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Abstract

Purpose: The inter-session repeatability (ISR), inter-examiner reproducibility (IER)
and within-subject variability (WSV) of the Cobra HD fundus camera meibographer
were examined in participants with and without dry eye symptom:s.

Methods: Symptoms were determined based on Ocular Surface Disease Index
scores (=13 being considered symptomatic), and subgroups were compared using
the Mann-Whitney U-test. Images of meibomian glands (MGs) from the upper
and lower right eyelids were captured by two examiners on the same day (S1) to
determine IER. One examiner repeated the measurements on a second day (S2) to
obtain the ISR. ISR, IER and WSV were calculated using Friedman, correlation tests
and Bland and Altman analyses with mean differences (md) and 95% confidence
intervals (Cls), within-subject standard deviations (Sw) and intra-class correlation
coefficients (ICC).

Results: The ISR experiment included 72 participants (mean age: 23 +5years,
range: 19-43, 36 symptomatic). Mean MG loss of the upper (S1: 13.5+9.5%, S2:
12.8£8.5%) and lower eyelids (S1: 7.5+6.9%, S2: 7.3 +6.3%) was not significantly
different between sessions for all participants, symptomatic and asymptomatic
subgroups for both eyelids. The ISR Sw for the upper and lower eyelids was 1.3% and
1.0%; md was 0.7 +3.5% (Cl:—6.25% to 7.62%) and 0.1+2.1% (Cl: —3.94% to 4.17%),
respectively. The IER experiment included 74 participants (mean age: 23 +5years,
range: 19-43, 37 symptomatic). Mean MG loss of the upper (Examiner 1: 12.7 + 8.2%,
Examiner 2: 13.1£8.0%) and lower eyelids (Examiner 1: 7.0+6.2%, Examiner 2:
7.4+ 6.2%) was not significantly different between examiners for all participants,
symptomatic and asymptomatic subgroups for both eyelids. The IER ICC values
were >0.86 for all conditions, Sw was 1.3% and 1.2%, with a md of —0.4+3.2% (Cl:
—6.65% to 5.90%) and —0.4+2.9% (Cl: —6.15% to 5.31%), respectively. The WSV Sw
values were <1.4%, and ICC values were >0.89 for both eyelids, examiners and
experimental sessions.

Conclusions: The Cobra HD fundus camera demonstrates good repeatability,
reproducibility and low WSV, and is a reliable clinical instrument for meibography.
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INTRODUCTION

Meibomian glands (MGs) are large sebaceous glands lo-
cated in the upper and lower tarsal plates of the eyelids.’
MGs secrete meibum that forms the outer lipid layer of
the tear film and reduces tear evaporation.>> Meibomian
gland dysfunction (MGD) is a chronic, diffuse disorder of
the MGs, commonly characterised by terminal duct ob-
struction, as well as qualitative or quantitative changes in
the MG secretion.” MGD may alter the tear film and cause
eye irritation, clinically apparent inflammation and ocular
surface disease, such as evaporative dry eye.*

Meibomian gland dysfunction diagnosis includes an as-
sessment of symptoms, gland function and morphology.
Function is assessed by the meibum quality and express-
ibility while morphology includes an evaluation of the
MGs and eyelid margin abnormalities.” Gland morphology
can be evaluated using meibography, which is integrated
into several types of technologies, including confocal mi-
croscopy, optical coherence tomography (OCT) and non-
contact infrared photography. The confocal technique
requires contact with the eye, potentially resulting in pa-
tient discomfort.® The OCT does not include the entire MG
area within a single image,” and is a costly instrument.?
Noncontact infrared meibography is available as an at-
tachment to the routinely used corneal topographer and
fundus photographic equipment. Therefore, this is a more
practical option for the screening and follow-up of MGD
patients.6'9

Infrared meibographers allow observation'® and in vivo
evaluation of the MG morphology," which is useful for
both documentation and follow-up.?

Several noncontact infrared meibographers are cur-
rently available. The OCULUS Keratograph 5 M (OCULUS,
Inc., us.oculus.de)'’ employs ImageJ software (image;j.
nih.gov) for general image analysis to provide the area
of a zone marked by the user.'” The examiner marks the
zones of the everted eyelid and the MGs, and the soft-
ware provides the area of each zone. The examiner sub-
sequently calculates MG loss by subtraction.'”? However,
the two manual steps in this procedure can introduce
substantial examiner bias." Despite this, the OCULUS
Keratograph 5 M has been reported to have good inter-
examiner reproducibility (IER; mean difference between
examiners of 0.08 £0.55 and 0.13 +0.50 grade units in two
separate sessions, respectively) with low within-subject
variability (WSV; 95% limits of agreement for two differ-
ent examiners of —1.02 to +1.10 and —1.27 to +1.09 grade
units, respectively).13

Alternatively, the Cobra HD (csoitalia.it) nonmydriatic
digital fundus camera' uses Phoenix semi-automated
software, which is specially designed for MG analysis'
and employs a ‘vectorised’ tool with Beziers curves that
adapt rapidly to the eyelid shape.”” Thus, the Phoenix
semi-automated software is both quicker and better than
the rough segmentation obtained with ImageJ free-hand

Key Points

« The mean difference between the two
examiners and measurements taken at two
different time points using the Cobra HD fundus
camera meibographer was small.

« Meibomian gland loss in the upper eyelid was
positively correlated with that seen in the lower
eyelid, and while significantly more loss was
found in the upper eyelids, there was no signifi-
cant difference between the symptomatic and
asymptomatic subgroups.

« The Cobra HD fundus camera meibographer
demonstrated good repeatability, reproducibil-
ity and low within-subject variability, making it a
reliable clinical instrument.

selection.”” The Phoenix software requires that the exam-
iner mark the area of the eyelids and the location where
the glands are observed, while the software subsequently
calculates the percentage of MG loss.”” Nevertheless, ex-
aminers may vary in their identification of the borders of
the tarsus and MGs, leading to inter-observer variability.é'10

The Cobra HD meibographer has been used previ-
ously by at least four research groups in the evaluation of
MG morphology."">™" In most cases, the standard devia-
tions were quite high with respect to the mean measure-
ment.”™" Pult" examined the relationship between age,
sex and dry eye, and MG loss was quantified using the
Cobra fundus camera with the Phoenix software digital
grading tool in 112 participants. In the Pult study, the mean
MG loss for nondry eye vs. dry eye participants resulted in
very high standard deviations; 30+ 17% and 45+ 18%, re-
spectively. Similarly, another study of dry eye patients also
resulted in a high standard deviation,'® as was the case
for patients with Sjorgen syndrome."” By contrast, an ad-
ditional investigation of patients with dry eyes observed
low standard deviations (mean standard deviation for both
eyelids = 1.57%)."" If the high standard deviations previ-
ously found reflect instrument variability, then this can im-
pact the results and conclusions.'® Despite the widespread
use of the Cobra HD in research studies and the high stan-
dard deviations, the inter-session repeatability (ISR) and
inter-examiner reproducibility (IER) of this device have
not been examined. These outcomes are important when
determining the utility of instruments used in compara-
tive and observational studies, and clinical measurements
used to diagnose diseases such as MGD." Therefore, this
study investigated the ISR, IER and WSV of the Cobra HD
fundus camera meibographer using the Phoenix software
in participants who were considered either symptomatic
or asymptomatic for dry eye based on their Ocular Surface
Disease Index (OSDI) questionnaire scores.
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METHODS
Participants

Participants in this prospective study were recruited
through advertisements posted to the student body at
Hadassah Academic College (HAC). Those suffering from
systemic disease, ocular infection, ocular inflammation or
allergies were excluded, as were individuals taking medica-
tion that might affect ocular surface symptoms and clini-
cal characteristics (including MG). Pregnant or lactating
women were excluded. Participants up to 45years of age
were included to avoid age-related confounding effects
since age is a significant risk factor for MGD.?°%? Contact
lens wearers were also excluded as an association between
MGD and contact lens wear has been demonstrated.??

All examinations took place in the contact lens clinic at
the Department of Optometry, HAC, in a designated exam-
ination room. The methods were explained verbally and
participants signed a statement of informed consent prior
to their participation. The study conformed to the tenets of
the Declaration of Helsinki and was approved by the HAC
Internal Review Board.

Seventy-four participants were measured on the same
day by two examiners (Examiner 1, Examiner 2) to deter-
mine the IER. Of these, 66 were re-examined by Examiner 1
on a second date to calculate the ISR. An additional six par-
ticipants were examined by Examiner 1 on two different
dates. Their data were included with the 66 participants
described above, yielding a total of 72 participants in the
ISR experiment (Figure 1).

Inter-examiner
reproducibility 0SDI Symptoms
& N=37
Inter-session -
repeatability

N=74

participants

Inter-session
repeatability Symptoms
only osDl N=36

N=6 .

participants

FIGURE 1

Experimental procedures

Exclusion criteria were verified based on the medical and
ocular history. The OSDI questionnaire was administered
to the participants, as it is a widely used questionnaire for
dry eye clinical trials.?* Participants with OSDI scores >13
or <13 were classified as symptomatic and asymptomatic,
respectively.?*

The morphology of the upper and lower eyelids can
differ,?> and some studies have reported variations in
MG loss from the upper and lower eyelids in patients
with MGD.>"?5"%° Thus, this investigation compared
data from the upper and lower eyelids separately. MGs
of the right eyes of the participants were imaged using
the Cobra HD fundus camera meibographer, which in-
cludes a charge-coupled device high-resolution sensor
(2448 x 2051 pixels [5 MPixel]) and an infrared light emit-
ting diode at 850 nm." The upper and lower eyelids were
everted while the participant remained stable. After the
MGs were seen in focus, the examiner ensured that the
lacrimal points were visible and captured three con-
secutive images per eyelid such that the images were
of equivalent magnification. Thus, a total of six images
were measured for each participant. Examiners selected
and marked both the total area of the everted eye-
lid and the area containing MGs using the ‘vectorised’
tool with Beziers curves that conformed to the shape
of the eyelid (Figure 2). Then, the Phoenix software im-
proved the contrast'® and automatically measured the
percentage and grade of MG loss according to the mei-
boscale grading system'? based on Pult and Nichols.*

Time 1
st wsv N=66
_participants
Inter-examiner
reproducibility
x?D wsv
1-2 weeks
Inter-session
repeatability
Time 1 Time 2
x3 ) WSV 3
1-2 weeks .

Research process. Flow chart of the experimental procedures as described in the text. 74 participants were measured on the same

date by two different examiners (Examiner 1, Examiner 2) to determine the inter-examiner reproducibility. Of these 74 participants, 66 were re-
examined by Examiner 1 on a second date to calculate the inter-session repeatability (ISR). An additional six participants were examined only by
Examiner 1 on two different dates, and their data were included with the 66 participants described above, yielding a total of 72 participants in the
ISR experiment. Green arrows represent three consecutive measurements from the same participant that were used to determine within-subject
variability (WSV). The Ocular Surface Disease Index (OSDI) questionnaire scores classified participants into symptomatic (=13) and asymptomatic (no

symptoms, scores < 13).
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Meiboscale

Area of loss 8.9%

Meiboscale
Area of loss 28.3%

PN

Degree 0
-0%

FIGURE 2 Analysis of meibomian gland (MG) loss area by Phoenix software of the upper (left) and lower eyelid (right). Top images: Total MG area
measurement. Middle images: Region of interest containing MGs. Bottom images: Calculation of meibomian gland area loss (degree: 0-4, scale: 0%-100%).

This meiboscale characterises the percentage of MG loss
(0%-100%) such that 0, 1, 2, 3 and 4 represent no loss,
<25% loss, 26%-50% loss, 51%-75% loss and >75% loss,
respectively.'

Inter-session repeatability

As shown in Figure 1, participants in this substudy (N = 72)
were retested 1-2weeks after their initial experimental
session at approximately the same time of day in the same
designated examination room by Examiner 1.

Inter-examiner reproducibility

As shown in Figure 1, participants in this substudy (N = 74)
were measured by two examiners during the same experi-
mental session. Participants were measured in a counter-
balanced design. Thus, if Examiner 1 was the first to
measure the first participant, Examiner 2 was the first to
measure the second participant and so on. The examiners
were masked as to each other's findings.

Within-subject variability
The WSV was determined from three consecutive

measurements of the same eyelid captured by each
examiner.

Statistical analysis

Demographic data were evaluated using descriptive statis-
tics. The mean and standard deviation of the percentage of
MG loss from the participants' right eyes were calculated.
The normality of the outcome measures was assessed
using the Kolmogorov-Smirnov test. Data were analysed
for the entire sample, and for symptomatic and asymp-
tomatic subgroups separately. Differences between the
subgroups were examined for significance using a Mann-
Whitney U-test that was applied due to a data set that was
not normally distributed.

Differences between the upper and lower eyelids were
examined using correlation analysis and the Friedman test
due to a data set that was not normally distributed.

Differences were considered statistically significant
when p<0.05. Statistical analysis was performed with
Microsoft Office Excel (microsoft.com) and IBM SPSS
Statistics (version.27, ibm.com).

Inter-session repeatability and inter-examiner
reproducibility

The ISR and IER were compared using the Friedman test
due to non-normal distribution of the outcome measures
from the lower eyelids. Both repeatability and reproduc-
ibility were determined by calculating the square root of
the mean square within groups (Sw), the repeatability limit
that is determined by multiplying the Sw by 1.96V2 (2.77),
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which provides an estimate of the limits within which 95%
of measurements should lie.*"*? The intra-class correlation
coefficient (ICC) and the 95% confidence intervals (Cl) for
the ICC were used to determine the IER.>** The ICC ranges
from 0-1, with values closer to 1 representing better con-
sistency of measurements.>

Pearson's correlation was applied to normally distrib-
uted data, and Spearman's correlation was applied to
non-normally distributed data. The Bland and Altman
analysis®® was applied to data sets that were significantly
correlated. In this analysis, the differences between the
measurements of the two sessions or two examiners were
plotted against the mean measurement for each subject.
It is expected that 95% of differences fall within two stan-
dard deviations or less.>® The mean difference represents
the bias, which should be close to zero.?® The limits of
agreement represent the coefficient of repeatability®” for
all comparisons.

Clinically, measurements within 12.5% of one another
are considered to be identical, as this is half of the mini-
mum step size of 25% discriminating between the grades
of the meiboscale.*

Within-subject variability

The WSV was determined by calculating the standard de-
viation of three consecutive measurements, the Sw and
2.775w of the three consecutive measurements. In ad-
dition, the ICC values and the 95% Cls for the ICC were
reported.*

Sample size

Sample size was calculated per the formulae recom-
mended by McAlinden et al.’' for three repeated meas-
urements (as in this study). Sample sizes of 43 and 24
participants were required for confidence in the estimate
of 15% and 20%, respectively. Thus, with 72 participants,
the experiment was sufficiently powered. For the corre-
lation and Bland and Altman analyses, based on Cesana
and Antonelli*® for a power of 0.95, it was necessary to
measure 12 subjects for correlation coefficients of 0.85.
As our correlation coefficients were all >0.86 and there
were 72 pairs of measurements, this study was suffi-
ciently powered.

RESULTS
Inter-session repeatability

Seventytwo participants (mean age: 23.0 £ 4.5 years, range:
19-43, 57 female), 36 symptomatic and 36 asymptomatic
were recruited for the ISR experiment. The demographic
data of these participants are shown in Table 1.

The mean MG loss (%) from both sessions and both eye-
lids for all participants and the symptomatic and asymp-
tomatic subgroups are tabulated in Table 2. The MG loss
range was 0.6%-49.3% and 0.3%-33.7%, in the upper and
lower eyelids, respectively.

The MG loss of the upper eyelids was normally dis-
tributed, whereas the MG loss in the lower eyelids as
recorded by one examiner was not normally distrib-
uted. Therefore, Pearson correlation analysis was used
to determine the correlation in the upper eyelids, while
Spearman correlation analysis was used in the lower
eyelids. The MG loss of the upper and lower eyelids was
positively correlated (p <0.001 for all conditions, Table 3)
and not significantly different (Friedman test; Table 3,
upper eyelids, p = 0.11, 0.30, 0.32, lower eyelids, p = 0.81,
0.74, 1.00, for all participants, symptomatic and asymp-
tomatic subgroups, respectively) between the first and
second sessions.

Meibomian gland loss did not vary significantly be-
tween the asymptomatic and symptomatic subgroups
(Mann-Whitney U-test), for Examiner 1 (upper eyelids,
p = 0.23, lower eyelids, p = 0.21) or Examiner 2 (upper
eyelids, p = 0.22, lower eyelids, p = 0.20). The mean dif-
ference that represents the bias*® and limits of agree-
ments that represent the coefficient of repeatability®” for
all comparisons are tabulated in Table 3 together with
Sw and 2.77 Sw. The mean differences (md) between the
sessions were 1.20% and below for the entire cohort, as-
ymptomatic and symptomatic subgroups for both upper
and lower eyelids. 90.28% and 93.06% of the observations
fell within the limits of agreement, in the upper and lower
eyelids, respectively.

The Bland and Altman analysis is shown in Figure 3. Only
one participant had a difference between the measure-
ments >12.5% in the upper eyelids (99% of the participants
had differences in the measurements that were lower
than 12.5%), and none of the participants had differences
>12.5% in the lower eyelids.

Inter-examiner reproducibility
Seventy-four participants (mean age: 23.4x4.9years,
range: 19-43, 56 female), 37 symptomatic and 37 asympto-

matic (Table 4) were included in the IER experiment.

TABLE 1 Demographic data of participants in the inter-session
repeatability study

All
participants Symptomatic Asymptomatic
N 72 36 (50.0%) 36 (50.0%)
Female 57 (79.2%) 30 (83.3%) 27 (75.0%)
Meanage+SD  23.0+4.5 22.0+24 239+5.8
(years)
Agerange 19-43 19-30 19-43
(years)
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TABLE 2 Mean meibomian gland (MG) loss (%) in the first and second experimental sessions
Session 1 Session 2
Lower

Mean MG loss (%) Upper eyelid Lower eyelid Upper eyelid eyelid
All participants (N =72)

Mean+SD 13.5£9.5 7.5+6.9 12.8+8.5 7.3+6.3

Range 0.6-49.3 0.3-33.7 0.7-45.8 0.3-29.6
Symptomatic (N = 36)

Mean+SD 14.5+10.4 8.2+74 14.3+£9.7 8.0+£6.6

Range 1.8-49.3 0.3-31.1 1.8-45.8 0.3-28.6
Asymptomatic (N = 36)

Mean+SD 12.5+£8.6 6.7+6.4 11.3+6.9 6.7+59

Range 0.6-39.9 0.6-33.7 0.7-24.9 0.7-29.6

Note: Mean MG loss (%) in the first and second experimental sessions The table displays the means and standard deviations of the mean MG loss (%) measurements of
session 1 (left section) and session 2 (right section), as well as the range of measurements for the upper (first and third columns) and lower eyelids (second and fourth
columns), for all participants (upper rows), symptomatic participants (middle rows), and asymptomatic participants (bottom rows).

TABLE 3 Statistical outcome measures of inter-session repeatability

Mean difference (%)

Upper eyelid R p [Range]

All participants (N =72) 0.93 <0.001 0.68+3.54
[-9.93 to 14.97]

Symptomatic (N = 36) 0.95 <0.001 0.18+3.35
[-9.93 to 10.67]

Asymptomatic (N = 36) 0.91 <0.001 1.19+3.69
[-5.23 to 14.97]
Mean difference
(%)

Lower eyelid p p [Range]

All participants (N =72) 0.89 <0.001 0.12+£2.07
[-5.17 to 7.57]

Symptomatic (N = 36) 0.86 <0.001 0.27+2.12
[-3.33t0 7.57]

Asymptomatic (N = 36) 0.91 <0.001 —-0.04+2.04

[-5.17 to 4.13]

p Upper 95% CI lower 95% CI Sw 2.77 Sw
0.1 7.62 —6.25 1.26 3.50
0.30 6.75 —6.40 118 3.26
0.32 8.43 —6.05 1.34 3.72
p Upper 95% Cl lower 95% Cl Sw 2.77Sw
0.81 417 -3.94 1.04 2.88
0.74 4.42 —3.88 1.05 291
1.00 3.97 —-4.04 1.03 2.86

Note: The correlation coefficient (Pearson's R for upper eyelids and Spearman's p for lower eyelids, first column), p-value of the correlation analysis (second column),
mean difference between the first and second session measurements (third column), p-value of the Friedman test comparing between the measurements of the first
and second sessions (fourth column), upper (fifth column) and lower (sixth column) limits of agreement, the square root of the mean square within groups (Sw, seventh
column) and the repeatability limit within which 95% of the measurements should be (1.96+/2 [2.77 Sw], eighth column), of the measurements of the first and second

sessions.

The mean MG loss (%) measured in both eyelids by both
examiners for all participants and the symptomatic and as-
ymptomatic subgroups are tabulated in Table 5. The MG
loss range was 0.7%-45.8% and 0.3%-29.6%, in the upper
and lower eyelids, respectively.

The MG loss of the upper eyelids was normally distrib-
uted, whereas the MG loss of the lower eyelids was not nor-
mally distributed. Therefore, Pearson correlation analysis
was used to determine the correlation between the exam-
iners for the upper eyelids, while Spearman's correlation
analysis examined the relationship between the MG loss of

the lower eyelids of the two examiners. The MG loss of the
upper and the lower eyelids was positively correlated be-
tween the examiners for all conditions (p <0.001) and were
not significantly different (Friedman test; Table 6, upper
eyelids, p =0.32, 0.41, 0.14, lower eyelids, p = 0.10, 0.14, 0.40,
for all participants, symptomatic and asymptomatic sub-
groups, respectively).

The mean difference and limits of agreements for all
comparisons are tabulated in Table 6 together with Sw,
2.77 Sw and ICC values. The Bland and Altman analysis can
be seen in Figure 4. The md between the examiners were
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FIGURE 3 Bland and Altman analysis of inter-session repeatability (ISR). Bland and Altman plots of ISR, representing the mean difference in
meibomian gland loss in the upper and lower eyelids, for all participants and for symptomatic and asymptomatic subgroups. The grey line represents
the mean difference (bias), the black lines show the 95% limits of agreement, and dotted blue lines represent the trendlines fit to the data. Each data
point represents one participant. All values presented are in %. (a) Upper eyelid, all participants (b) Lower eyelid, all participants (c) Upper eyelid,
symptomatic participants (d) Lower eyelid, symptomatic participants (e) Upper eyelid, asymptomatic participants (f) Lower eyelid, asymptomatic

participants.

TABLE 4 Demographic data of participants in the inter-examiner
reproducibility study

:Ialrticipants Symptomatic Asymptomatic
N 74 37 (50%) 37 (50%)
Female 56 (75.7%) 31 (83.8%) 25 (67.6%)
Mean 23.4+49 22.5+3.5 24.2+59
agexSD
Age range 19-43 19-37 19-43

<0.72% for the entire cohort, asymptomatic and symp-
tomatic subgroups for both upper and lower eyelids. Of
the observations, 94.60% fell within the limits of agree-
ment in either eyelid. All participants had differences in

measurements between the examiners that were <12.5%
for both the upper and lower eyelids.

Within-subject variability

The WSV of the measurements of Examiner 1, for both
eyelids and sessions, had Sw values <1.27% and ICC values
>0.93 for all subgroups (Table 7), indicating low WSV. The
WSV of the measurements of Examiner 2, for both eyelids
and sessions, had Sw values <1.34% and ICC values =0.89
for all subgroups (Table 7), also indicating low WSV.
Mean MG loss in the upper and lower eyelids as mea-
sured by Examiner 1 during the first session were signifi-
cantly positively correlated for all participants (p = 0.57,
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TABLE 5 Mean meibomian gland (MG) loss (%) measured by both examiners
Examiner 1 Examiner 2
Lower

Mean MG loss (%) Upper eyelid Lower eyelid Upper eyelid eyelid
All participants (N = 74)

Mean+SD 12.7+8.2 7.0+6.2 13.1+£8.0 74%6.2

Range 0.7-45.8 0.3-29.6 0.5-39.7 0.2-27.7
Symptomatic (N = 37)

Mean+SD 14.4+£9.4 79+6.6 14.6+£9.0 8.0+£6.3

Range 1.8-45.8 0.3-28.6 0.5-39.7 0.3-27.7
Asymptomatic (N = 37)

Mean+SD 11.1+6.6 6.1£5.8 11.6+£6.6 6.8+6.1

Range 0.7-24.9 0.7-29.6 1.0-25.5 0.2-25.7

Note: Mean MG loss (%) measured by both examiners The table displays the means and standard deviations of the mean MG loss (%) measurements of examiner 1 (left
section) and examiner 2 (right section), as well as the range of measurements for the upper (first and third columns) and lower eyelids (second and fourth columns), for all
participants (upper rows), symptomatic participants (middle rows), and asymptomaticparticipants (bottom rows).

TABLE 6 Statistical outcome measures of inter-examiner reproducibility
Mean
difference (%)
Upper eyelid R p [Range] p Upper95%Cl Lower95%Cl Sw 2.77Sw  ICC[95%Cl]
All participants (N=74) 092  <0.001 —-0.37+3.20 032 590 —6.65 127 3.51 0.92[0.88-0.95]
[-12.47 t0 8.13]
Symptomatic (N = 37) 094 <0.001 -0.25+£3.20 0.41 6.02 —6.51 1.30 3.59 0.94[0.89-0.97]
[-8.00 t0 8.13]
Asymptomatic (N = 37) 0.88  <0.001 -0.50+3.24 014  5.86 —6.86 1.24 343 0.88[0.78-0.94]
[-12.47 t0 7.13]
Mean difference
(%)
Lower eyelid p p [Rangel] p Upper95%Cl lower95%Cl Sw 2.77Sw 1CC[95% Cl]
All participants (N=74)  0.82 <0.001 -0.42+292 0.10  5.31 -6.15 116 3.23 0.89[0.83-0.93]
[-10.27 to 7.53]
Symptomatic (N = 37) 0.77 <0.001 -0.12+2.68 014 513 -5.38 114 3.16 0.91 [0.84-0.96]
[-6.03 to 7.53]
Asymptomatic (N=37) 0.86 <0.001 -0.72+3.16 040 547 —-6.91 119  3.28 0.86 [0.74-0.93]

[-10.27 to 5.90]

Note: The correlation coefficient (R, first column), p-value of the correlation analysis (second column), mean difference between the measurements of the two examiners
(third column), p-value of the test comparing the measurements of the two examiners (Friedman test for lower eyelids, fourth column), upper (fifth column) and lower
(sixth column) limits of agreement, the square root of the mean square within groups (Sw, seventh column), the repeatability limit within which 95% of the measurements
should be (1.96v2 [2.77 Sw], eighth column) and the intra-class correlation coefficient values (ninth column) between the measurements of the two examiners.

p<0.001), symptomatic participants (p = 0.50, p = 0.002)
and asymptomatic participants (p = 0.60, p = 0.0003).

The relationship between the OSDI score (i.e., symp-
toms of dry eye) and mean MG loss for all subgroups was
examined using correlation analysis, as shown in Table 7.
Pearson's correlation was applied to the upper eyelids.
Spearman correlation was applied for the lower eyelids as
the data were not normally distributed. There was no sig-
nificant association between the OSDI score and mean MG
loss for most conditions.

DISCUSSION

This study examined the ISR, IER and WSV of the Cobra HD
fundus camera in participants who were classified accord-
ing to their dry eye symptoms. The mean MG loss in the
upper and lower eyelids showed significant positive corre-
lations between the first and second sessions and between
the two examiners. In addition, no significant difference
was found between the repeated measurements, in both
sessions and for both examiners, indicating good ISR and
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FIGURE 4 Bland and Altman analysis of inter-examiner reproducibility (IER). Bland and Altman plots of |ER, representing the mean difference in
meibomian gland loss in the upper and lower eyelids, for all participants and for symptomatic and asymptomatic subgroups. The grey line represents
the mean difference (bias), the black lines show the 95% limits of agreement, and dotted blue lines represent the trendlines fit to the data. Each data
point represents one participant. All values presented are in %. (a) Upper eyelid, all participants (b) Lower eyelid, all participants (c) Upper eyelid,
symptomatic participants (d) Lower eyelid, symptomatic participants (e) Upper eyelid, asymptomatic participants (f) Lower eyelid, asymptomatic

participants.

IER. The WSV of the measurements for both examiners,
both eyelids and sessions had Sw values of <1.34% and ICC
values >0.89 for all subgroups, indicating low WSV.

Clinical significance
For the Cobra HD fundus camera, MG loss was classified

using the meiboscale developed by Pult and Nichols,*® and
clinical treatment is based on the meiboscale grading.*® As

noted earlier, the step size between levels in this grading
scale is approximately 25%.>° Therefore, if there are differ-
ences between examiners or between sessions that are
equivalent to 25% or greater, then this would be a clinically
significant result. As such, in the present investigation, we
considered differences that were half that step size, i.e.,
12.5%, to be clinically insignificant.

The mean MG loss in the ISR and IER experiments for all
participants as well as the symptomatic and asymptomatic
subgroups was greater in the upper than the lower eyelid.
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TABLE 7
and mean meibomian gland loss

Upper eyelid

Statistical outcome measures of within-subject variability and correlations between Ocular Surface Disease Index questionnaire scores

Lower eyelid

Sw 2.77Sw 1CC [95% CI]
Examiner 1
Session 1
All participants 1.15 3.18 0.96 [0.94-0.97]
N=72)
Symptomatic 1.27 3.51 0.96 [0.93-0.98]
(N=36)
Asymptomatic 1.01 2.80 0.97 [0.94-0.98]
(N=36)
Session 2
All participants 117 3.25 0.97 [0.95-0.98]
(N =74)
Symptomatic 1.19 3.31 0.96 [0.93-0.98]
(N=37)
Asymptomatic 1.15 3.20 0.97 [0.95-0.99]
(N=37)
Examiner 2
All participants 1.29 3.57 0.93 [0.91-0.96]
(N=74)
Symptomatic (N = 37) 1.23 3.42 0.96 [0.93-0.98]
Asymptomatic (N=37) 1.34 3.71 0.89[0.81-0.93]

R

0.14

0.05

0.27

0.15

0.01

0.18

0.24

0.13
0.37

P Sw 2.77 Sw 1CC[95% ClI] P 14

0.25 1.04 2.89 0.95[0.92-0.97] 0.24 0.05
0.76 1.10 3.04 0.96 [0.93-0.98] 0.18 0.30
0.1 0.98 2.72 0.93 [0.89-0.96] 0.34 0.06
0.17 1.09 3.02 0.95[0.93-0.97] 0.26 0.02
0.94 113 3.13 0.96 [0.93-0.98] 0.16 0.35
0.25 1.04 2.89 0.94[0.89-0.97] 0.23 0.17
0.04 1.22 3.37 0.91 [0.87-0.94] 0.23 0.05
0.45 1.28 3.56 0.91 [0.86-0.95] 0.07 0.69
0.02 115 3.17 0.90 [0.83-0.94] 0.25 0.13

Note: The square root of the mean square within groups (Sw, first and sixth columns), and the repeatability limit within which 95% of the measurements should lie (1.96v2
[2.77 Sw], second and seventh columns), intra-class correlation coefficient (ICC) values (third and eighth columns) of the measurements, correlation coefficients (Pearson's
R for upper eyelids and Spearman's p for the lower eyelids, fourth and ninth columns), and p-values (p, fifth and tenth columns) of the correlations of the upper (left
section) and lower eyelids (right section) for each examiner are tabulated. Blue cells represent significant correlations.

This finding is similar to AlDarrab et al.,?® who reported MG

loss of 0.22+0.54% in the upper versus 0.14+0.35% in the
lower eyelids. This finding is also similar to Golebiowski
et al.”’ who reported MGD scores of 7.3+6.2 and 2.0+2.8
in the upper and lower eyelids, respectively. However, it
differs from the findings of Garduno et al."" who compared
MG loss quantified using the Cobra HD versus Antares de-
vices (csoitalia.it) in 80 participants with (N = 26) and with-
out evaporative dry eye (N = 54), based on the TFOS DEWS
Il classification criteria. They reported higher MG loss in the
lower compared with the upper eyelids for all subgroups
except the evaporative dry eye subgroup. These discrep-
ant findings may be due to differences in the age of the
cohorts in the two studies. The mean age in the present
investigation was 23years, ranging between 19-43years,
whereas the Garduno et al."" study cohort had a mean age
of 37years, ranging between 18-78years. Differences in
methodology could also account for the discrepant find-
ings. In the present investigation, lid eversion was achieved
manually. Conversely, as described in their discussion,
Garduno et al."" used a device to evert the eyelids. Thus,
the varying techniques may expose different areas of the
eyelids leading to discrepancies in the measurements.
Inter-examiner reproducibility of mean MG loss was bet-
ter for the upper than the lower eyelid, as the correlation
and ICC values were higher (Table 6). This is in accordance

with Dogan et al.,® who reported moderate to good agree-
ment between examiners for the upper eyelid and fair to
moderate agreement for the lower eyelid using the Sirius
(CSO, csoitalia.it) corneal topographer on 30 outpatient
clinic subjects. Differences in reproducibility values of MG
loss from the upper versus lower eyelids may be due to
the morphological diversity of the two eyelids.?> Although
lower eyelid evaluation appears to be more practical be-
cause of the ease of eversion, the excessive area over the
tarsus can be erroneously marked due to the laxity of the
lower eyelid in the free-hand tool.°

Despite the morphological variations of MGs in the
upper and lower eyelids, the present study found, similar
to Pult et al.*® that the MG loss in the upper and lower
eyelids of all experimental subgroups showed a significant
positive correlation. Furthermore, MG loss did not vary sig-
nificantly between symptomatic and asymptomatic sub-
groups, in either eyelid, for both examiners.

In the present study, there was no association between
OSDI scores and mean MG loss for most experimental con-
ditions. This finding is consistent with other studies that
did not find a correlation between OSDI scores and dry eye
signs.®*° For example, Machalifiska et al.*' analysed the as-
sociation between MG characteristics and tear film-related
factors and found that OSDI scores did not correlate with
functional and morphological MG parameters in contact
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lens wearers. Additionally, Dogan et al.® found no correla-
tion between OSDI scores and MG loss rate, for both the
upper and lower eyelids, while investigating the inter-
examiner reliability of meibography evaluation and the
impact of eyelid selection for the procedure. Adil et al.*°
investigated the relationship between MG morphology
and clinical dry eye tests in patients with MGD and found
no correlation between OSDI and any MG morphologi-
cal parameter. However, it should be noted that the OSDI
questionnaire does not differentiate aqueous deficiency
from evaporative dry eye disease, which is most commonly
caused by MGD.*' Additionally, Adil et al.*® suggested that
MG loss is a morphological sign that reflects the early
stages of MGD, which precedes symptoms.

The findings of this study are comparable with previ-
ous studies of MGD using the Phoenix software for image
analysis, which is included in the Cobra HD fundus camera,
the Antares topographer and the Sirius Scheimpflug cam-
era topographer.® Dogan et al.® examined the |ER between
three examiners using the Sirius corneal topographic de-
vice. They observed a md of 4% in the upper eyelids and
1% in the lower eyelids with ICC values of 0.87 and 0.85 for
the upper and lower eyelids, respectively. Thus, they con-
cluded that the Sirius corneal topographic device provides
moderate to good agreement of MG loss of the upper
eyelids and fair to moderate agreement of MG loss in the
lower eyelids.

Garza-Leon et al.“ evaluated the agreement between
two different software tools, i.e.,, Phoenix and Imagel
using the Antares meibographer, each analysed by two
different examiners. In their investigation, only one set
of photographs was collected from each participant and
was subsequently analysed offline by two separate exam-
iners. While not their primary study goal, they reported a
WSV (ICC) of 0.99. They also reported a mean difference
between observers when assessing the same image using
the Phoenix program of 0.45% MG loss. In the Garza-Leon
et al.”? study, two examiners assessed one set of images
from each participant. By contrast, in the present study,
each examiner captured and analysed their own images
of the subjects. These methods more closely resemble
the clinical setting in which examiners both capture and
analyse the images. The mean difference between the MG
loss assessed by the two examiners for all participants was
—0.37+3.20% and —0.42 £2.29% for the upper and lower
eyelids, respectively. This is similar to the mean difference
between two examiners assessing the same image (0.45%)
reported by Garza-Leon et al."” Thus, our findings indicate
that the repeatability of the Cobra HD instrument is simi-
lar to other meibographers evaluating MG loss using the
Phoenix software.

Although the Cobra HD fundus camera meibographer
has been previously compared with the Antares instrument
and they were found to be interchangeable,” the Cobra
HD device has not been compared with other commonly
used meibographers such as the OCULUS Keratograph.

L]Z

Future studies should evaluate the interchangeability of
these instruments.

CONCLUSIONS

In conclusion, the present study examined the IER, ISR
and WSV of MG loss quantified using the Cobra HD fun-
dus camera meibographer. Differences between the ex-
aminers and sessions were <12.5%, which is half of the
minimum step size when discriminating between grades
on the meiboscale.?® Thus, the Cobra HD fundus cam-
era meibographer demonstrates good repeatability and
reproducibility, and clinically similar findings should be
obtained when used by different examiners on different
occasions. Thus, it is suitable for the meibographic as-
sessment and follow-up of disease progression or treat-
ment outcomes.
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