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1. Abstract
Purpose: Lid wiper epitheliopathy (LWE) is a clinical sign that has been associated with
dry eye disease. This study used a semi-automated method to identify the effect of drop
instillation and post-dye viewing time on the absorption of lissamine green (LG) and
sodium fluorescein (NaFl) on the upper eyelid in order to ascertain the optimal
identification for LWE assessment.
Methods: In 37 participants with LWE, 1-drop of 1% LG (10uL) was applied to the
superior bulbar conjunctiva in the right eye, and photographs of the lid margin were taken
1, 3, and 5 minutes after instillation. Measurements were repeated in the same eye
following instillations of 2-drops of 1% LG. The same procedures were followed for
application of 2% NaF1 (2uL) to the left eye. Staining area was determined using software
to detect and measure dye-stained images. Analysis used a linear mixed model with fixed
effects of time, number of drops and their interaction.
Results: For LG, multivariate analysis showed that time of drop instillation was significant
(p=0.0091) as was the area of staining in the 2-drop versus 1-drop condition (p<0.0001).
For NaFI, there was a significant effect of time (p<0.0001), drops (p<0.0001), and a
time/drops interaction (p<0.0134), suggesting that both time and number of drops are
important.
Conclusion: A single drop of dye is insufficient to reveal the full extent of LWE staining.
A 2-drop instillation is recommended and observation is recommended between 1-5
minutes (LG) and between 3-5 minutes (NaFl).

Key words: Lid Wiper; Epitheliopathy; Dry Eye; Lissamine Green; Sodium Fluorescein
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1. Introduction

The prevalence of dry eye disease (DED) has been reported to be as low as 5% and
as high as 50% [1-3]. Given the challenges associated with DED that result in ocular
discomfort, reduced quality of life, lost productivity and rising healthcare costs, advances in
the understanding and corresponding management are important [3]. It has been theorized
that compromise to the epithelium of the wiping system results in symptomatology much
like that in DED [1,4]. Additional research and investigation into lid wiper epitheliopathy
(LWE) is needed.

The lid wiper is in constant contact with the ocular surface and travels across the
surface with thousands of blinks per day. It is susceptible to mechanical trauma when there
is inadequate lubrication as in the case of DED [4]. Despite this anatomical phenomenon,
LWE is a relatively new finding in the clinical investigation of the anterior eye and was
first reported as a clinical feature and associated with DED in 2002 [5]. It is surprising that
aberrant changes to the eyelid anatomy have only been recently described since it is critical
in maintaining ocular surface integrity [2]. Anatomically, the marginal conjunctiva begins
at the inner-lid border and presents as a thickened and cushioned epithelium. This zone is in
apposition to the globe and it is the structure that physically wipes the bulbar surface and
distributes the thin tear film over the surface of the eye [2]. LWE is generally accepted to
be the result of inadequate ocular lubrication and excessive friction [6]. When the tear film
is disturbed, ocular drying can ensue in the interblink interval, and the frictional forces can
then become aberrant and result in surface insult [7].

LWE is visualized by everting the eyelid after a dye has been instilled and
observing the area proximal to the eyelashes [6]. An observable line at the mucocutaneous
junction, called the line of Marx, is present in all eyelids and any further staining (beyond
the line of Marx) of the tissue in the palpebral marginal conjunctiva can be evidence of
LWE. Visual distinction of the line of Marx in its anatomical position versus the adjacent
and immediately proximal lid wiper region is important to note when assessing this area
[6]. Recent investigations of LWE using semi-automated methods have included the line of
Marx when measuring the lid wiper area [§—10]. Since 2012 there have been several

publications around LWE reporting differing methods of dye utilization [6]. Studies vary
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in their use of either lissamine green (LG) or sodium fluorescein (NaFl), and in the time

point after dye instillation for assessment. Rose Bengal (RB) tends to sting upon

instillation and negatively affects cell vitality [11] and has become less widely used in

recent years [6] even though substantial studies assessing patient tolerance of RB are

lacking [12]. The current published evidence provides a large degree of inconsistency with

respect to LWE identification, assessment, symptom linkage, and grading of severity.

When LWE was described in 2002 by Korb et al. [5], staining of the lid wiper had not

previously been reported, so it is not surprising that dye usage and severity grading varied

in the subsequent literature. There have been several unique approaches to staining the lid

wiper anatomy. They are summarized, in comparison to the Korb 2002 protocols [5] and

presented in Table 1. Recently, a review by Begley et al. [13] highlights that variations in

the use of ophthalmic dyes in terms of concentration, timing of observation and the

methodology of instillation has negative ramifications for reliable and consistent ocular

surface interpretation and evaluation.

Table 1: Literature review regarding staining techniques

Study

Dye Instillation Protocol

Timing of Assessment

Korb Protocol A:

Korb, et al.[5]

Korb, et al.[1]

40 pL of 2% NaFI solution.

2 instillations 5 minutes
apart.

RB paper strip wetted with
2 50 pL drops of sterile
saline

View lid wiper 1 minute
after drop instillations.

Not specifically mentioned,
but implies that a 1 minute

wait time was used prior to
lid wiper evaluation.

Korb Protocol B:

Multiple reports since
2010[4,14,14-20]

40 pL of mixed solution
with equal volumes of 2%
NaFl and 1% LG.

2 instillations 5 minutes
apart

View lid wiper 1 minute
after drop instillations.

Kunnen et al.[10]

2-drops of 20 puL 2% NaF1
and 1% LG instilled 5
minutes apart

View lid wiper 1 minute
after drop instillations.




Jalbert et al.[21]

LG paper strip submerged
in 200 pL of saline.

20 pL of resulting dye
instilled (2-drops 5 minutes
apart)

View lid wiper 30 seconds
after drop instillations.

Navascues-Cornago et al.[§]

LG paper strip submerged
in an unspecified amount of
saline.

Unspecified amount
applied to eye.

Unspecified time of visual
inspection.

Navascues-Cornago et
al.[22]

LG paper strip submerged
in an unspecified amount of
saline for 1 minute.

Unspecified amount
applied to eye.

2 instillations 4 minutes
apart.

View lid wiper 1 minute
after drop instillations.

Satjawatcharaphong et
al.[23]

LG paper strip wetted with
unspecified amount saline.

Unspecified amount
applied to eye.

2 instillations 5 minutes
apart.

View lid wiper 1 minute
after drop instillations.

Varikooty et al.[24]

NaFl1 2% 10 pL, 2-drops 1
minute apart.

LG 1% 15 pL 2-drops 1
minute apart.

View lid wiper 3 minutes
after drop instillations.

Varikooty et al.[25]

NaF1 paper strip wetted
with unspecified amount of
saline.

2-drops 3 minutes apart.

View lid wiper 3 minutes
after drop instillations.
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LG paper strip wetted with
unspecified amount of
saline.

2-drops 3 minutes apart.

In addition to the variability in dye utilization for optimal observation, a recent
study found that observers inaccurately estimate LWE staining using Korb’s grading as
compared to a semi-objective technique [9]. Two abstracts have described an automated
process to detect and grade LWE using digital images [9,17]. A third process has been
described that uses an open-access computer program but it is not automated and relies
completely on the user for consistency [8]. The lid wiper region itself is poorly defined and
so it is logical that an observer would have difficulty making a visual estimation of the
percentage of the region affected, and the corresponding grading of LWE. Given that there
exists widespread variability in all aspects of LWE clinical evaluation and research
methodology, the aim of this study was to optimize the clinical identification of LWE in a
consistent and semi-automated manner. The present study observed the absorption of LG
and NaF1 on the upper eyelid as a function of time and dosage using a semi-automated
approach, with the goal of establishing: (1) the best time point, post-dye instillation, to view
LWE; and (2) the effect of drop instillation (1 vs 2) to visualize LWE. Additionally, inter-
and intra-examiner repeatability of measurements were investigated to check the validity of

the semi-automated system used.

2. Material and Methods
Participants and experimental protocol
Participants were recruited from the Southern College Optometry (SCO; Memphis,
TN, USA) patient base. Participants were financially compensated for their time and travel
expenses. The study was approved by the Institutional Review Board of SCO and
conformed to the tenets of the Declaration of Helsinki. Ethical approval was additionally

obtained from Anglia Ruskin University (Cambridge, United Kingdom). Written informed
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consent was obtained after explanation of the study and possible consequences of taking
part.

The inclusion criteria included age > 18 years and presence of LWE in both eyes.
LWE determination was made by visual inspection of the lid wiper region 1 minute after a
single drop of LG was instilled [4]. Exclusion criteria included habitual contact lens
wearers in an extended wear modality (routinely sleeping in lenses overnight). Candidates
with any anterior segment infection, inflammation, disease, or abnormality (within the
previous 7 days) and/or those currently using systemic or ocular medications that would
typically contraindicate contact lens wear were also excluded. Finally, candidates who
were monocular or had known allergies to the ophthalmic dyes used in this study were not
enrolled. 57 participants were screened for enrollment and 20 were excluded who did not
have LWE.

The experimental protocol is outlined in Table 2. For each participant, all data
were collected in a single visit. Baseline slit lamp biomicroscopy and digital photography
were performed on each eye using the same unit, BI900 LED Slit Lamp, with EyeSuite
Imaging (Haag-Streit, Bern, SUI). Baseline assessments of the cornea, bulbar conjunctiva,
palpebral conjunctiva, and upper eyelid margin were made for each eye. The Brien Holden
Vision Institute Grading Scale (formerly referred to as the Cornea and Contact Lens
Research Unit Grading scale) was used to assess clinical findings for the anterior eye

segment.

Table 2. Summary of experimental protocol; RE, right eye. LE, left eye; LG, lissamine

green; NaFl, sodium fluorescein

Step  Description

1 Participant demographic data recorded
2 Medical history and ocular history recorded
3 Medication use recorded

4  LogMAR (RE/LE)
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5 Biomicroscopy (slit lamp) anterior segment findings (RE/LE)
» Examination of cornea, bulbar conjunctiva, palpebral conjunctiva, upper
eyelid margin at (1) baseline and (2) conclusion of visit

6 Dosing of single drop 1% LG (10 pL) in RE superior bulbar conjunctiva and
photography at 1, 3, and 5 minutes post-LG instillation

7 Dosing of single drop 2% NaFl (2 pL) in LE superior bulbar conjunctiva and
photography at 1, 3, and 5 minutes post-NaF] instillation

8 Dosing of 2-drops 1% LG (10 pL each), one minute apart, in RE superior
bulbar conjunctiva and photography at 1, 3, and 5 minutes post-LG instillation

9 Dosing of 2-drops 2% NaFI (2 pL), one minute apart, in LE superior bulbar

conjunctiva and photography at 1, 3, and 5 minutes post-NaF1 instillation

The right eye (RE) was used for all comparisons for LG usage while the left eye
(LE) was used for all comparisons regarding NaF1 usage. The effect of drop instillation and
post-dye absorption for each dye was measured, rather than differences between eyes and
so data from both eyes were therefore used. All dyes were instilled via a MicroPette Plus
Single-Channel Variable Volume Pipettor, 2-20 uL. volume, (Scilogex, Rocky Hill, CT,
USA) to assure exact dosages. Separate pipettors were used for LG and NaF] instillation.
For single drop instillation, 1% LG (10 pL applied RE) or 2% NaFl1 (2 pL applied LE ) was
applied to the superior bulbar conjunctiva [26,27]. The eyelid was carefully everted using a
cotton-tipped applicator before each photograph (attention was made to not applanate the
lid margin, causing iatrogenic staining). Photographs of the lid margin were taken at 1, 3,
and 5 minutes post-dosing. Participants were instructed to blink normally after dye
instillations (during the wait time prior to photography).

In order to examine staining after instillation of two drops in each dye, 2-drops of
1% LG (10 pL each) were applied, one minute apart, to the superior bulbar conjunctiva in
the RE, and photographs of the lid margin were taken at 1, 3, and 5 minutes following
instillation of the second drop. Similarly, 2-drops of 2% NaF1 (2 uL each) were applied to
the superior bulbar conjunctiva in the LE, and photographs were taken at the same time

points described above. Care was taken in the photographs to capture the entire upper lid
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margin, canthus to canthus. Because the eyes are tested in succession, and given that LG
and NaFl staining has been reported to fade after several minutes, a washout period of 20-
25 minutes was allotted between individual eye assessments to allow for dye clearance

[28].

Image Analysis

This study uses ADCIS (Advanced Concepts in Imaging Software, Saint Contest,
FR) described by Varikooty et al. [17] Images of the everted lid (resolution of 2000%*1000
digitized on 8 bits, 12x magnification, Haag-Streit BI900 LED Slit Lamp system and
Canon EOS 60D digital camera) were captured in raw mode, and then converted into tiff-
format images. The software is designed to automatically detect LWE when using LG dye
(see examples in Figure 1). Once this dyed area is detected, the software automatically
segments the area and processes a series of computed measures (shape and intensity of the
automatically detected regions). A manual option to annotate captured images prior to
analysis was used to detect NaFlI staining (Figure 1), as the system was not designed to
automatically detect NaFl. In cases in which the software ‘misses’ areas of LG, the user had
the ability to manually edit segmentation results to add missing areas, delete artifacts, and
amend area edges. The ADCIS image processing algorithm carries multiple steps to deliver
image optimization and analysis including image transformation, top-hat transformation
and Otsu thresholding [17]. As LWE may have different presentations (continuous and
non-continuous staining), the calculated area of lid wiper staining (mm?) used for analysis
includes all stained regions as well as the Line of Marx. This approach is consistent with
two previous studies using alternative semi-automated methodologies [8,9].

To assess repeatability of the ADCIS semi-automated measurement technique,
intra- and inter-observer repeatability measurements were reanalysed on a separate
occasion. 37 images of LG-stained and NaFl-stained LWE (2-drops, 3-minute observation
time point) were re-analysed through the ADCIS system by the same investigator 6 months
after the initial processing. Data from the initial analysis were withheld and the images
were evaluated in a different order. In this comparison it is possible to assess the similarity

of the duplicate measures obtained through the ADCIS procedure. Similarly, inter-observer
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repeatability was assessed with assistance from a separate masked grader with the same 37

images analysed with the ADCIS system.

Figure 1. Area of lid wiper epitheliopathy (LWE) staining

Data Analysis

Statistical analyses were performed using SAS software v9.4 (Cary, NC, USA).
Examination of the dataset revealed normality in the raw variable (area of staining). The
data were analyzed using a linear mixed model with fixed effects of time, number of drops
and their interaction. Assumptions of normality and homogeneity of variance for the
residuals were examined. Changes in the Akaike Information Criterion (AIC) and
Bayesian Information Criterion (BIC) were examined to select the best-fitting covariance
structure [29,30]. In addition, separate variance-covariance matrices for each drop
condition were examined. This process resulted in choosing a structure (compound
symmetric with heterogeneous variance) estimated for each drop condition separately. The
repeatability of the ADCIS method was assessed through plotting Bland-Altman

schematics.

3. Results
Thirty-seven (37) participants completed the present study. Mean age was 25 years
(range 23-30 years), sex split was 73% female and 27% male, participant ethnicity was

78% Caucasian, 11% Asian, 8% African American and 3% Hispanic.

Area of LWE staining with LG

For LG, the multivariate covariance analysis showed that the time of drop
instillation was significant (p=0.0091) (see Table 3 and Figure 2). The LG drops condition
analysis showed a significantly larger area of staining with 2 drops than 1 drop (p<0.0001).

The group*time interaction was not significant (p=0.92), indicating that the change in area
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of LG staining over time is not different for the 1- and 2-drops conditions (see the parallel
curves in Figure 2). Table 4 demonstrates all of the point to point time/drop comparisons.
The 2-drop condition was significantly different from the 1-drop condition, with 2-drops of
LG revealing a greater area of staining than 1-drop at all of the time points. When 2 drops
are used, the time point of clinical observation can occur at 1, 3 or 5 minutes post-drops to

reveal maximum uptake of dye.

Table 3. Main effects of drop dosing versus time. LG, lissamine green; NaFI, sodium
fluorescein

Effect LG NaFL

F P F p
Time 5.02 0.0091 22.58 <0.0001
Drops 28.85 <0.0001 74.56 <0.0001
Time*Drops 0.08 0.9192 4.58 0.0134

Figure 2. Staining area (mm?) 1, 3, and 5 minutes following instillation of lissamine

green (LG).

Area of LWE staining with NaFl

For NaFl, the multivariate covariance analysis (Table 3) revealed a significant effect
of time (p<0.0001), drops (p<0.0001) and time*drops (p=0.0134), suggesting that both
conditions are important for area of NaFI staining. As shown in Figure 3, when 1-drop of
NaFl was used, there was a steep increase in LWE area of staining over time and the
greatest area of staining was observed 5 minutes post-instillation. Similarly, when 2-drops
of NaFl were used, there was an increase in staining area particularly when comparing 1
and 5 minutes. Table 4 shows statistically significant differences for all time point paired
comparisons, with the exception of the 2-drop condition (1 minute versus 3 minutes
p=0.055, and 3 minutes versus 5 minutes p=0.525). For NaF]l, two drops should be used to
reveal the maximal dye staining area. Additionally, a 3 minute to 5 minute wait time is

necessary to reveal the maximum uptake of dye.
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Figure 3. Staining area (mm?) 1, 3, and 5 minutes following instillation of sodium

fluorescein (NaFl).

Table 4. Pairwise comparisons of staining area, 1- and 2- drop conditions. LG,

lissamine green; NaFl, sodium fluorescein

12

Drop comparison  Drop comparison Mean Difference P
LG 1-drop LG 1-drop 1 minute vs 3 minutes 0.325 0.104
1 minute vs 5 minutes -0.043 0.871
3 minutes vs 5 minutes 0.369 0.091
LG 2-drops LG 2-drops 1 minute vs 3 minutes 0.438 0.095
1 minute vs 5 minutes 0.124 0.699
3 minutes vs 5 minutes 0.313 0.116
LG I-drop LG 2-drops 1 minute vs 3 minutes 2.465 <0.0001
1 minute vs 5 minutes 2.151 <0.0001
3 minutes vs 5 minutes -1.826 0.0003
3 minutes vs 1 minute -1.702 <0.0001
5 minutes vs 1 minute -2.07 <0.0001
5 minutes vs 3 minutes 2.508 <0.0001
1 minute vs 1 minute -2.027 <0.0001
3 minutes vs 3 minutes -2.140 <0.0001
5 minutes vs 5 minutes -2.195 <0.0001
NaFl 1-drop NaFl 1-drop 1 minute vs 3 minutes 1.060 0.0004
1 minute vs 5 minutes 1.939 <0.0001
3 minutes vs 5 minutes -0.879 0.0027
NaF1 2-drops NaF1 2-drops 1 minute vs 3 minutes 0.551 0.055
1 minute vs 5 minutes 0.732 0.0117
3 minutes vs 5 minutes -0.181 0.525
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NaFl 1-drop NaFl 2-drops 1 minute vs 3 minutes 2.534
1 minute vs 5 minutes 9.59
3 minutes vs 5 minutes -1.654
3 minutes vs 1 minute -0.923
5 minutes vs 1 minute -0.044
5 minutes vs 3 minutes 0.595
1 minute vs 1 minute -1.983
3 minutes vs 3 minutes -1.474
5 minutes vs 5 minutes -0.776

<0.0001
<0.0001
<0.0001
0.0017
0.8767
0.0389
<0.0001
<0.0001
0.0077

Image analysis repeatability

Intra-observer agreement was examined for LG and NaFl at the 2-drop 3-minute
time mark. The 2-drop condition was chosen for this analysis as it revealed a greater area
of staining for both LG and NaFI and the 3-minute mark was chosen since it had the
greatest area of staining for LG. Analysis of mean staining (2-drops at the 3-minute mark)
six months after initial analysis (same observer) was performed. A Bland-Altman
comparison was performed for repeatability and agreement amongst the measures at the
two time points (see Figures 4 and 5). The mean difference between time analysis repeats
for the area of staining for LG was -0.10mm? and 95% limits of agreement between repeats
were between -1.10mm? and 0.89mm?, whereas the mean difference for NaFl was
-0.20mm? and 95% limits of agreement between repeats were between -1.67mm? and
1.28mm?. The data were slightly skewed to the top of the Bland-Altman plot, indicating
that there was a tendency for a higher degree of area staining to be measured at time point 2
(the latter time point) versus time point 1 (the earlier time point) for both LG and NaFI.
Next, inter-observer agreement was examined for LG and NaF1 (see Figures 6 and 7).
Analysis of mean staining was examined six months after initial analysis, but with a
different observer. Bland-Altman comparisons were again performed. The plots show the
repeatability for the area of staining using 2-drops of LG and 2-drops of NaF] at the 3-

minute observation time. The mean difference between time analysis repeats for the area of
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staining for LG was -0.15mm? and 95% limits of agreement between repeats were between
-1.53mm? and 1.23mm?, whereas the mean difference for NaFl was -0.30mm? and 95%

limits of agreement between repeats were between -3.03mm? and 2.43mm?.

Figure 4. Intra-observer Analysis LG. Bland-Altman plots for lid wiper epitheliopathy

area of staining using 2-drops of LG at the 3 minute observation time point

Figure 5. Intra-observer Analysis NaFl. Bland-Altman plots for lid wiper epitheliopathy

area of staining using 2-drops of NaF]I at the 3 minute observation time point

Figure 6. Inter-observer Analysis LG. Bland-Altman plots for lid wiper epitheliopathy

area of staining using 2-drops of LG at the 3 minute observation time point

Figure 7. Inter-observer Analysis NaFl. Bland-Altman plots for lid wiper epitheliopathy

area of staining using 2-drops of NaFlI at the 3 minute observation time point

4. Discussion

This study used a semi-automated method to compare the area of LWE tissue
staining on the upper eyelid with a controlled volume of LG and NaFI to identify the
optimal drop instillation and post-dye instillation viewing time. Values of area of lid wiper
stained with lissamine green are similar to other published values, albeit somewhat higher,
reflecting the fact that participants recruited for this study already showed LWE [8,9]. The
findings of this study suggest that for both vital dyes (LG and NaFl) repeat instillation (2-
drop) is necessary to reveal the full extent of LWE staining. Optimal viewing time is
critical for NaFI as clinicians need to wait 5 minutes if using 1-drop whereas a faster
observation time of 3-5 minutes can be achieved when using 2-drops. This, clearly
illustrates that assessment time is critical when making such clinical observations. In
agreement with these results, the latest TFOS DEWS II report recommends waiting 3-6 min

after repeat instillation using separate fluorescein strips when observing lid wiper
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epitheliopathy [27]. Similarly, this research showed that when using 2-drops of LG,
optimal observation can occur between 1 and 5 minutes. This is also in agreement with the
recommendation included in the latest TFOS DEWS II report that suggest that when using
a strip wetted with 1 drop of saline observation should occur after between 1 and 4 minutes
[27]. Based on these findings, to make efficient use of clinical time 1-minute observation
time is recommended for LG and 2-drop instillation when viewing LWE.

The use of a semi-automated software to detect and measure dye stained-eye
images offers superior guidance when compared to subjective evaluations of LWE.
Without attention to a specific protocol for staining of the lid wiper, LWE can be easily
underestimated and overlooked and with respect to research, difficult to compare results
across different studies. Prior to the present investigation there were currently no clear
guidelines to identify LWE (see Table 1). Wolffsohn et al. [31] found that eyecare
practitioners (ECPs) took 7 minutes, on average, to assess anterior eye health including
LWE evaluation suggesting that new evidence-based protocols are needed to ensure
clinicians do not overlook signs of ocular discomfort within the time-constraints of clinical
practice [31]. There have been conflicting reports to discern whether LWE is a true
pathology or an acceptable physiological variation of the lid wiper, [6,32] possibly due to
variations in assessment of LWE. Given the recommendation by TFOS DEWS II to
evaluate the lid wiper area for insult and the possible linkage to DED, a consistent and
reliable approach is indicated [27,32].

In 2005, Korb et al. [1] gave possible reasons why LWE had gone unnoticed for
such a long time in research and clinical care. First, eyelids are unlikely to be everted
during routine anterior segment evaluations. Second, when eyelids are everted, the lid
margins are generally not inspected (instead, visual attention is typically directed to the
tarsus). In 2015 Wolffsohn et al. [31], surveyed worldwide ECPs and found that only 26%
of respondents evaluated LWE. Third, LWE requires vital dye staining to show
compromise of the tissue, but vital dye staining prior to lid eversion is uncommon in
practice, and when it is used, the most common approach is to use paper dye impregnated
strips that deliver an inconsistent amount of dye to the eye, which may or may not be

adequate. Fourth, the time of the vital dye to adsorb affected tissue may be a critical
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component [1]. The current study was focused on the third and fourth factors. A similar
study looked at how the timing of clinical inspection can influence findings when using
NaFl in observations of the tear meniscus and found that too much delay in making
observations with NaFI can yield misleading results due to a reduction in the clinical
presentation [33]. The data presented here suggest that making observations without
sufficient dye instillations may similarly not yield the full extent of LWE.

Of interest is the usage of automated or semi-automated methods to quantify
staining. Previous staining technique protocols have been developed based on subjective
grading by human observers. Recently, Kunnen et al. [9] used a semi-automated method
and noticed that human observers underestimate the width and overestimate the height of
LWE[10]. Although computer image analysis may not be feasible in clinical practice
presently, it should be considered where LWE staining is a variable in a research study.
Semi-automated methods have the ability to derive results which can inform clinical
practice. The present study evaluated intra-observer and inter-observer repeatability using
a semi-automated method. Interestingly, the greatest variability, shown by the spread of the
95% limits of agreement, was observed between observers (i.e. inter-observer) when
evaluating LWE using NaFl. Clinicians need to be aware that NaF] stains much of the
upper lid tarsus and can be visually distracting when clinically evaluating LWE. Thus, it
was not surprising to find less agreement during the NaFL Bland-Altman analysis. As
noted by Efron [6], recent investigations have increasingly used LG only over NaFI as the
preferred dye. Yet, this is the first study to justify the superior capabilities of LG in terms
of agreement between observers. Evidence gained from semi-automated methods has
helped in highlighting critical clinical aspects to support clinicians and researchers grading
and assessing the lid wiper region. It has been noted that LWE grading in its present form
may not be able to discriminate minute changes at the lid margin which could partly
explain the variability of previous work [34]. This would be an impetus for the use of
computer assisted assessment tools as was done in this study. Future work should
additionally focus on the development of grading scales to assess LWE optimally.

It is worth noting that the present study used a pipettor for the application of vital

dye in comparison to the more widely used paper-impregnated strips in clinical practice.
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The pipettor was used to ensure repeatability of dosage. 10uL of LG was previously shown
to have good inter-observer reliability when compared to doses of 5 and 20uL [28]. A
concern when using paper strips is potential variability when using various product brands.
A 2018 study found significant differences in comparing four different brands of LG-strips
[35]. It has been suggested that in clinical trials, dye concentration, volume and duration of
contact to the ocular surface is critical in determining damage [36]. Inadequate volume and
concentration can result in a weak staining pattern that can be underestimated [36].
Additionally, in research pipetted volumes (even when paper-impregnated strips are used)
can lead to more reproducible findings [36].

Careful considerations were made regarding optimal experimental design to
investigate all factors. Currently, no longitudinal data exist for appearance of LWE. Thus,
comparing dosages at different time points might have introduced bias to the results. As it
was critical to ensure baseline LWE remained stable, testing on separate days was
considered inappropriate as the potential variability of LWE measurements could introduce
a confounding factor in the study. As a result, all measurements were taken in a single visit
with sequential staining in each eye, allowing for a 20-25 minute interval between the 1-
drop and 2-drop conditions. It has previously been reported that LG staining fades rapidly
after 4 minutes [28] and the interval used in this study largely exceeded the optimal
viewing times recommended in the TFOS DEWS II report [27]. This caveat needs to be
taken into consideration in future investigations. The order of dye/dosage instillation was
not randomized to allow for maximum clearance of dye. In addition, the same order of
drops was used in every subject and the RE (LG staining) was always tested before the LE
(NaFl staining). The investigator was aware of which eye was being graded but the semi-
automated assessment would have minimized any bias in the results. The upper eyelid was
chosen for the present work as it may be more related to symptomatology in clinical care
and the cause of upper- and lower-lid LWE may be from different etiologies [7,32,37,38].
Participants were instructed to blink normally between dye instillations in an attempt to
allow for spontaneous blinking and prevent voluntary blinking. This process afforded dye

uptake and not excessive dye clearance.
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Shaw et al. recently reported that repeated eversion of the upper eyelid increases
LWE when using LG [39], thus, suggesting a potential link between eyelid manipulation
and staining in LWE. However, it is worth noting significant differences between the
present study and this work. First, the fact that Shaw et al. did not control the volume of
LG instilled and secondly the fact that nine eversions (9 x 15 seconds) were carried out
with 3 minute breaks [39]. In contrast, the present study controlled the delivery of LG,
included a total of 6 eversions per eye and allowed a longer interval between eversions.
Shaw et al. reported a continuous increase in LG area of staining which could have been
impacted by repeated instillations of dye with every eversion (i.e. LG was instilled 9 times
and could have contributed to an increased measurement of LWE) [39]. As shown in
Figure 3, the present data show a decline in the area of LG staining for both 1-drop and 2-
drop instillations at the 5 minute time point. Finally, it is also worth noting that the
participants included in Shaw et al.’s work had no initial LWE and were predominantly of
Asian background. In contrast, the present study enrolled participants with known LWE
and were predominantly Caucasian. As Shaw et al. pointed out, Asian eyelids have
different geometries and have been reported to have increased LWE [39]. Future
investigations should further evaluate the role of ethnicity on LWE.

The grading scales used by Korb et al. require clinicians to mentally measure lid
wiper staining in two dimensions while removing the line of Marx [1,4,5]. Korb’s process
was initially based on an estimated linear distance of LWE (measured in mm), scaled to a
0-3 score and then averaged for two dyes [5]. Years later, the process evolved to use dyes
in combination with a grading approach that averaged horizontal length of LWE with
sagittal width of LWE [4]. A mental process, like this, is challenging and may contribute to
difficulty and inconsistency when making clinical observations and assessments of severity.

A consistent and more precise methodology to examine LWE can facilitate meta-
analyses and help identify the role (if any) that LWE plays in DED. For the use of LG and
NaFl, two drops are recommended in order to fully and efficiently reveal LWE. When 2-
drops of the respective dyes are instilled, LG-stained eyes can be examined after a 1-minute

wait, whereas 3 to 5 minutes are needed for NaFI.
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7. Figure Legend
Figure 1. Area of lid wiper epitheliopathy (LWE) staining showing: a) Area of LWE
staining using LG before semi-objective processing, b) Area of LWE staining using LG
staining after semi-objective processing, ¢) Area of LWE staining using NaFI before semi-
objective processing and d) Area of LWE staining using NaF] after semi-objective

processing.
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Figure 2. Staining area (mm?) 1, 3, and 5 minutes following instillation of lissamine green

(LG). Values presented are mean + standard error.
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Figure 3. Staining area (mm?) 1, 3, and 5 minutes following instillation of sodium

fluorescein (NaFl). Values presented are mean + standard error.
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Figure 4. Intra-observer Analysis LG. Bland-Altman plots for lid wiper epitheliopathy
area of staining using 2-drops of LG at the 3 minute observation time point (ADCIS system
by same investigator with the same images at initial processing and 6 months later). The
solid line shows the mean difference between repeats (-0.10 mm2) and the dashed lines

show the 95% limits of agreement (-1.10 to 0.89 mm2). LG, lissamine green.
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Figure 5. Intra-observer Analysis NaFl. Bland-Altman plots for lid wiper epitheliopathy
area of staining using 2-drops of NaFI at the 3 minute observation time point (ADCIS
system by same investigator with the same images at initial processing and 6 months later).
The solid line shows the mean difference between repeats (-0.20 mm2) and the dashed lines

show the 95% limits of agreement (-1.67 to 1.28 mm2). NaFl, sodium fluorescein.
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Figure 6. Inter-observer Analysis LG. Bland-Altman plots for lid wiper epitheliopathy
area of staining using 2-drops of LG at the 3 minute observation time point (ADCIS system
with a new investigator with the same images at initial processing and 6 months later). The
solid line shows the mean difference between repeats (-0.15 mm2) and the dashed lines

show the 95% limits of agreement (-1.53 to 1.23 mm?2). LG, lissamine green.
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Figure 7. Inter-observer Analysis NaFl. Bland-Altman plots for lid wiper epitheliopathy
area of staining using 2-drops of NaFI at the 3 minute observation time point (ADCIS
system with a new investigator with the same images at initial processing and 6 months
later). The solid line shows the mean difference between repeats (-0.30 mm2) and the
dashed lines show the 95% limits of agreement (-3.03 to 2.43 mm?2). NaFIl, sodium

fluorescein.
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