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Purpose: To evaluate the impact of TearCare (TC) treatment on clinical, quality of life, and functional visual outcome metrics in
patients with dry eye disease (DED) and meibomian gland disease (MGD).

Methods: This is a prospective, single-center clinical trial. Adults with MGD and a DED diagnosis and tear break-up time (TBUT)
<10 seconds were included. All subjects had at least 20/40 vision and no surgery or new treatment for DED within 60 days prior to
enrollment. All patients had one baseline visit prior to undergoing TC and one follow-up visit 1 month after TC. At each visit, the
meibomian gland secretion score (MGSS), TBUT, and corneal fluorescein staining (KFL) were assessed. DED symptoms were
evaluated using the Ocular Surface Disease Index (OSDI) questionnaire, Visual Function Questionnaire 25 (VFQ-25), and the Fatigue
Severity Scale. Reading speed was determined through the International Reading Speed Texts (IReST), Minnesota Low Vision
Reading Test (MNREAD), and Wilkins Rate of Reading Test (WRRT).

Results: Thirty-two subjects were included. The average age was 55.9 years. Sixteen (52%) participants had a clinically significant
improvement in reading speed after treatment with TC, defined as >10 words per minute increase in their IReST score. Improvement
on the IReST and the MNREAD reached statistical significance (p = 0.012 and p = 0.028, respectively). OSDI scores significantly
decreased and VFQ-25 scores significantly increased after TC treatment (p < 0.001). All of the clinical exam parameters showed
statistically significant improvements after treatment (p < 0.001).

Conclusion: TC is an effective treatment both clinically and with respect to visual function. Patients who had TC exhibited
improvements in quality of life and improved reading speed after a single treatment. This treatment should be frequently considered
and utilized to reduce the disease burden of DED related to MGD.
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Introduction
Dry eye disease (DED) is a chronic condition that causes significant reduction in quality of life." In the United States, it is
estimated that up to 40 million people suffer from DED, leading to an economic burden of approximately $3.84 billion.*
DED can be classified into two major categories: aqueous-deficient and evaporative dry eye, with the latter accounting
for up to 86% of patients with DED.*> Evaporative dry eye is caused by a disruption of the tear film lipid layer and is
primarily driven by meibomian gland dysfunction (MGD).® The mainstay of treatment is the application of heat to
promote softening and secretion of meibum from the meibomian glands. The standard of care for MGD includes warm
compresses, eyelid massage, and maintenance of proper eyelid hygiene. However, the effectiveness of self-administered
home treatments has been shown to be low due to suboptimal temperature levels reached as well as poor compliance.” '
As such, office-based treatments such as LipiFlow and Intense Pulsed Light therapy have been introduced as alternative
options.

In 2021, TearCare (TC) received clearance from the United States Food and Drug Administration as an in-office
treatment for MGD."' The system employs wearable SmartLid devices that are placed onto the patient’s lids while

preserving the patient’s natural blink.'? The session is activated by a SmartHub controller, which sets the temperature of
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the four SmartLids to a therapeutically optimal temperature of 45°C, above the 41°C threshold necessary to soften and
melt meibum.”'*"'* Following the 15-minute heating session, manual gland expression is performed by the clinician
using proprietary forceps.

Several clinical trials have studied the safety and efficacy of TearCare. In a multicenter, masked, randomized control trial,
subjects who received a single TC treatment demonstrated significant improvements in their mean tear break-up time (TBUT)
and meibomian gland secretion score (MGSS).'> The mean Eye Dryness Score (EDS), Symptom Assessment in Dry Eye
(SANDE), and Ocular Surface Disease Index (OSDI) scores were also significantly reduced.'* In a clinical trial comparing TC
and Lipiflow systems in reducing symptoms of DED, subjects with more severe disease (MGSS < 7) achieved statistically
greater improvement with TC compared to LipiFlow in their total OSDI scores, quality of vision, and SANDE frequency
scores.'”> Another study comparing outcomes of DED treated with TC versus cyclosporine 0.05% showed that the TC group
had greater improvement in TBUT and MGSS, supporting the use of TC as the preferred treatment for MGD. "

While clinical parameters and patient questionnaires are frequently utilized in DED research, measurement of reading
speed can be a useful method to assess functional impairment from DED. Studies have shown that DED patients have
slower reading speeds, which is correlated with the severity of disease.'®'” The International Reading Speed Texts
(IReST) is a standardized assessment of reading speed in a natural context.'® Other assessments such as the Minnesota
Low Vision Reading Test (MNREAD) and Wilkins Rate of Reading Test (WRRT) have also been employed in vision
research.'”2° To date, there have been no studies that assess how interventional procedures for MGD, such as TC, impact
functional metrics. In this prospective, single center clinical trial, we aim to evaluate the efficacy of TC in a population
with DED from MGD using clinical, quality of life, and functional visual outcome metrics.

Materials and Methods

This study was conducted in accordance with the Declaration of Helsinki and was approved by the Sterling Institutional
Review Board (protocol #9478). Consent was obtained by the study participants prior to study commencement, and the
participants were informed about the purpose of the study. This study was a prospective, single-center clinical trial. Any
adult patient with a prior DED diagnosis and MGD with TBUT <10 seconds was eligible to be included in the study. All
subjects had to have at least 20/40 or better vision in both eyes, no new treatment for DED or surgeries within 60 days
prior to the initial study visit and have a high-school level education or higher.

All patients had two visits: one at baseline prior to TC and one 1 month after the TC procedure. At each visit, subjects
underwent a clinical exam and reading speed and questionnaire testing. The clinical exam included slit-lamp exam, MGSS,
TBUT, and corneal fluorescein staining (KFL) assessment. Patients were given 3 questionnaires to assess symptoms and visual
function: OSDI, National Eye Institute Visual Function Questionnaire 25 (NEI VFQ-25), and the Fatigue Severity Scale.
Patients were given 3 reading tests to assess reading speed and function: out-loud reading speed using the MNRead which was
used to assess maximum reading speed, IReST (paragraph form of reading text), and the WRRT.

The TC device was used according to manufacturer’s approved instructions as described in the Instructions for Use (IFU).
Patients had eyelid skin cleansed with a moist towelette, and SmartLids were placed above the lash line over the meibomian
glands on all four eyelids. The 15-minute heating cycle was maintained per the IFU. Once completed, the SmartLids were
removed, and manual expression using the Clearance Assistant Forceps was performed on all four eyelids.

A power calculation was performed prior to initiation of the study to determine that 32 patients would be an appropriate
sample size, as was calculated using an alpha of 0.05 and power of 80%. This was calculated based on the IReST meaningful
difference to be greater than 10 words per minute (wpm), as published in the literature.'® Data were analyzed using Microsoft
Excel (Version 16.68) and GraphPad Prism for Mac (v.8, GraphPad Software). Differences between patients pre- and post-
treatment were analyzed using appropriate statistical methods. A chi-squared test was used for analyses involving exclusively
nominal variables (for example, gender and race). Analyses involving continuous variables utilized the paired ¢-test. A p-value
less than or equal to 0.05 was considered statistically significant.

Results
A total of 32 subjects were included in this study, of whom 81.3% were female (Table 1). The average age in the cohort
was 55.9 years with a range of 31 to 79 years. At baseline, subjects had severe MGD, with an average MGSS of 4.1 £ 2.5
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Table | Baseline Patient Demographics

Characteristic Value
Number of patients (n) 32
Age (years)
Mean + SD 559 £ 145
Range 31-79
Sex, n (%)
Female 26 (81.3)
Race, n (%)
White 22 (68.8)
Black 7 (21.9)
Hispanic I 3.1
Asian 2 (6.3)

Abbreviation: SD, standard deviation.

(on a scale from 0 to 45 with <12 considered to be abnormal). Prior to treatment, subjects had diminished reading speed,

averaging 163.6 = 33.9 words/min on the IReST test. As a reference, normally sighted readers average approximately
184 + 29 words/min.'®
Sixteen (52%) participants had a clinically significant improvement in reading speed after treatment with TC, defined as >10

wpm increase in their [ReST score. On average, there was improvement in all of the functional reading assessments after TC

treatment when compared to baseline (Table 2). Specifically, improvement on the IReST and the MNREAD reached statistical

significance after TC treatment (p = 0.012 and p = 0.028, respectively). Among the administered patient questionnaires, OSDI

Table 2 Pre-Treatment and Post-Treatment Results

Parameter Pre-Treatment | Post-Treatment | P-value
Visual Function (mean % SD)
IReST 163.6 + 33.9 172.0 + 38.6 0.012*
Wilkins Rate of Reading Test 130.8 + 26.8 139.3 + 26.2 0.148
Minnesota Low Vision Reading Test 1383 £ 225 144.0 £ 25.1 0.028*
Patient Questionnaire (mean * SD)
Ocular Surface Disease Index 45.7 + 249 334 +£227 <0.001*
National Eye Institute Visual Function 25 | 73.8 £ 5.7 805 + 13.2 <0.001*
Fatigue Severity Scale 318+ 134 31,6 £ 134 0.904
Clinical Exam (mean * SD)
Meibomian Gland Secretion Score 4.1 +£25 6.1 £24 <0.001*
Tear Break-up Time 52 +26 6.5+26 <0.001*
Corneal Fluorescein Staining 0.6 £0.2 03+03 <0.001*

Note: *indicates statistical significance.

Abbreviations: |ReST, The International Reading Speed Texts; SD, standard deviation.
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scores significantly decreased from 45.7 + 24.9 to 33.4 £ 22.7 post-treatment (p < 0.001) and NEI VFQ-25 scores significantly
increased from 73.8 £ 15.7 to 80.5 = 13.2 (p < 0.001). Section B of the OSDI questionnaire contains questions related to visual
function,'® and a statistically significant improvement was also seen when isolating OSDI scores to section B only after
administration of TC (p = 0.009). Notably, all of the clinical exam parameters showed statistically significant improvement
after treatment. The mean pre-treatment MGSS improved from 4.2 + 2.5 to 6.1 + 2.4 (p < 0.001), the mean pre-treatment
TBUT improved from 5.2 + 2.6 to 6.5 + 2.6 seconds (p < 0.001), and the mean pre-treatment KFL scores decreased from 0.6 +0.2
t0 0.3 £ 0.3 (p =<0.0001) when compared to post-treatment.

Further subgroup analysis showed that patients who experienced >10 wpm increase in their IReST score had a greater
improvement in their KFL scores post-treatment (=0.5 = 0.1 vs —0.3 = 0.1, p = 0.049). Those same patients also had
higher OSDI scores pre-treatment suggesting that they had more visual symptoms from their DED; however, this
difference was not statistically significant (50.7 + 5.9 vs 40.8 + 6.5, p = 0.27). Patients who had an improvement of
their TBUT by 2 or more seconds were more likely to have lower MGSS and TBUT pre-treatment, suggesting more
significant disease at baseline (3.1 = 0.5 vs 5.0 £ 0.7 p = 0.034; 4.6 £ 0.3 vs 5.8 £ 0.4, p = 0.047, respectively). There
were no demographic differences between patients who experienced a >10 wpm increase in their IReST score and those
who did not, or between patients who had an improvement in their TBUT by 2 or more seconds and those who did not.

Discussion
In our study, more than half of the subjects experienced a clinically meaningful improvement in reading speed with a single TC
treatment. Statistically significant improvements in reading speeds were seen in two out of three reading tests, and significant
improvements in both DED signs (TBUT, MGSS, and KFL) and symptoms (OSDI and NEI VFQ-25) were also observed
post-treatment when compared to pre-treatment baseline. The improvement in OSDI scores following treatment was also
statistically significant when the scores were isolated to section B only, which focuses on visual function-related questions.
These results suggest that a single treatment of TC is effective in treating DED secondary to MGD and thus TC should be
considered in patients with reduced visual function who experience difficulty reading and/or blurred vision from their DED.
Dry eye disease can significantly impact visual function and performance. Several published reports suggest that DED
negatively impacts visual acuity, leading to a decrease in concentration, productivity, and ability to accomplish daily
activities.” > One method of assessing visual function is through reading speed. Many reading tests have been
developed for use in clinical studies. In our study, three reading tests were employed to assess visual function. The
IReST test is a standardized non-stress-inducing reading test that has low within-subject variability.'® Patients are given
whole paragraphs to read, rather than single sentences, as paragraphs more closely mimic the demands of everyday
reading.'® The WWRT, on the other hand, uses a passage with no semantic content and is designed to stress the visual
processing system.>* Both IReST and WWRT have been previously used in DED research.'”?* Unlike the IReST and
WWRT, the MNREAD uses continuous text acuity charts and allows for assessment of the maximum reading speed. In
our study, all of the subjects had improvement in their reading speed post-treatment. Research has suggested that a >10
wpm increase in the IReST score indicates a clinical significant improvement.'® Because the IReST test most closely
mimics everyday reading, we conducted a sub-analysis of patients who had >10 wpm increase in their IReST score
following treatment with TC. There were no demographic differences between subjects who experienced a >10 wpm
increase in their IReST score post-treatment compared to those who did not. Subjects with a >10 wpm increase in their
IReST score had greater improvements in their KFL scores post-treatment (—0.5 = 0.1 vs —0.3 £ 0.1, p = 0.049). They
also had higher OSDI scores pre-treatment (50.7 + 5.9 vs 40.8 + 6.5, p = 0.27), suggesting they were more symptomatic
at baseline, though this difference did not reach statistical significance. The minimal clinically important difference
(MCID) is used in clinical trials to evaluate for a meaningful difference following an intervention.?® It is defined as the
smallest difference in score in the domain of interest which patients perceive as beneficial and which would mandate, in
the absence of troublesome side effects and excessive cost, a change in the patient’s management. >’ A greater OSDI
score change of 7.3 to 13.4 has been proposed to be the MCID for severe DED.?® In our cohort, 20 out of 32 (62.5%)
patients had an OSDI score of 33 or greater (suggestive of severe disease). Among those 20 individuals, 16 (80%) met
the MCID criteria for having a reduction in OSDI score between 7.3 and 13.4, suggesting that the administration of TC
provides a meaningful improvement for the majority of patients with severe DED.
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In the evaluation of MGD, TBUT is a common exam parameter used by clinicians. The presence of meibum is critical
for the stability of the tear film, and in MGD, obstruction of the meibomian glands causes reduced secretion of meibum
and thus rapid tear film evaporation. A TBUT of >10 seconds is considered to be normal, with 5 to 10 seconds considered
to be marginal and < 5 seconds considered to be low.*® In our cohort, the average TBUT was 5.2 + 1.6 seconds. We found
that patients who had an improvement of their TBUT by 2 or more seconds after their TC treatment were likely to have
lower MGSS and TBUT at baseline (3.1 = 0.5 vs 5.0 £ 0.7, p = 0.034; 4.6 + 0.3 vs 5.8 = 0.4, p = 0.047, respectively),
indicating more significant disease. There were no demographic differences between subjects who experienced a TBUT
improvement of 2 or more seconds post-treatment and those who did not. Our results suggest that TC may provide
additional benefits for patients with more severe disease and thus should be considered in patients with mild, moderate,
and severe MGD, especially if they fail at-home therapies.

Our study has several limitations. First, the clinical parameters are graded by the clinician evaluating each subject,
which can be subjective. As such, the use of objective parameters such as the measurements of reading speed was
implemented to decrease the subjective nature of the study. Second, subjects were only followed for 1 month after their
treatment. A longer follow-up period would help demonstrate the long-term benefits of TC and potentially identify
patients who peak in their improvement beyond 1 month, as effects of TC have been shown to last up to 12 months post-
treatment.”” Third, one factor that affects dry eye disease and reading is the blink rate, which was not assessed and could
be included in future studies on this subject. Finally, a single-center study limits the generalizability of the results, and
additional multi-center studies are needed to evaluate the long-term impacts of TC treatment.

Conclusion

This prospective study adds to the growing body of literature that supports the use of TC in treating patients with DED
and MGD. In addition to improvements in clinical parameters and patients’ quality of life, our results show that a single
treatment of TC also improves visual function. By improving the tear film function, TC likely allows for better optical
quality resulting in improved reading ability. To our knowledge, this is the first study that assesses changes in reading
speed following treatment with TC. Given the high prevalence of DED, new office-based therapies such as TC should be
utilized to reduce the disease burden of DED and improve patients’ visual function and quality of life.
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