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Abstract

Purpose: To validate a semi-objective method of grading lid wiper epitheliopathy (LWE) compared to
subjective assessment.

Methods: Twenty upper and 20 lower eyelid margins of patients with LWE were photographed after
instillation of fluorescein and lissamine green. The images were graded by two observers using a 0-3
grading scale for height (%) and width (mm) of the lid staining. The images were also processed using
custom designed software in MATLAB. After manual delineation of the staining area, width and
perpendicular height were automatically measured throughout the selected area. The height as a
proportion of the lid margin width and width measures were then categorized into the same bins as in
the grading scale.

Results: Repeatability of the image analysis system showed a mean difference (95% limits of agreement)
between repeats of -0.01mm (0.03 and -0.05mm) for LWE height, 0.04mm (1.16 and -1.08mm) for LWE
width, and -0.11mm?(0.32 and -0.53mm?) for LWE area. The mean difference (95% limits of agreement)
between image analysis and human grading for LWE height was -0.84 grades (0.54 and -2.21 grades), for
LWE width was 0.31 grades (1.22 and -0.59 grades), and for the final grade (mean height and width) was
-0.26 (0.44 and -0.96 grades) (all p<0.001).

Conclusion: Human observers tend to overestimate the height and underestimate the width of LWE
staining. Lid wiper region is not well defined, thus, it might be a difficult process for human observers to

judge the stained region as a proportion of the lid wiper total region.
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1. Introduction

Lid wiper epitheliopathy (LWE) is an alteration of the marginal conjunctival epithelium of the upper or
lower eyelid [1,2]. LWE is believed to be caused by mechanical trauma of the lid wiper area with the
ocular surface, as a result of insufficient lubrication [3—7]. LWE has received increased attention in the
last few years, due to its reported association with symptoms and ocular dryness during contact lens

wear [3-5,7-10], as well as its relationship with aging [2].

Currently, the most common way to assess LWE [7] is with the use of lissamine green [11,12] or with a
mixture of fluorescein and lissamine green [1,2,4,13-15] in combination with a subjective grading scale
[3]. The most common grading scale used to assess LWE [1-3,5,6,9,10,16,17] incorporates the average

between the height and the width grade of the stain on the eyelid margin.

Subjective grading depends highly on the ability and accuracy of the clinician to make judgments about
the condition in light of its severity and complexity [18]; when the observer has to grade two features
(height and width), errors can occur while grading each of these aspects and in how they combine them,
which can result in high variability. This limits the value in clinical studies due to factors such as the need
for larger sample sizes. Only one paper has attempted to analyse LWE using image analysis, however it
reports only the area following manual outlining of the lissamine green staining on the lid marginincluding

the line of Marx [19] which is not considered to be part of LWE [3].

The purpose of this study was to validate a semi-objective method of grading LWE compared to

subjective assessment.



2. Methods

The study was approved by the Institutional Research Board of the University of Houston and was
carried out in accordance with the guidelines of the Declaration of Helsinki. All participants who had
previously been screened for the presence of LWE, gave informed consent prior to enrolment and were

aged between 23 and 60 years of age (mean + SD: 34.5 + 11.9) at the time of enrolment.

2.1 Subjective grading

Twenty upper and twenty lower eyelid margins were photographed after instillation with a solution of
2% fluorescein and 1% lissamine green (compounded ophthalmic drops - Greenpark Compounding
Pharmacy, Houston, TX). Two drops of each ~20 ul were instilled in the conjunctival sac approximately 5
minutes apart. Images were captured 1 minute after the second drop was instilled. The 40 images were
selected from 116 images of a larger study to encompass the full range of LWE grades (final score >1).
and the images were graded by two masked experienced observers using the 0-3 grading scale for
height (%) and width (mm) of the lid staining as represented in Table 1 [3]. Images were presented on a
TV screen and settings were kept constant while both observers graded the images separately. For each
image, the LWE height was estimated by the observers as a proportional staining height relative to the
anatomical lid wiper region, as described by Korb et al. [3,5]. The observers then graded the absolute
width of the staining. An average of the height and width grading was calculated as the final score,
rather than imposing an integer scale on the data in this study. An average final score of the two

observers was used in the analysis.

Table 1. LWE grading scale for height (%) and width (mm)[3,5].

Grading  Height (%) Grading Width (mm)

0 <25% of the lid wiper height 0 <2

1 25 - <50% of the lid wiper height 1 2-4



2 50 - <75% of the lid wiper height 2 5-9

3 >75% of the lid wiper height 3 >10

2.2 Objective Measurement

The same 40 images were also processed using custom designed software in MATLAB (Figure 1). After a
region of interest of 12.1 x 21.2mm was selected, the staining area was manually selected by the
operator and after delineation automatically masked by transforming it to a black and white image. The
operator then manually selected evenly spaced points throughout the masked area. The system
automatically drew a spline interpolation curve between the manually selected points and at each
midpoint between two adjacent points on the spline curve a perpendicular bisector to the spline was

calculated.




Figure 1. Process of the image with the algorithm; Original image (A). A region of interest of 12.1 x
21.2mm was selected (B). Manual selection of the staining area (C). Masking of the staining area (D).
Manual selection of points throughout the masked area (E). Automatic spline interpolation curve was
placed between points and at each midpoint between two adjacent points on the spline function, the

perpendicular bisector to the spline was calculated (F).

2.3 Data extraction
The height of the staining area for each line was calculated and an average of the height (mm) was used

for analysis. The length of the spline curve was used as the width of the staining area (mm).

In some images, the staining area was spread out as several ‘patches’ (Figure 2). In those cases, each of
the staining areas were analysed and a total LWE width (mm) and the overall average height (mm) was

used in the analysis.

To make comparisons between the image analysis outcomes and the subjective grading, it was
necessary to calculate the height of the LWE as a proportion of the individual lid wiper region. The
anatomical lid wiper region was manually computed by measuring the height of the lid wiper area at
three locations, approximately 1.5 mm apart, in the centre of the eyelid (Figure 3). The final relative LWE

height was calculated by the mean LWE height divided by the average individual lid wiper area height.



The height and width measures were then categorized into the same bins (grade 0-3) as described in the
grading scale [3]. The LWE area (mm?) was calculated from the number of white pixels (representing the
LWE area). This was done by multiplying the surface area of 1 pixel with the total number of pixels in the
LWE area. To test repeatability of the objective measurement technique, 40 images (20 upper and 20
lower eyelids) were reanalysed on a separate occasion two months after the original analysis by the

original investigator, masked to the original readings.

Figure 2. Example of two LWE ‘patches’ (circled in green).



Figure 3. Example of the measurement of the anatomical lid wiper region at three locations,

approximately 1.5 mm apart, in the centre of the eyelid (circled in green).

2.4 Statistical analysis

Bland-Altman plots for absolute staining area height and width were used to examine repeatability of
the objective measurement technique. The mean of the difference between replicates + 1.96 SD of the
differences represents the 95% limits of agreement. Bland-Altman plots were also used to test the
repeatability of the lid wiper area height. Student t-tests were used to compare the normally distributed
(Kolmogorov-Smirnov test) upper and lower height and width LWE staining. Bland-Altman plots
comparing the height and width measures image analysis outcomes with the average score of the 2
observers were used to examine grading accuracy. Comparisons between height, width and final grade
between the image analysis and subjective grading were made using Wilcoxon Signed Ranks Tests.
Correlations between the final subjective grade and the relative proportion of LWE were made using

Spearman Rank correlation analysis.



3. Results

3.1 Subjective grading

The mean + standard deviation (SD) of the final LWE scores of the twenty upper and twenty lower
eyelids are shown in Figure 4. The average SD of LWE by the two observers was 1.98 grades (range: 1.00
- 3.00). For LWE height and width the average standard deviation was 1.94 grades (range: 1.00 - 3.00)

and 2.01 grades (range: 0.50 - 3.00), respectively (data not displayed).
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Figure 4. Mean observed final LWE score in each of the 20 images for the lower and upper eyelid from
two observers (Error bars = 1 SD). Order of images are presented in terms of severity from low to

severe.

3.2 Absolute Image Analysis Results
The mean absolute LWE height (mm) measured with image analysis was not significantly different
between the lower and the upper eyelid (0.27 + 0.06 vs. 0.30 £ 0.13, p = 0.27) (Figure 5A). However,

when the LWE height was calculated as relative proportion to the lid wiper area height, a significantly



larger staining height for the lower eyelid was observed (46.33+11.94 vs. 32.89+12.92, p = 0.002) (Figure
5B). LWE width and LWE area were not significantly different between the lower and upper eyelid
(10.76 £ 5.50 vs. 10.20 + 4.39, p =0.72 and 3.00 + 2.01 vs. 3.36 + 2.60, p = 0.62, respectively) (Figure 5C
and D). The average anatomical lid wiper region height (Figure 3) of the lower eyelid was 0.59 + 0.07

mm, whereas the average lid wiper of the upper eyelid was 0.92 + 0.13 mm.

Image analysis showed that in more than half of the eyelids LWE was distributed over 2 or more areas,
or ‘patches’ (Figure 6). For the lower eyelid, the staining was in 1 or 2 patches, whereas for the upper

eyelid the staining area was distributed over 3 or more ‘patches’ in some cases.
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Figure 5. Absolute image analysis results: mean absolute staining height (mm) for the lower and upper
eyelid (A); Mean relative proportion of staining to the lid wiper area (%) (B); Absolute width of the
staining area (mm) for the lower and upper eyelid (C); Absolute area of staining (mm?) for the lower and

upper eyelid (D).
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Figure 6. Distribution of staining areas (‘patches’) per eyelid.

3.1 Image analysis repeatability

The Bland-Altman plots in Figure 7A, B and C show the repeatability of the image analysis for the
absolute staining area height, width and LWE area. The mean difference between repeats for the height
was -0.01 mm and 95% limits of agreement were between 0.03 and -0.05 mm. The mean difference
between repeats for the width was 0.04 mm and 95% limits of agreement were between 1.16 and -1.08
mm. The mean difference between repeats for LWE area was -0.11 mm? and 95% limits of agreement

are between 0.32 and -0.53 mm>.



HEIGHT WIDTH
0.10 2.0
. 008 15
T2 SOy @--—mmmmmmmmmmmmmeeo— -
E oo0s 1.0 S *
= = ¢ @
% 003 TTTTTTTC ,‘;""0““"‘ ““““ E 05 * *” .
=
£ oo o 2% %, £ o —%‘Q S 03
g 00 G'M 04 0% 08 || 3 0 *5 PRSI 2 ® % 25
£ 003 Py " * g 0.5 > P *
S 005 bmmmmn- o Q-’ ----- S Ll € 0 L .. & ____.
0.08 S s *
0.10 2.0
Mean height (mm) A Mean width (mm) B
LWE AREA

Difference LWE area (mm2)
S O o
s~ N O
8

o>

=

3

%
L ‘
L 4

od

d

S

Mean LWE area (mm?)

Figure 7. Bland—Altman plots for LWE height (A), width (B) grade, and LWE area (C) between repeats.
The solid line shows the mean difference between repeats, the dashed lines show the 95% limits of

agreement.

3.3 Comparison of subjective grading vs image analysis

The median and interquartile range (IQR) for LWE height, width and final grade is shown in Table 2. The
absolute height, width and final values from objective measurement system were transformed into
grades (using the bins described by Korb et al. [3,5]) to be able make comparissons with the subjective
grades. The LWE height was graded significantly higher than the height measured with image analysis (p
<0.001). The LWE width however was graded significantly lower than the width measured with image
analysis (p <0.001). This resulted in a significantly higher subjective final grade than final LWE measured
with image analysis (p <0.001). This was also shown in the Bland-Altman plots in Figure 8A, B, and C. The

mean difference between methods for the height was -0.84 grades and 95% limits of agreement were



between 0.54 and -2.21 grades. The mean difference between methods for the width was 0.31 grades
and 95% limits of agreement were between 1.22 and -0.59 grades. The mean difference between
methods for the final grade was -0.26 grades and 95% limits of agreement were between 0.44 and -0.96
grades. Also presented in Table 2 is the coefficient of repeatability (COR) for the image analysis grades.
The COR for LWE height, width and final grade was 0.69, 0.43, and 0.41 respectively. Subjective grading
was performed once by two observers in this study. The variability between observers for height, width,

and final grade was 1.08, 11.12, and 0.76 respectively.

Table 2. Median and interquartile range (IQR) of the height, width, and final grade for image analysis

and subjective grading. Significance was set for p <0.05.

Image Analysis Subjective Grading
Median IQR Median IQR 4 p value
Heigh -3.57
t 1.00 1.00-1.00 2.00 1.50-2.50 <0.001
Width 2.50 2.00-3.00 2.00 1.50-2.75 -4.93 <0.001
Final 1.75 1.50-2.00 2.00 1.50-2.25 -3.84 <0.001
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Figure 8. Bland—Altman plots for LWE height (A), width (B), and final (C) grade between image analysis
and subjective grading. The solid line shows the mean difference between methods, the dashed lines

show the 95% limits of agreement.

3.4 Correlation between final grade and the relative LWE area
Correlation analysis show that the subjective final grade (average between 2 observers) was strongly
correlated (R?= 0.68, p <0.001) with the LWE area (created with image analysis) (Figure 9) with a linear

analysis and more strongly with a quadratic (R = 0.77, p <0.001).
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Figure 9. Correlation between the final subjective grade (average of 2 observers) and the LWE area

(mm?) calculated with image analysis.

4, Discussion

This study built on the previously reported semi objective image analysis of the LWE [19], providing data
on height, height relative to the lid margin width, and width as well as area. The LWE area found in this
study was very similar to the area of upper lid LWE reported with the previous methodology [19]. This
semi-automatic image analysis system developed proved to be highly repeatable and hence a step
towards truly automated objective grading of LWE. However, issues remain such as how to subtract the

Marx line and how to cope with the often observed patches of LWE along the lid margins.[20]

This study found that human observers tend to overestimate the height and underestimate the width of
LWE staining when comparing their grading with a semi-automatic image analysis system. A larger
variance between automatically generated and the subjective height grades was observed compared to
the absolute width grade, which may indicate that the height staining relative to the lid wiper area
height is a more challenging task than grading the absolute width grade of the staining. One of the

explanations might be that the lid wiper region is not well defined, thus, it might be a difficult process



for human observers to judge the stained region as a proportion of the lid wiper total region. Staining
can also be spread across several sections on the eyelid, and ‘interpreting’ (and mentally adding) those
areas together to assess the overall LWE width may be a challenging subjective task. Even improving on
grading by averaging relative height and width ‘bins’ rather than making them a combined integer, the
95% confidence interval compared to subjective grading is nearly 1 unit of the 4-point scale (25%) [21]
compared to just 10.7% with repeated image analysis for width, 13.8% for height, and 13.0% for area
measures. It is also interesting to note the quadratic fit of subjectively grading LWE compared to
objective image analysis, which has been observed before with some grading scales [22], caused in this
case by the increasing width bands (2mm between grades 1 and 2; 3mm between grades 2 and 3; 5mm
between grades 3 and 4) with increasing grade. Although the final subjective grade is higher, the
correlation between the LWE area by image analysis and final subjective grade is strong, giving validity

to the objective grading methodology.

A previous study found the prevalence of lower LWE was greater than upper lid LWE [2], but that does
not fit with the theory that LWE is caused by friction of the lid against the ocular or contact lens surface
and hence should be greater on the upper lid which travels more with each blink. However, recent
modelling by Pult and colleagues [23] suggests that once the resting friction is overcome, the speed of
the upper lid blink results in aqua-planning with minimal friction for the rest of the blink motion. The
LWE height between the upper and lower lids were similar in this study, so it is the reduced margin
width of the lower compared to the upper lid that results in the relative percentage LWE height being

greater for the lower lid.

In conclusion, human observers tend to overestimate the height and underestimate the width of LWE
staining when compared to a semi-objective technique. The lid wiper region is not well defined, thus, it

might be a difficult process for human observers to judge the stained region as a proportion of the lid



wiper total region. Staining can also be spread across several sections on the eyelid, and ‘interpreting’

those areas together to assess the LWE width may be a challenging task. Further studies are needed to

determine which aspects of LWE such as patches, height, relative height, width and even intensity,

correlate best with clinical problems such as discomfort and complications.
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