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Abstract

Purpose: To describe and evaluate a comprehensive grading system for meibomian gland (MG)
digital infrared images developed by for the Dry Eye Assessment and Management (DREAM)
Study.

Methods: Cross-sectional study. Reading Center (RC) certified readers independently evaluated
MG features of both lids from meibographs of dry eye disease subjects. Dropout areas were
measured using planimetry software. Inter-reader and grade-regrade agreement and comparison of
meiboscale scores (Meiboscale©; Pult) from clinical centers to RC percent dropout and of MG
features with clinical parameters were evaluated.

Results: Among 551 eyes of 277 patients at baseline, 62 (11%) upper lid and 5 (1%) lower lid
images were missing. Lid eversion was poor in 63 (13%) of upper lids compared to 15 (3%) of
lower lids. Intraclass correlation for inter-reader and grade-regrade agreement was moderate to
substantial for most MG features. MG features were more frequent in the upper lid (p<0.001),
except for dropout glands, gaps, fluffy gland areas and dropout areas. Clinic meiboscale score was
associated with RC percent dropout (p<0.001), a clinic score of 0% having a mean RC score of
19%, and a clinic score of >75% having a mean RC score of 66%. MG plugging was associated
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with ghost glands (p=0.009), dropout glands (p<0.001) and a composite severity score (p=0.02);
turbid and absent secretions were associated with ghost glands (p=0.046).

Conclusion: RC readers identified MG features with good reproducibility. Upper lids had more
MG features. RC dropout areas correlated well with clinic meiboscale scores. Ghost glands were
associated with paste like and absent meibomian secretions.
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INTRODUCTION

Meibomian gland dysfunction (MGD) is a leading cause of dry eye disease (DED).1
Clinically, fluorescein tear break up time, lid margin irregularity, vascular engorgement,
glandular orifice obstruction, anterior or posterior displacement of the mucocutaneous
junction, and the quality of expressed sebum have been used for assessing MGD related to
DED.23 However, there is no standardized, universal grading system that is in use to
evaluate the features of MGs. The introduction of non-invasive, infrared photography of
meibomian glands (MG) has been a major step towards allowing assessment of two-
dimensional details of the silhouette of the glands.

A variety of scoring systems have been used to quantify the degree of MG dropout in the
upper and lower lids and to correlate the gland loss to clinical parameters.4-8 These scoring
systems generally are intended for clinical use while examining patients. Further, only a
small amount of literature describes the association of MG features seen on meibography
with clinical parameters. Individual investigations and reviews have clearly spelt out the
need for more exhaustive research to improve the correlation of ocular imaging with clinical
findings in DED. There is consensus that the combination of both morphological and
functional evaluation would be essential to providing further insights into the
pathophysiology of DED.8

The Dry Eye Assessment and Management (DREAM) Study’ was a randomized clinical
trial of omega-3 fatty acid supplementation for the treatment of moderate to severe DED.
Images of MGs were obtained using infrared photography by centers that had the Oculus
Keratograph® 5M (OCULUS Optikgerate, Wetzlar, Germany). The purpose of this paper is
to introduce a comprehensive grading system for meibography images, assess the
reproducibility of grading by certified readers, and evaluate the association of the gradings
with clinical signs of MGD among participants of the DREAM Study.

1. METHODS
1.1. Study population

From October 2014 through July 2016, 535 subjects from 27 clinical centers in the United
States completed a screening and eligibility confirmation visits and were enrolled into the
study. A detailed description of the DREAM study design has previously been described.®
Briefly, subjects needed to be =18 years with ocular symptoms related to DED for at least 6
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months with the use of or a desire to use artificial tears. The patient’s average score from the
two visits on the OSDI needed to be between 22 and 80. Additionally, patients had to have at
least two of the following four signs in at least one eye: a conjunctival lissamine-green
staining score of 1 or more (range 0 to 6, higher scores indicate greater abnormality), a
corneal fluorescein staining score of 4 or more (range 0 to 15, higher scores indicate greater
abnormality), a tear break-up time of <7 seconds, and a result on Schirmer’s test with
anesthesia of 1 to 7 mm in 5 minutes. The qualifying signs needed to be the same signs in
the same eye at each of the visits. Pregnant or nursing mothers, patients with a history of
contact lens wear during 30 days before screening visit, ocular surgery within 6 months of
screening visit, using glaucoma medications and having eyelid abnormalities were excluded.

The study protocol was approved by the institutional review board associated with each
center and carried out under an Investigational New Drug application for the Food and Drug
Administration.® The research followed the tenets of the Declaration of Helsinki. Ten of the
27 DREAM centers had an Oculus Keratograph 5M and only the 292 patients enrolled
through the ten centers were eligible for meibography.

Imaging

Imaging of MGs was not part of the original DREAM research plan because a commercial
device became available only after the application for funding was submitted in January
2012. Imaging was aded to the DREAM clinical assessment for those clinical sites that had
the imaging device on site by thebeginning of enrollment in October 2014. Staff from each
clinical site received standardized training on meibography imaging as part of the overall
instruction on using the keratography for evaluations in the DREAM study which also
included non-invasive tear break-up time, measuring tear meniscus height, and obtaining a
bulbar redness score. A DREAM standardized protocol was developed with specific
instructions for obtaining meibography images using eversion of the upper lid and lower lid.
Training for keratography included watching a slide presentation on using the keratograph,
viewing a 30-minute training video supplied by the manufacturer of the keratograph,
participating in a one-on-one webinar with a representative from the manufacturer and a
member of the staff of the study chair, review of a detailed set of instructions for uploading
the image files to a central server, and demonstration of proper technique to the principal
investigator of each clinical site.

1.3. Development of the grading protocol

The director of the Reading Center (RC) led the development of the DREAM meibography
grading protocol. A comprehensive list of features of MGs was compiled after reviewing
publications describing patients with ocular surface disease and normal subjects.10-15
Representative examples of the features were selected from the DREAM Study image
database. Specific features of the MGs such as distorted, tortuous, hooked, dropout,
shortened, thickened, thinned, overlapping, ghost, tadpoling, abnormal gap, fluffy area, and
no extension to lid margin were included in the protocol. These are shown in Figure 1. An
example of conjunctival folds, which can masquerade as total MG atrophy, is given in Figure
A (appendix).
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1.4. Training and certification of image readers

Three non-physician image readers in the DREAM RC (Department of Ophthalmology,
University of Pennsylvania, Philadelphia) received training in the assessment of MGs from
meibography images. These readers had extensive experience in assessing digital retinal
color images, fluorescein angiograms, auto-fluorescent images and optical coherence
tomography scans for a variety of retinal diseases, but had no prior experience in grading
MG images. Training included reading assignments on the anatomy of MGs,16 didactic
lectures and interactive sessions with the ophthalmologist director of the Reading Center,
and a written multiple choice test. Readers reviewed image sets to familiarize themselves
with the DREAM images; a set consisted of one meibography image of the upper and lower
lids of both eyes. Readers were required to grade 10 image sets independently. The results
were compared among readers and discrepancies were discussed; this process was repeated
on a second group of 10 image sets. Finally, 10 lid images were given for grading and the
reader was certified if the score was more than 80% on key morphological features and areas
of dropouts.

1.5. Grading of study image sets

Two readers graded each lid meibography image independently. The readers were masked to
all demographic, clinical, and treatment data. The lid image was opened in Adobe
Photoshop (Adobe, Inc. San Jose, CA) and an indigenously developed template was dragged
and placed on top of the image. The template, comprised of a rectangle with three inner
sections, was positioned so that the horizontal outer border was at the lateral canthus and the
inner border was on the caruncle. The template allowed the reader to enumerate and record
each of the morphological abnormalities within the three similarly spaced sections (lateral,
middle and medial). Counting was done systematically from left to right for each eye and the
morphological features were counted into the sections where they first appeared regardless
of the quantity of the gland present in that section. Extension of the same gland into an
adjacent section was not counted.

Readers also measured the following areas using the lasso tool in Adobe® Photoshop in the
following order: total area, inclusive dropout area (areas devoid of MGs, ghost glands, fluffy
areas) and exclusive dropout area (areas devoid of MGs only). In the upper lid, the superior
outline of the total area was just inside the lid margin and followed the curve of the everted
lid with its highest point at the center of the lid. The lower margin was either a straight or a
gently curving line and was determined by visual cues using the longest MG in the midpoint
of the lid. In cases where there was extensive MG atrophy, the reader, with the help of
examples of normal lid meibographs, determined the lower border. The total area of the
lower lid was measured in a similar manner.

Grading values from the 2 readers were compared using a computer program and features
were selected for adjudication when the differences between readers exceeded a certain
threshold (Table A appendix). For the morphological features graded on an ordered
categorical scale, if both values were >0 (0 denoting absent) and within a difference of 2, the
responses were averaged. All other differences were adjudicated by the RC director.
Differences for binary (yes/no) features such as gaps, fluffy areas, tadpoling, and glands
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stopping short of the lid margin were adjudicated if one reader disagreed with the other. If
the difference in measurement values for total area and for dropout areas from the two
readers was less than 10% from the mean of the two values, they were averaged. All 3 of
these area measurements (total and dropout areas including and excluding fluffy areas and
ghost glands) were adjudicated by the ophthalmologist if the difference between readers for
one or more of the areas exceeded 10% of the mean.

1.6. Quality assurance

Agreement between graders was assessed by comparing the grading values for all image sets
for the 3 pairs of 2 readers. For checking the reproducibility of the grading process, a
random sample of 20 lids was selected for regrading, including adjudication.

1.7. Clinical assessments of MGD

In both eyes, plugging of the MG opening and lid secretions from the MG openings were
evaluated. With mild pressure, the central 5 of the lower eyelid MG openings in the mid-
portion of the lower eyelid were observed for plugging and categorized as No plugging,
Mild (1-2 glands plugged), Moderate (3-4 glands plugged) and Severe (all 5 MGs were
plugged). Lid secretions expressed from the opening of these glands after application of
pressure with the MG Evaluator (Tear Science) were defined as clear, mildly cloudy, paste
like and absent. The Pult 5-grade meiboscale was used to grade dropout from the
meibography images at the clinics.18 Clinical assessments were made by study-certified
optometrists or ophthalmologists with the exception that MG dropout area was assessed by
study-certified technicians for approximately 50% of patients.

1.8 Developing a composite morphology severity score

Little is known about the diverse morphological features observed in the meibomian glands
and whether they relate to the signs and symptoms of dry eye disease. Histopathology of the
specific dysmorphic presentations are not available. We created a composite severity score
for the morphological features by having three ophthalmologists (ED, VB, GM), two of
them experienced external eye specialists, score each of the morphological features
independently on a severity scale of 0 to 10, where 10 was judged to be the most severe
morphological feature perceived to contribute to dry eye disease. We used the mean score
from these three values for each morphological feature (Table B appendix). In each lid a
total composite score was generated by adding the mean score of each feature that was
present in that lid. This composite score was used to evaluate associations with quality of
meibomian secretions, and plugging of the MG openings.

1.9 Statistical Methods

Kappa statistics were calculated to assess agreement for dichotomous MG features, and
intraclass correlations were calculated for continuous and ordinal features. The terms
suggested by Landis were used as descriptors of the agreement: < O=poor, 0-0.2 =slight; .
21-.40 =fair; .41- .60 = moderate; .61-0.8 = substantial and >.80 = excellent.1” Comparisons
of dichotomous MG features by lid or categorical clinical characteristics were made using
logistic regression, Comparisons of continuous MG features by lid or categorical clinical
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characteristics were made using linear regression. Generalized estimating equations were
used to accommodate the correlation among lids in the same person.18 In cases where at
least one level of the clinical characteristic had only one level of the MG feature, Fisher’s
exact tests were used instead. To test for trends across ordered clinical characteristics the
characteristic was treated as continuous, where values of 1 through 4 were used for
successive categories for plugging and secretion, 1 through 5 for Meiboscale© score, and the
actual values were used for RC percent dropout and tear break-up time. Lids with poor
quality photos were excluded from the analysis.

2. RESULTS

Among the 292 patients enrolled through centers with a keratograph, 277 (98%) patients had
at least 1 image of an eyelid submitted to the reading center from the eligibility confirmation
visit. Reasons for patients not having any images include machine malfunction and human
error. Among the 551 eyes of 277 patients, 62 (11%) upper lid images and 5 (1%) lower lid
images were missing. Among available lid images, the quality of lid eversion (good, fair or
poor) when it was performed was similar between upper and lower lids (p=0.32; Figure 2);
however, the lid was not everted for 63 (13%) of upper lids compared to 15 (3%) of lower
lids.

Estimates of the inter-reader and grade-regrade agreement for each of the MG features are
shown in Table 1. Agreement on the total number of glands present was excellent for both
between readers and on grade-regrade (between the original grading and the repeat grading).
There was moderate to substantial agreement between readers and on grade-regrade for most
of the other features. However, there was only slight inter-grader agreement on number of
thick and thin glands. The grade-regrade agreement for thick, thin, overlap and dropout
glands was also slight. The agreement on measurement of percentage dropout area was
better when ghost gland and fluffy areas were included in the dropout areas; but not to a
statistically significant degree (p=0.41).

The distribution of morphological features comparing the upper lid and lower lid are shown
in Table 2. Hooked, thick, thin, dropped out, tadpoling glands, gaps between glands and
glands with no lid margin extension were uncommon (median number of glands equal to 0)
in both the upper and lower lids. Nonetheless, upper lids had more visible MG features than
lower lids (all p<0.001) except for lack of extension of MGs to the lid margin. Fluffy areas
were present in a much higher proportion of lids and were more common in lower lids than
in upper lids (66% vs 46%, p<0.001).

The mean percentage dropout from the RC increased as the clinic’s Pult meiboscale score
increased, both when fluffy and ghost glands were included (p<0.001) and excluded
(p<0.001) as dropped out areas by the RC (Figure 3). However, the percentage dropout
determined by the reading center was not as extreme as the clinical assessment in that when
the clinic judged 0% dropout, the mean percentage dropout by the reading center was 19%
(including fluffy areas and ghost glands as dropped out) and 10% when excluding them.
When the clinic judged >75% dropout, the mean percentage dropout by the reading center
was 66% (including fluffy areas and ghost glands) and 36% excluding them. The
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discrepancy between the clinical judgement and the reading center’s assessment was greater
when the readers excluded fluffy areas and ghost glands, with the reading center’s
assessment substantially less when the clinic judged dropout to be > 25%.

Table 3 displays the associations between the morphological features of MGs in the middle
third of the lower lid with the clinically assessed MG plugging in the middle 5 glands of the
lower lid. Most of the morphological features were not associated with plugging. There was
a higher mean number of dropout glands when there was plugging; no dropout glands were
noted when plugging was absent (p<0.001). The mean number of ghost glands in a lid was
lowest with mild plugging (p=0.009). The composite severity score of MG features was
greater when there was moderate and severe plugging (p=0.02).

Table 4 displays the associations between the morphological features of MGs in the middle
third of the lower lid with MG secretions in the middle 5 glands of the lower lid. The ghost
glands but not the dropout glands are associated with either pasty secretions or complete
obstruction with no secretions (p=0.046). Shortened MGs appear to be associated with a
clear secretion from the MGs (p=0.02). All other morphological features and areas of
atrophy (p>0.05) do not seem to be significantly associated with MG secretions.

3. DISCUSSION

Non-contact infrared photography facilitates assessment of morphological features of the
MGs in DED and in other ocular and systemic conditions.1® However, there is not an
accepted standard classification of the MG features or method for identifying areas of MG
dropout. We have compiled a comprehensive collection of morphological features from
several previous studies and added a few more to facilitate investigation of possible
associations with the clinical signs and symptoms of DED.

Studying the association of various MG features with DED is complex as it is still unclear
which features are associated with pathological conditions and which of them are normal
findings in certain ethnic populations or age groups. For example, some of these features
have been observed in pediatric age groups with no symptoms of DED.20 In addition
increased frequency of the dropout areas have been associated with aging.42%:21 It has been
reported that asymptomatic children in China aged <14 years had distorted, tortuous, hooked
and overlapping glands as well as apparent loss of MGs, suggesting that they may be
congenital rather than acquired.1% However a study of Japanese children aged 0-12 years
showed that morphologically complete MGs were distributed across the entire tarsal plate in
both the upper and lower eyelids.22 Other studies have demonstrated increasing MG loss
with age and female gender.#19:20 but there are no longitudinal studies to confirm
progression with age.

A number of morphological features have been reported in earlier studies, including total
normal glands, distorted glands, tortuous glands and shortened glands.1222:23-26 |n addition
to the morphological features described in earlier studies, we added the following additional
features: thin or attenuated glands, ghost glands, dropout glands, abnormal gaps between
glands, no lid margin extension of glands and fluffy areas as defined in Figure 1. In the
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present study thin glands and gaps between glands were rare while ghost glands were
plentiful. The amalgamated mass we had termed fluffy areas were more common in the
lateral and medial portions of the lid and could represent a unique form of atrophy that is
different from ghost glands, dropout glands or shortened glands. Correlation between the
clinic staff grading of the meiboscale score was better when ghost glands and fluffy areas
were included rather than excluded from the total atrophic areas. Our grading excluded the
whole gland if it was identified as a ghost gland; however, it is possible that ghost glands and
fluffy areas represent regions where atrophy is incomplete and some functionality of the MG
persists. Long term longitudinal studies would be helpful in answering these questions.

Our study demonstrated that obtaining good quality images from multiple centers was
feasible, but we did experience some challenges. Lack of funding at the time of acquiring
the DREAM images did not permit review and feedback on image quality by the reading
center. Despite this, more than 90% of images received by the reading center were either of
fair or good quality. Sufficient eversion to expose the entire palpebral conjunctiva without
the lid being drawn to one side or the imager’s fingers obscuring the view is necessary to
obtain an accurate assessment. To standardize the procedures and obtain good images it is
important to train and certify the imagers irrespective of their prior training or experience.
Feedback to the imagers on the quality of the meibography images could have reduced the
number of poorly everted images that precluded assessments.

Worse agreement for certain morphological features such as thick, thin, and dropout glands
suggest a need for a more robust definition of these features with reference images covering
the full spectrum of the feature. Few previous studies have included evaluation of the
reproducibility of grading. One study showed substantial inter-reader agreement in counting
the number of whole glands (ICC of 0.75 (95% CI = 0.69-0.79).27 Our results on the total
number of glands in each lid had an ICC of 0.89 (95% CI = 0.87, 0.90). Another study found
the inter-grader reliability to be fair for acini appearance (weighted Kappa (Ky,) 0.23) and
moderate for gland dropout (K, 0.50).28 Both these studies included only lower lids.
Another study found reproducibility for 30 right eyes to be better in the upper lid (K, 0.516
to 0.650) than the lower (K 0.212 to 0.530).2°

Features such as large gaps, gland shortening, ghost glands and fluffy areas influence the
meiboscore; however, few investigators have elaborated on the management of these features
in measuring the dropout area. The variability of grading results observed in our study as
well as in previous studies warrants dual independent grading that is more robust than results
from a single reader.30:31

In agreement with previous reports, we found that the upper eyelid is more difficult to evert
than the lower lid, as demonstrated by a higher percentage of upper lid images that were not
obtained or had insufficient lid eversion.32:33 The upper lid glands are more in number,
thinner and longer than the lower lid glands.2:3* Our study confirms that the presumably
abnormal morphological features of the MGs, in general, are more common in the upper lid.
Our finding of more dropout glands in the lower than the upper lid is consistent with similar
results from previous studies.*3%> MG loss was significantly less in the upper lid than in the
lower lid in patients with DED.12:36 Therefore it is important to evaluate both the upper and
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lower eyelids as assuming that findings from the upper lid are the same as those from the
lower lid is not warranted.

Optical coherence tomography and confocal microscopy have been used to visualize and
study meibomian glands.37:38 However, infrared meibography is the commonly used
imaging modality and several models from several companies such as the Cobra® Fundus
Camera (CSO and bon Optic VertriebsgmbH), TOPCON® Slitlamp Microscope BG-4M,
EyeTop® Topographer and the Sirius® Scheimpflug Camera are available. Refinements to
earlier meibography models have been aimed at making imaging easier to perform. For
example, everting the upper eyelid, holding it in place and taking the image without
hindrance from the keratograph has been made easier in some models. A pen shaped
meibography system captures images without the need for a slitlamp (Meibopen; Japan
Focus Company, Tokyo, Japan).3°

Several meiboscale scores have been used in previous studies, including using the proportion
of shortened glands or using areas of dropout scored along a four- or five-point scale.
4.13,36,40 The calculation of meiboscores require the total area (denominator) and the dropout
area (numerator). The handling of clarity and focus of the images, large areas of reflections,
inadequate and incorrect eversion of the lids, loose folds of conjunctiva obscuring the glands
(Figure 2), inadvertent lid distortion and an altered vertical globe gaze direction during
meibography in deriving the meiboscale score is unclear.#! Also, even with a well-everted
lid, the location of the borders of the total area of the tarsal plate can be difficult to delineate.
All of these difficulties have a negative impact on accuracy and reproducibility.

When external features, orifice plugging and secretions of the 5 MGs in the center lower lid
were compared to the morphological features, there were few morphological features related
to the external features. However, dropout glands were absent in eyes that did not have
plugging but were present in eyes with plugged glands and the mean composite severity of
morphological features was found to be higher in eyes that had moderate and severe
plugging. In addition, ghost glands appear to influence lid secretions from MG. Eyelids that
expressed sebum with a thick paste like consistency or did not express any secretions at all
were associated with larger numbers of ghost glands. A study investigating clinical factors
associated with MG dropout among contact lens wearers found that lower eyelid MG
atrophy was not associated with upper or lower MG plugging or upper or lower meibum
quality while upper eyelid atrophy was associated with both gland plugging and meibum
quality in both eyelids.#2 The study, however, did not identify ghost glands specifically. It is
possible that ghost glands are sick glands progressing towards atrophy. Conversely, they may
be recovering glands. Longitudinal observations are needed to better understand the course
of these features of glands that appear to influence the function of the MG.

Limitations of the study include insufficient hands-on training in everting the lids and no
feedback given to the imagers on the quality of images, resulting in a number of missing and
ungradable images.
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4. CONCLUSIONS

We have catalogued various morphological features among the MGs present in moderate to
severe dry eye disease patients that will allow further investigation into their associations
with demographic, clinical and laboratory tests common to DED. We have shown good
agreement among readers in identifying different morphological features as well as
measuring the percentage areas of MG dropout. There is good correlation between the clinic
meiboscale scores and the RC drop out percentages. More MG structural features and
dropout areas were observed in the upper lids. We have identified a distinct category made
up of substantial amounts of ghost glands and fluffy areas that can alter the meiboscale score
depending on whether they are added or eliminated from the MG dropout areas. Dropout
glands, ghost glands and the composite MG structural severity score were associated with
MG plugging. Ghost glands were associated with pasty and scanty meibomian secretions.
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Table A.

Adjudication rules for dealing with discrepancies between two readers

DREAM Study Meibomian Gland Baseline Grading Form Adjudication Rules

Question Value Testing Final Record
1. Image Present Values equal Retain value

Values not equal Adjudicate
Image no. Values equal Retain value

Values not equal Adjudicate
2. Lid Eversion Values agree Retain value

Good and Fair Good

Good and Poor Fair

Fair and Poor Fair

(Good or Fair or Poor) and None Adjudicate complete form
Al Overall focus Values agree Retain value

Good and Fair Good

Good and Poor Fair

Fair and Poor Fair

(Good or Fair or Poor) and CG* Adjudicate complete form
A2 Reflections Values equal Retain value

Values not equal Adjudicate
A3 Exposure Values equal Retain value

Values not equal Adjudicate
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DREAM Study Meibomian Gland Baseline Grading Form Adjudication Rules

B. Morphology Both values zero Retain zero
Both values CG Retain CG
One value zero, other value >0 Adjudicate
One value CG, other value>0 Adjudicate
One value zero, other value CG Adjudicate
Both values > 0 and within difference of 2 Average responses
Both values > 0 and difference > 2 Adjudicate

11. Tadpoling Values equal Retain value

12. Gaps Values not equal Adjudicate

13. No Lid Margin Values not equal Adjudicate

14. Fluffy Areas Values not equal Adjudicate

C1. Total Area Calculate mean between values
If each value is within 10% of mean Average responses
If absolute value is greater than 10% different than then mean | Adjudicate
If one value is CG and the other value measured Adjudicate

C2. Total drop out Calculate mean between values

includes
If each value is within 10% of mean Average responses
If absolute value is greater than 10% different than then mean | Adjudicate
If one value is CG and the other value measured Adjudicate

C3. Total drop out Calculate mean between values

excludes
If each value is within 10% of mean Average responses
If absolute value is greater than 10% different than then mean | Adjudicate
If one value is CG and the other value measured Adjudicate

CG* - Cannot Grade
Appendix

Table B.

Composite score values for each meibomian gland feature derived as an average from 3

ophthalmologists.

Meibomian Gland Feature | Value
Distorted 0.67
Tortuous 2.67
Hooked 4.00
Dropout 10.00
Short 7.33
Thick 4.67
Thin 4.33
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Meibomian Gland Feature | Value
Overlap 2.67
Ghost 8.00
Tadpoling 3.67
Gap 3.67
Fluffy 5.67
No Extension to Lid Margin 5.00
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Figure A.
Meibography image of the lower lid in which a large fold of conjunctiva covers the

meibomian glands (A) and only a close inspection reveals the meibomian glands seen near
the lid margin. Meibography image of the upper lid with a representative example of almost
complete meibomian gland atrophy throughout the tarsal region (B). Conjunctival folds (A)
can be mistaken for complete atrophy (B).
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Morphological
Characteristic of
Meibomian Glands

Distorted
Tortuous
Hooked
Drop Out
shortened
Thickened
Thinned
Overlapping
Ghost
Tadpoling
Abnormal Gap

Fluffy areas

No Extension to Lid
Margin

Figure 1.

Definition and identification Example

Distorted glands do not follow the parallel course of
normal glands. The distortion’s less than that of
tortuous gland.

Tortuous glands must have at least one prominent
tortuous configuration in the gland.

Hooked glands curl back at the distal end,
resemblinga fishhook.

An empty space where a gland should have been

observed. This would form part of the total dropout |

area along with areas from shortened glands, if | -
such glands are present.

The gland does not extend to its full normal length |

Thickened glands have a width that is equal to or
more than twice the width of a normal gland.

‘Thinned/Attenuated glands have a width that is less
than half the width of a normal gland

Pale glands with absence of the normal meibomian
gland architecture.

‘Glands are thick at the eyelid margin but taper and
thin out distally. .

Gaps are normal spaces between glands. Abnormal
gaps are present when two adjoining glands are
pushed aside such that the width of the gap
between them s at least twice that of a normal
gland

Amorphous white substance in areas where normal
glands should have been present. Individual glands
with sharp borders or normal architecture cannot
be visualized.

Gland stopsshort of the lid margin.

Page 20

Definitions and representative examples of various meibomian gland features observed in
the lids of subjects with moderate to severe dry eye disease.
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Lid
Eversion

Good

Fair

Poor

No
Eversion

Total

Upper n
(%)

211 (43%)

187 (38%)

28 (6%)

63 (13%)

489

Lower n
(%)

276 (51%)

228 (42%)

27 (5%)

15 (3%)

546

Lid Examples

Lower

All n (%)

487 (47%)

415 (40%)

55 (5%)

78 (8%)*

1035

TNo difference in quality across lids with eversion (Test of trend p=0.32)
*Significant difference between upper and lower lids in proportion of eversions (p<0.001)

Figure 2.

Quality of lid eversion in subjects with meibography images in the DREAM study
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A B

Including Fluffy areas/Ghost glands Excluding Fluffy areas/Ghost glands

= 100% . . « 100%
g P<0.001* g P<0.001*
Q Q
2 9 2 0
s 80% s 80%
R R
3 3
® 60% N ® 60%
2 . . 3
0, 0, N
5 40% 5 40% :
e ]
c < .
8 8 :
0, 0,
g 20% .g! 20%
° °
3 3
x 0% x 0%
n=159 n=343 n=209 n=122 n=50 n=159 n=343 n=209 n=122 n=50
0% >0% - >25%- >50%- >75% 0% >0% - >25%- >50%- >75%
25%  50%  75% 25%  50%  75%
Clinic evaluated % dropout Clinic evaluated % dropout
(Pult Scale) (Pult Scale)

* P value for linear regression

Figure 3.

Comparison of Reading Center percentage of drop out areas vs the clinic estimated
meiboscale (Pult) scores. A — Drop out area includes fluffy areas and ghost glands. B — Drop
out area does not include fluffy areas and ghost glands.
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Inter-reader and grade-regrade agreement in evaluating meibomian gland variants and dropout areas.

Table 1.

Page 23

Intraclass correlation coefficient (95% confidence interval)

Meibomian Gland Feature

Inter-reader agreement (N=897)

Grade-regrade agreement (N=34)

Total number

0.89 (0.88, 0.91)

0.80 (0.65, 0.90)

Distorted

0.71 (0.67, 0.74)

0.59 (0.35, 0.78)

Tortuous

0.43 (0.37, 0.49)

0.88 (0.79, 0.94)

Hooked

0.61 (0.57, 0.66)

0.77 (0.62, 0.89)

Short

0.61 (0.56, 0.65)

0.54 (0.28, 0.75)

Thick

0.32 (0.25, 0.38)

0.23 (-0.08, 0.55)

Thin

0.22 (0.15, 0.29)

0.25 (~0.06, 0.56)

Overlap

0.64 (0.60, 0.68)

0.24 (-0.07, 0.55)

Ghost

0.56 (0.51, 0.60)

0.78 (0.63, 0.89)

Dropout

0.40 (0.34, 0.46)

0.26 (-0.05, 0.57)

*
Area Measurements

Total area

0.91 (0.90, 0.92)

0.98 (0.96, 0.99)

Total dropout area including fluffy areas and ghost glands as
dropped out.

0.65 (0.61, 0.69)

0.70 (0.50, 0.84)

Percent dropout area including fluffy areas and ghost glands as
dropped out.

0.52 (0.47, 0.57)

0.74 (0.56, 0.87)

Total dropout area excluding fluffy areas and ghost glands as
dropped out.

0.56 (0.51, 0.61)

0.39 (0.10, 0.66)

Percent dropout area excluding fluffy areas and ghost glands as
dropped out

0.52 (0.47, 0.57)

0.57 (0.32,0.77)

*
Number of missing values for inter-reader agreement: 4 for total area, 3 for total dropout area (both for including and excluding fluffy areas and

ghost glands), 6 for percent dropout area (both for including and excluding fluffy areas and ghost glands)
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Table 2:

Frequency of meibomian gland features in the lower and upper lids

Lid .
Meibomian Gland Features | Upper (N=392) median (range) | Lower (N=490) median (range) p-value_
Total number 20.00 (0.0 — 34.0) 15.50 (0.0 - 29.0) <0.001
Distorted 7.00 (0.0 - 20.5) 2.00 (0.0 -15.0) <0.001
Tortuous 1.00 (0.0 - 7.5) 0.00 (0.0 - 3.0) <0.001
Hooked 0.00 (0.0 -5.0) 0.00 (0.0 - 2.5) <0.001
Short 5.50 (0.0 - 16.0) 3.00 (0.0 — 18.5) <0.001
Thick 0.00 (0.0-5.5) 0.00 (0.0-3.0) <0.001
Thin 0.00 (0.0 - 9.0) 0.00 (0.0 - 5.0) <0.001
Overlap 1.00 (0.0 - 5.0) 0.00 (0.0 - 2.5) <0.001
Ghost 1.00 (0.0 - 21.0) 0.00 (0.0 — 12.0) <0.001
Drop-out 0.00 (0.0-7.0) 0.00 (0.0 - 6.0) <0.001
Other Features n (%) n (%) p-value 7
Tadpoling (yes) 28 (7.1%) 9 (1.8%) <0.001
Gaps (yes) 131 (33.4%) 2 (0.4%) <0.001
No lid margin extent (yes) 27 (6.9%) 39 (8.0%) 0.55
Fluffy areas (Yes) 180 (46.0%) 325 (66.3%) <0.001

*
P-value from the Kruskal Wallis test

fP-vaIue from the chi-square test
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Table 3.

Page 25

Clinically assessed plugging of the central 5 meibomian glands of the lower lid and the morphological features

in the middle 1/3 of the lower lid assessed by the reading center

glands and fluffy areas *

Mild (1-2 glands) Moderate (34 Severe (all 5
Features in the lower lid middle third | None (n=44) (n=105) glands) (n=147) glands) (n=172) p-value
Total number Mean (SD) | 7.45 (1.42) 7.35 (1.62) 7.03 (2.07) 7.17 (1.96) 0.43
Distorted Mean (SD) | 1.90 (1.57) 1.38 (1.44) 1.53 (1.48) 1.66 (1.43) 0.19
Tortuous Mean (SD) | 0.09 (0.43) 0.05 (0.28) 0.09 (0.35) 0.04 (0.24) 0.45
Hooked Mean (SD) | 0.05 (0.30) 0.04 (0.28) 0.04 (0.25) 0.06 (0.27) 0.86
Short Mean (SD) | 1.47 (1.72) 1.42 (1.62) 1.78 (1.70) 1.75 (1.96) 0.31
Thick Mean (SD) | 0.06 (0.27) 0.05 (0.29) 0.01 (0.12) 0.02 (0.19) 0.51
Thin Mean (SD) | 0.14 (0.35) 0.06 (0.28) 0.06 (0.31) 0.06 (0.27) 0.56
Overlap Mean (SD) | 0.08 (0.30) 0.06 (0.23) 0.09 (0.29) 0.03 (0.21) 0.33
Ghost Mean (SD) | 0.66 (1.24) 0.24 (0.83) 0.61 (1.54) 0.61 (1.40) 0.009
Dropout Mean (SD) | 0.00 (0.00) 0.17 (0.45) 0.25 (0.71) 0.15 (0.48) <0.001
Tadpoling No 44 (10%) 105 (23%) 144 (31%) 170 (37%) 0.40
Yes 0 (0%) 0(0%) 3 (60%) 2 (40%)
Gaps No 44 (9%) 105 (23%) 146 (31%) 171 (37%) 0.81
Yes 0 (0%) 0 (0%) 1 (50%) 1 (50%)
No Lid margin extension No 40 (9%) 102 (23%) 137 (31%) 163 (37%) 0.37
Yes 4 (15%) 3 (12%) 10 (38%) 9 (35%)
Fluffy areas No 44 (10%) 97 (22%) 136 (31%) 163 (37%) 0.26
Yes 0 (0%) 8 (29%) 11 (39%) 9 (32%)
Severity composite Mean (SD) | 18.60 (16.21) 15.97 (14.43) 22.74 (20.17) 21.23 (20.40) 0.02
score
Dropout including ghost | Mean (SD) 28% (14%) 30% (14%) 35% (21%) 33% (21%) 0.06
glands and fluffy areas
as dropped out™
Dropout excluding ghost | Mean (SD) 17% (13%) 17% (8%) 19% (13%) 20% (17%) 0.07

*
Missing values:1 in none,3 moderate
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Table 4:

Page 26

Clinically assessed meibomian gland secretions from the central 5 meibomian glands of the lower lid and the
meibomian gland morphological features in the middle 1/3 of the lower lid assessed in the reading center

ghost glands and fluffy

*
areas

Features in the lower lid middle Clear secretion Mild haze/ Paste like No Secretion
third (n=82) cloudiness (n=145) secretion (n=71 (N=170) p-value
Total number Mean (SD) 7.32 (1.66) 7.08 (2.06) 7.32 (1.50) 7.17 (1.97) 0.76
Distorted Mean (SD) 1.51 (1.47) 1.50 (1.51) 1.65 (1.44) 1.66 (1.44) 0.80
Tortuous Mean (SD) 0.10 (0.41) 0.07 (0.31) 0.06 (0.32) 0.04 (0.24) 0.48
Hooked Mean (SD) 0.07 (0.35) 0.04 (0.25) 0.03 (0.17) 0.06 (0.27) 0.50
Short Mean (SD) 2.10 (1.79) 1.39 (1.60) 1.52 (1.67) 1.73 (1.94) 0.02
Thick Mean (SD) 0.04 (0.27) 0.04 (0.23) 0.01 (0.12) 0.02 (0.17) 0.59
Thin Mean (SD) 0.13 (0.44) 0.06 (0.26) 0.03 (0.17) 0.06 (0.27) 0.25
Overlap Mean (SD) 0.11 (0.31) 0.08 (0.28) 0.03 (0.17) 0.04 (0.21) 0.09
Ghost Mean (SD) 0.31(0.82) 0.36 (1.14) 0.83 (1.72) 0.65 (1.47) 0.046
Dropout Mean (SD) 0.16 (0.69) 0.17 (0.47) 0.23 (0.61) 0.16 (0.48) 0.87
Tadpoling No 82 (18%) 143 (31%) 70 (15%) 168 (36%) 0.77
Yes 0 (0%) 2 (40%) 1 (20%) 2 (40%)
Gaps No 82 (18%) 145 (31%) 70 (15%) 169 (36%) 0.44
Yes 0 (0%) 0 (0%) 1 (50%) 1 (50%)
No Lid margin No 78 (18%) 138 (31%) 65 (15%) 161 (36%) 0.67
extension of meibomian
glands Yes 4 (15%) 7 (27%) 6 (23%) 9 (35%)
Fluffy areas No 77 (18%) 135 (31%) 67 (15%) 161 (37%) 0.95
Yes 5 (18%) 10 (36%) 4 (14%) 9 (32%)
Total 82 (18%) 145 (31%) 71 (15%) 170 (36%)
Meibomian gland Mean (SD) 22.18 (16.90) 16.96 (17.31) 22.00 (19.25) 21.46 (20.65) 0.10
feature composite score
% dropout including Mean (SD) 0.28 (0.15) 0.31(0.18) 0.36 (0.20) 0.33(0.22) 0.08
ghostEIands and fluffy
areas
% dropout excluding Mean (SD) 0.16 (0.11) 0.18 (0.12) 0.21 (0.12) 0.21 (0.17) 0.06

3 lids with mild haze/cloudiness and 1 eye with paste have missing dropout area
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