

the Cornea Service of Massachusetts Eye and Ear over an eight-year period from January 

2011 to January 2019.

Consecutive patients diagnosed with DED who underwent silicone punctal plug placement 

(Eagle Vision, Inc., Memphis, Tennessee; or Softplug-Oasis Medical, Inc, San Dimas, 

California) were identified from the institutional electronic patient database using 

International Classification of Diseases (ICD) diagnostic codes and current procedural 

terminology (CPT) codes. The documented data included demographic information, medical 

history, ophthalmic history, ocular diagnosis, prescribed medications, initial date of punctal 

plug placement, and the status of punctal plug retention at follow-up. We assessed the 

efficacy of punctal plugs by evaluating the change in objective ocular surface disease 

parameters, including tear breakup time (TBUT, in seconds), Schirmer’s test (in millimeters) 

and corneal fluorescein staining score (CFS, as per the National Eye Institute grading scale) 

at baseline and two-, six- and twelve-months post-punctal plug placement. The patients who 

spontaneously lost their punctal plugs were not included in the data analysis beyond the 

immediate follow-up when the extrusion was detected. The patients who were lost follow-up 

or whose data were not recorded during the follow-up, were also excluded from the data 

analysis.

Both upper and lower puncta were occluded in patients with severe dry eye disease, and 

either lower or upper puncta in milder cases. Punctal plug size was selected by the treating 

ophthalmologist, sometimes using the Coroneo Punctal Gauging system (Eagle Vision, Inc, 

Memphis, Tennessee). Topical anesthetic (0.5% proparacaine; Alcon Inc., Fort Worth, 

Texas) was applied to the punctum using a cotton tipped applicator and the plug was inserted 

under a slit lamp biomicroscope. Proper fitting of the plug was assessed by ensuring that the 

dome of the plug was flush with the lid margin contour. Patients were asked to return for 

follow-up at regular intervals to assess plug retention and record changes in ocular surface 

disease paramters.

STATISTICAL ANALYSES

We performed Kaplan-Meier curve analysis to accurately account for the varying durations 

of follow-up after plug placement using Prism 8 Software for MacOSX v.X.5.3 (GraphPad 
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Software Inc., La Jolla, CA). For this analysis, we defined spontaneous plug loss as the 

absence of a plug in the punctum in which it was previously placed. For survival analysis, 

we considered each patient as one sample (N = 864), and punctal plug loss was counted as a 

single “event”.

Continuous variables are reported as mean (± standard deviation), and categorical variables 

are reported in numbers (percentage). We performed a one-way ANOVA with repeated 

measures to compare the ocular surface disease parameters at baseline and follow-ups for 

plug-retaining patients. A value of p<0.05 was considered statistically significant for all 

comparisons.

RESULTS

This retrospective study cohort included a total of 864 patients, with 264 (31%) patients with 

DED associated oGVHD and 600 (69%) patients with DED due to other causes. Patients 

with oGVHD DED had a median age of 56 years (21–75 years), and 123 patients (47%) 

were female; 141 patients (53%) were male. The non-oGVHD DED patient cohort had a 

median age of 58 (13–98 years), and the majority of patients were female (483, 81%). 

Amongst the oGVHD DED patients, 188 (71%) had meibomian gland dysfunction (MGD), 

and 22 (8%) had conjunctival fibrosis (CF), whereas 362 (60%) and 54 (2%) non-oGVHD 

DED patients had MGD and CF, respectively.

Patients who underwent punctal plug placement reported ocular discomfort (n=778, 90%), 

blurred vision (n=101, 12%), ocular redness (n=221, 25%) and ocular pain (n=112, 13%). 

Punctal plugs were placed bilaterally in 86% and 71% of oGVHD and non-oGVHD DED 

patients, respectively. At the time of punctal plug placement, all patients had been prescribed 

artificial tears. At presentation, oGVHD DED patients were on 0.05% topical cyclosporine 

(Restasis) (n=259, 98%), corticosteroids (n=109, 41%), anti-microbial drugs (n=98, 37%), 

anti-glaucoma drugs (n=20, 8%) and autologous serum tears (n=14, 5%). Ocular GVHD 

patients on systemic immunosuppressive therapy were on corticosteroids (n=177, 67%), 

tacrolimus (n=133, 50%), mycophenolate (n=46, 17%) and cyclosporine (n=20, 8%). Non-

oGVHD DED patients were prescribed topical cyclosporine (n=476, 79%), corticosteroids 

(n=83, 14%), anti-glaucoma drugs (n=60, 10%), anti-microbial drugs (n=37, 6%), and 

autologous serum tears (n=20, 3%). Only a very small proportion of non-oGVHD DED 

patients were prescribed immunosuppressive therapy including corticosteroids (n=38, 6%), 

tacrolimus (n=17, 3%), cyclosporine (n=16, 3%) and mycophenolate (n=4, <1%). Details of 

the prescribed systemic and ophthalmic medications are summarized in Table 1.

Kaplan-Meier analysis of punctal plug retention in patients with oGVHD DED compared to 

non-oGVHD DED patients is presented in Figure 1. The median duration of punctal plug 

retention was 77 days in oGVHD DED patients compared to 238 days in non-oGVHD DED 

patients. The plug retention rate was significantly less in oGVHD DED patients compared to 

non-oGVHD DED patients at two (61% vs. 82%), six (16% vs. 56%) and twelve (10% vs. 

46%) months post-plug placement (p<0.0001).
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In plug-retaining oGVHD DED patients, CFS scores significantly decreased at two- 

(6.75±1.25, p=0.0244), six- (5.71±1.36, p=0.0035), and twelve- (5.31±0.46, p=0.0329) 

month follow-up compared to initial presentation (7.29±2.15). (Figure 2) A more marked 

reduction was seen in plug-retaining non-oGVHD DED patients at two- (5.31±3.51, 

p=0.0097), six- (4.02±2.87, p<0.0001), twelve- (3.11±2.45, p<0.0001) month follow-ups, 

compared to baseline (5.99±3.64). TBUT was significantly prolonged in plug-retaining non-

GVHD DED patients at six- (5.81±3.89 secs, p=0.0026) and twelve- (6.54±4.15 secs, 

p=0.0014) month follow-ups compared to TBUT (4.42±4.13 secs) at the time of plug 

placement. TBUT increased significantly only at twelve months post-placement in oGVHD 

patients (4.95±0.72 secs, p=0.018) compared to baseline (3.75±1.94 secs). (Figure 3) A 

significant increase in Schirmer’s test score was recorded in non-oGVHD patients at six- 

(6.59±2.35 mm, p=0.014) and twelve- (7.11±3.59 mm, p=0.04) month follow-ups compared 

to baseline (5.41±4.96 mm). There was no significant change in the Schirmer’s score in 

plug-retaining oGVHD DED patients.

DISCUSSION

In this retrospective study, we examined the retention rates of silicone punctal plugs for 

treatment of DED in patients with oGVHD in comparison to those without oGVHD. We 

evaluated objective clinical parameters including CFS, TBUT and Schirmer’s test score to 

determine the efficacy of punctal plugs in these patient populations.

Ocular manifestations affect an overwhelming majority of patients with chronic GVHD after 

allogeneic HSCT.[31,32] Although many ocular tissues maybe affected by the immune 

mediated response associated with GVHD, dry eye disease is the most commonly associated 

with oGVHD.[26,33–36] Exam findings in oGVHD patients may include severe punctate 

keratopathy, filamentary keratitis and in rare instances, corneal thinning and perforation.

[19,20,37] These findings arise due to decreased aqueous tear production following immune 

mediated lacrimal gland destruction, making punctal occlusion an attractive therapeutic 

strategy, as punctal occlusion partially restores the tear film by impeding the drainage of 

tears and artificial tear supplements.[38] The benefits of punctal occlusion on tear retention 

and ocular surface health have been well-documented, with multiple reports demonstrating 

that punctal occlusion leads to improvement in both objective and subjective dry eye disease 

symptoms.[12,39–41] Rarely, punctal plug placement leads to complications such as 

canaliculitis, discomfort, epiphora, lesions of the conjunctiva and cornea, or pyogenic 

granuloma.[39] Additionally, studies have attributed exacerbation of DED following punctal 

plug placement to the development of an inflammatory milieu on the ocular surface due to 

the presence of proinflammatory cytokines in the retained tears of these patients.[42,43]

Our data suggest that punctal plugs significantly improve ocular surface parameters in both 

oGVHD and non-oGVHD patients with dry eye. In both groups, CFS improved at all time 

points, however a significant improvement in TBUT was only seen at six and twelve month 

post placement in non-oGVHD patients and only at twelve months in oGVHD patients. 

These results are consistent with other reports in the literature; Mansour and colleagues have 

reported improvement in Rose Bengal staining and lower discomfort scores following 

punctal occlusion in patients with DED secondary to Sjogren’s syndrome.[44] Furthermore, 
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Ogawa and colleagues have reported complete resolution of dry eye symptoms and 

improved ocular surface disease parameters post-punctal plug placement in patients who 

were not responsive to treatment with autologous serum tears.[45]

We found that spontaneous extrusion of punctal plugs occurs in a majority of oGVHD-

associated DED patients within 90 days of plug placement. The retention rates reported in 

our study are consistent with previous reports of punctal plug retention in patients of DED, 

both with and without oGVHD.[12,15–17,46–48] The lower retention rate of punctal plugs 

in oGVHD DED patients has been attributed to punctal subepithelial fibrosis.[48] Yaguchi et 

al. further recommended lacrimal punctal cauterization in chronic oGVHD DED patients to 

overcome recurrent plug extrusion.[49]

The retrospective design for the evaluation of objective ocular surface disease parameters are 

the primary limitations of this study. Long-term follow-up is challenging in the setting of 

chronic GVHD due to increased morbidity, and because our practice is a tertiary care center 

with patients often return to their referring ophthalmologists once their condition stabilizes, 

resulting in a decrease in follow-up visits. In addition, during the analysis of ocular surface 

parameters, we did not take into account the therapeutic effect of concurrent ophthalmic 

and/or systemic medications that patients may have been prescribed for DED.

In summary, our data suggest that punctal plug placement for the treatment of DED 

secondary to chronic ocular GVHD leads to significant improvement in ocular surface 

parameters. However, since spontaneous plug extrusion occurs in a majority of oGVHD 

patients over a period of few months post-placement, it is essential for the ophthalmologists 

to closely follow-up with patients for punctal plug replacement or adopt alternative therapies 

for the management of the ocular surface disease.
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Figure 1. 
Kaplan-Meier curve for punctal plug retention in DED patients with oGVHD in comparison 

to patients with DED due to other underlying etiologies.
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Figure 2. 
A statistically significant reduction in the Corneal Fluorescein Staining (CFS) scores was 

recorded in both oGVHD DED and non-oGVHD DED patients who retained punctal plugs 

at two-, six- and twelve-month follow-up after placement.
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Figure 3. 
Tear Breakup Time (TBUT) was significantly prolonged at six- and twelve-month follow-

ups in plug-retaining non-oGVHD DED patients, whereas TBUT was significantly 

prolonged only at twelve-month follow-up in oGVHD DED patients.
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Figure 4. 
Schirmer’s test score was significantly increased at six- and twelve-month follow-up in 

plug-retaining non-oGVHD DED patients, whereas no change in Schirmer’s test score was 

observed in oGVHD DED patients.
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Table 1.

Clinical characteristics of 1520 eyes of 864 DED patients with or without oGVHD at baseline.

DED without oGVHD (n=600, 69%) DED with oGVHD (n=264, 31%)

Age, median (range) 58 (13–98) 56 (21–75)

Sex Female (%) 483 (81%) 123 (47%)

Male (%) 117 (19%) 141 (53%)

Punctal Plugs

Bilateral 427 (71%) 228 (86%)

Unilateral 173 (29%) 37 (14%)

Use of topical ophthalmic medications (n,%)

Artificial Tears 600 (100%) 264 (100%)

Restasis 476 (79%) 259 (98%)

Corticosteroids 83 (14%) 109 (41%)

Anti-glaucoma drugs 60 (10%) 20 (8%)

Anti-microbial drugs 37 (6%) 98 (37%)

Serum Tears 20 (3%) 14 (5%)

Use of systemic immunosuppressive drugs

Corticosteroids 38 (6%) 177 (67%)

Tacrolimus 17 (3%) 133 (50%)

Cyclosporine 16 (3%) 20 (8%)

Mycophenolate 4 (<1%) 46 (17%)
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