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A review of meibography for a refractive surgeon

Krishna Poojita Vunnava'?, Naren Shetty’, Kamal B Kapur?

Refractive surgery has evolved from being a therapeutic correction of high refractive errors to a cosmetic
correction. The expectations associated with such a surgery are enormous and one has to anticipate all
possible complications and side-effects that come with the procedure and prepare accordingly. The most
common amongst these is post-refractive surgery dry eye of which Meibomian gland dysfunction is a | DOI:
commonly associated cause. We present an understanding of various diagnostic imaging modalities that
can be used for evaluating meibomian glands which can also serve as a visual aid for patient understanding.
We also describe various common conditions which can silently cause changes in the gland architecture and

function which are to be considered and evaluated for.
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Meibomian gland dysfunction (MGD) is defined as a chronic,
diffuse abnormality of the meibomian glands, commonly
characterized by terminal duct obstruction and/or qualitative/
quantitative changes in the glandular secretion. Studies done
across Asia have reported a prevalence ranging from 46.2-69.3%
in population having age > 40 years.? In hospital-based studies
done in India the prevalence was found to be 31.1% in eastern
India and 48.4% in central India.™” Lin ef al. observed that
61.7% of those with dry eye had signs of MGD.!”) Most of the
population-based prevalence studies have considered aging
population with average age more than 40 years. Den et al.
reported that the lid margin and Meibomian gland anatomical
changes were lesser in those younger than 50 years than
those who were more than 50.”! Sullivan et al. found that the
composition of lipids expressed from the meibomian orifices were
significantly different in the older and the younger age groups.!

Aritaet al. postulated that there is a compensatory increase in
tear fluid production with a significant difference in Schirmer’s
test value in MGD group as compared to the non-Sjogren
syndrome group.’! However laser refractive surgery has been
known to induce dryness by various mechanisms./' The most
widely acknowledged mechanism is the reduction in corneal
sensitivity which leads to impaired aqueous layer production
through the cornea-lacrimal gland feedback loop system and
impaired blinking and reduced meibum expression through the
cornea-eye lid reflex loop.'**1 Hence it is pertinent to evaluate
a patient undergoing refractive surgery (myopic/hyperopic/
presbyopic) for various causes of dry eye.

MGD can be evaluated be observing the eyelid changes on
slitlamp and by imaging techniques like meibography.!'>"1 We
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describe various modalities of imaging of Meibomian glands
and their relevance in refractive surgery practice.

Optical Coherence Tomography for
Meibography

Optical coherence tomography (OCT) has found profound use
in retinal imaging and the development of higher wavelength
high-speed Fourier domain OCT systems has resulted in
a significant improvement in the evaluation of anterior
segment.['® Bizheva et al. were the earliest to use the OCT
system for imaging the meibomian glands. While the Infrared
meibography gives the enface view in 2 dimensions, OCT
images have been used to generate 3D models for volumetric
analysis of the meibomian glands.'®?"! Various authors have
used laser lights of different wavelengths ranging from
1060 nm to 1310 nm to image the glands.?**? Yoo et al. used
swept-source OCT system with a resolution 8.6 um to correlate
the conclusions drawn from infrared system, clinical features
and OCT meibography.'?®! The major drawback of OCT-based
meibography is the ability to measure a very small area
for a given scan, 4.3 x 4.3 mm by Yoo ef al. unlike infrared
meibography. To overcome this drawback, Liang et al. used
slit lamp-based OCT system of 1310 nm wavelength laser
to perform 4 scans at various cross sections to observe the
changes in the length, width, orifice diameter and number
of orifices seen of the meibomian glands and the thickness
of the conjunctiva. They also observed that the changes in
the meibomian gland architecture in the proximal end of the
glands were more associated with clinical signs and symptoms
of MGD as against those with more changes away from the
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orifice.?»*! Knop et al. in their description of the meibomian
glands, mentioned the lack of evidence to distinguish between
actual glandular loss and absence of visualization on infrared
meibography due to the indiscernible difference in the optical
properties of the glands and the tarsus.® It was seen on OCT
studies that the thickness of the palpebral conjunctiva increases
significantly in MGD.! The increased scattering and reduced
transmission in such cases can also lead false positive gland
drop outs seen on infrared meibography. Yoo et al. performed
OCT at the plane where drop out was noticed on infrared
imaging.! They have seen that there is presence of atrophic
glands and patent duct in many instances if not all. Hence
infrared meibography can be used as a screening tool and OCT
meibography can be done to plan the management in those
cases where severe drop outs are visible on infrared image.

Confocal Microscopy for Meibography

Confocal microscopy as a method of in-vivo study of cornea and
ocular surface has gained tremendous importance [Fig. 1].2%%]
The machine has evolved from tandem scanning to slit-scanning
white light-emitting device to the use of diode laser for acquiring
much higher quality of images for evaluating the histological
changes.®?! The use of confocal microscopy in dry eye and
ocular surface disorders including meibomian gland dysfunction
is known and Kobayashi et al. were the first to describe the
features in healthy volunteers.’% Currently, Heidelberg
Retina Tomograph II, Rostock Cornea Module (HRT II
RCM) (Heidelberg Engineering GmbH, Dossenheim, Germany)
has been used on the everted lid after the application of topical
anesthesia with the gel used as a coupling agent. The immersion
lens is covered with a cap and the focal plane is set into the
subconjunctival tissue and a diode laser of 679 nm wavelength
is used to image a field of 400 x 400 um. The evaluation of the
entire lid can be a time consuming and tedious process and use
of confocal microscopy is recommended to evaluate localized
changes. Matsumoto et al. evaluated the acinar diameter, acinar
density per square millimeter to evaluate the meibomian gland
morphology.® The mean acinar density (47.6 + 26.6/sq. mm)
was lower in MGD as compared to the controls (101.3 + 33.8/
sq. mm). The acinar diameter also significantly correlated with
the expressibility of the meibum. Higher drop-out ratio was
associated with enlarged acinar diameter. They also observed
severe peri-glandular fibrosis and atrophy in eyes with poor
meibomian expressibility. A French group classified MGD
using confocal microscopy based on meibum reflectivity,
intraepithelial glandular inflammation, fibrosis.* Randon et al.
considered the most widespread pattern that is seen on the
confocal imaging of the lids to classify into absence of MGD,
Obstructive stage, fibrosis stage and found significant correlation
of these staging with infrared meibography, meibum expression
score, tear osmolarity and Oxford scoring of ocular surface.*!

Infrared Meibography

Meibography is a non-invasive in vivo examination of the
meibomian glands. It uses infrared transmitting filter and a
charge-coupled device video camera to capture the image. The
Meibomian glands are anatomically arranged in alongitudinally
parallel fashion extending across the length and width of the
tarsal plate.”” The glands have a distal blind end and the
proximal end opening anterior to mucocutaneous junction.
They appear as hyper-luminescent white bands with the space
between them appearing dark. The advantage of this imaging
is that it is easy to perform and an entire gross evaluation of
the lid can be done at once. Various platforms have used this
technology either individually or as a stand-alone infrared
device or incorporated into another imaging device.?**! The

image serves as a good tool for documentation and monitoring
of the glands with a more visual and lucid reporting making
it much easier to explain to the patient [Figs. 2-5]. In addition
to subjective interpretation of the image, various objective and
analytical grading systems have been developed for infrared
meibography.

Objective Grading Systems

There is no single standardized grading or staging system
for the diagnosis of MGD on infrared meibography. Normal
morphology of the glands is hyper-luminescent structures with
the glands linearly traversing through the length and width
of the tarsal plate.””! Obstructive type of MGD progresses
with dilation of the acini and ducts followed by thinning
and atrophy.®*! Many studies have been done to objectively
analyze the changes and grade the condition [Table 1].

Arita et al. proposed classification of eyelids from grade 0
to 3 based on the loss of meibomian glands in each 1id.? The
sum of the scores obtained for upper and lower lid is the total
score of each eye.

Pult et al. suggested a 5-step grading system to take into
consideration finer increments in detecting meibomian gland
loss.*I They compared the Meiboscore with their 5-scale system
and found a better intra and inter-observer agreement using the
5-scale system. Using Image ] software, they also determined
the MG loss value by marking the area of presence of glands
as a fraction of total area of the lid. They also calculated the
bent angle of the worst affected gland as a surrogate marker
for tortuosity of the glands seen in obstructive MGD™!

Gestalt grading scale using the number of partial meibomian
glands present in each lid has also been described.* However as
the glands reduce in length and are partial, we feel, this metric
would correlate with the amount of dropouts seen which can
be measured using the aforementioned classification systems

Meibograde scoring criteria: Call et al. considered gland
distortion, gland shortening and drop out to scoring the disease
severity.[*]

The Dry Eye Assessment and Management (DREAM) study
evaluated and described various morphological features of
the meibomian glands using infrared meibography. These
include distortion, tortuosity, hooking, overlapping, tadpoling,
thickening, thinning, dropouts, ghost glands, fluffy glands.®*
They found that there was poor agreement between reader in
identifying thin and thick glands on observation. Hence an
automated assessment and quantification would probably
add uniformity.

We did a pilot study in our institute on 50 eyes with and
without MGD by imaging the meibomian glands using a
hand-held prototype infrared camera with a resolution of 5
Mega Pixel (MP). The device has automatic and manual mode
of image acquisition. We used the polygon tool in the image
] software to mark a region of interest over the lid which
encompasses the total area of the lid that is included in the
computation in addition to marking each gland individually.
The end-points of each connected component (which belongs
to each individual gland) were used to measure the Euclidean
distance and various other metrics. Though the process is
time-consuming and elaborate we were able to compute various
parameters of each glands like the length, width, tortuosity for
a finer understanding and study of the morphological changes.
We found that the mean number of glands and number of
tortuous glands were promising parameters to differentiate
in addition to dropouts.
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Table 1: Objective grading system using infrared
meibography

Arita et al.
Grade 0: No loss of meibomian glands
Grade 1: area loss was less than one third of the total meibomian
gland area
Grade 2: area loss was between one third and two thirds
Grade 3: area loss was more than two thirds

Pult et al.
Grade 0: 0% loss of glands
Grade 1: <25%
Grade 2: 26-50%
Grade 3: 51-75%
Grade 4: >75%

Call et al.
Gland distortion is scored 0-3 based on percentage of width of
eyelid demonstrating: 1. Abnormal gland-to-tarsus ratio and/or 2.
Tortuous glands and/or 3. Discordant patterning of glands
Gland shortening is scored 0 through 3 based on percentage of width
of eyelid demonstrating glands not extending from the eyelid margin
to the opposite edge of the tarsal plate
Drop out scored 0 through 3 based on the percentage of surface area
of eyelid demonstrating the zones of meibomian gland dropout.
Scores are summed from 0-9 for each lid

Gestalt grading
Grade 1 (no partial glands)
Grade 2 (less than 25% of the image contains partial meibomian
glands)
Grade 3 (between 25% and 75% of the image contains partial
meibomian glands),
Grade 4 (more than 75% of the image contains partial meibomian
glands)
Objective analysis (In house)
Number of glands
Tortuosity of the glands
Length of the glands
Width of the glands
Drop-out ratio

Quintana et al. have validated an automated algorithm for
objective analysis. The image obtained underwent various
modifications like high-frequency noise removal, eroding,
binarizing followed by edge detection and active contouring
to calculate various parameters.” Another study which
performed similar pre and postprocessing of the infrared
images using MATLAB software found a sensitivity of
99.3% and specificity of 97.5% in identifying the glands.*!
Incorporation of such a software into daily practice can change
the diagnostic modality that infrared meibography is today.

Relevance of Meibomian Imaging in
Refractive Practice

Refractive surgery today has evolved many folds and the
popularity has risen due to the precision in outcomes, faster
visual rehabilitation, and increased safety.*”! However, one of
the most common causes of sub-optimal patient satisfaction
and in turn lower rating of the surgical procedure in the patients
perception is postoperative dry eye which can persist for up to
6 months or more in 40-60% of the patients.* SMall Incision
Lenticule Extraction (SMILE) surgery as well has conflicting
reports on the severity and development of the post-operative
dry eye.*5 Hence, it is imperative to evaluate for one of the most
common causes of dry eye by using any of the imaging techniques
described earlier prior to a laser refractive surgery. Various other

Figure 1: Image from In vivolaser confocal microscopy of the meibomian
glands (42 um using Heidelberg Retina Tomograph II-Rostock Cornea
Module; Heidelberg Engineering GmbH, Dossenheim, Germany)
showing glandular fibrosis

causes can also predispose a patient to develop MGD and these
can also be detected using meibomian gland imaging.

Phlyctenular Keratoconjunctivitis

Itis anon-infectious inflammatory condition of the cornea due
to delayed type of hypersensitivity reaction to an antigen. Most
commonly observed antigens are Mycobacterium tuberculosis,
Staphylococcal antigen, Propionibacterium acnes in addition to
Candida and Chlamydia species.”* Suzuki et al. noted in their
study that all eyes with phlyctenular keratitis showed a drop
out meiboscore of 2.9 + 0.3 as against 0.4 + 0.6 in normal eyes.?
They also found that the images were of a lower contrast due
to possible conjunctival inflammation and edema. Meibomitis
secondary to obstructive MGD could trigger marginal keratitis
or phlyctenular keratitis or meibomitis due to the presence
of bacteria and their toxins. There could also be secondary
meibomian gland inflammation due to the conjunctival
inflammation induced by Phlyctenular keratoconjunctivitis.

Conjunctivitis

Distortion of meibomian glands has been reported in
8% of healthy asymptomatic individuals.® However,
distortion to a greater extent has been noted with allergic,
atopic and vernal conjunctivitis.’**® Follicular conjunctival
inflammation developing secondary to bacterial colonization
and subsequently leading to MGD has been observed.!
Although there has been no study done on the pathophysiology
of these changes, some have proposed that the constant
eye rubbing associated with allergic conjunctivitis causes
mechanical stress on the tarsal plate leading to the distortion.”!
It has also been shown that chronic inflammation and even
inactive form of trachoma of the conjunctiva can be associated
with destruction of the glands and inflammatory changes and
atrophy of the acini with reduction in lipid layer however we
do not know if the inflammatory mediators and chlamydia in
the conjunctiva, penetrate the tarsal plate.[%05!
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Figure 2: Contrast enhanced (a) and regular (b) image of upper
lid taken on Oculus Keratograph® 4 (Oculus Optikgerate GmBH,
Germany). Bold arrow denoting increased tortuosity of the glands,
dotted arrow showing the thinning noted in some glands

Figure 4: Contrast enhanced (a) and regular (b) image of upper
lid taken on Oculus Keratograph® 4 (Oculus Optikgerate GmBH,
Germany) Showing huge drop outs. Such a picture is commonly seen
in long term contact lens users

Contact Lens Use

It is a common observation amongst refractive surgeons that
most of the extensive contact lens users, after getting a refractive
surgery, require some form of prolonged management for the
symptoms of dry eye. Contact lens use has been known to
be associated with dry eye disease.l®” Mechanical irritation
induced inflammation and associated giant papillary
conjunctivitis have been established as the possible causes of
MGD in the past./®® Increased blockage of meibomian orifices

Figure 3: Contrast enhanced (a) and regular (b) image of upper
lid taken on Oculus Keratograph® 4 (Oculus Optikgerate GmBH,
Germany) Bold arrow showing a dilated gland noted by increased width
at that cross section. Dotted arrow denoting thinning

Figure 5: Image of a report generated from SBM Sistemi Idra Dry Eye
Analyzer (Torino, Italy). It shows an automated gland recognition and
segmentation done to calculate the drop out percentage for a more
objective assessment. Note that the software can miss detecting the
glands if the positioning is incorrect while taking an image

has be noted in contact lens wearers leading to obstructive
MGD however there have been conflicting observations as
well.*%! The proposed explanation is the aggregation of
desquamated epithelial cells at the orifices.l*% Arita et al.
in their study on 121 eyes with long term (23 years) use of
Rigid Gas Permeable (RGP) and hydrogel contact lens, noted
shortened clusters of meibomian glands.[? This shortening
was less than half of that seen in controls and progressed from
the distal end of the glands. They concluded that contact lens
use accelerates age-related changes in the meibomian glands
and was directly proportional to the duration of use. Studies
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on confocal microscopy of the meibomian glands of contact
lens users showed significantly decreased basal epithelial cell
density, lower acinar unity diameters, higher glandular orifice
diameter.!®! The non-obvious variety of MGD which has a
lid margin that appears normal on slit lamp, is known to get
precipitated with prolonged use of contact lens and the patient
may become symptomatic after a refractive surgery.[*#70!

Drug Induced Ocular Surface Changes

Topical Anti Glaucoma Medications (AGM) have been shown
to induce ocular surface changes.”7? Some studies have shown
that the majority of patients using prostaglandin analogs for
glaucoma showed features of obstructive MGD with blocked
orifices and gland drop outs while some others have seen no
significant difference between groups.”®”* However, they
found that the meiboscore was higher in those on AGMs than
the controls. With the mechanism of action unknown, we are
not yet sure if there are any structural changes induced in
the meibomian glands by AGMs and their preservatives. Use
of isotretinoin for severe acne has gained popularity. There
is also the presence of various proportions of retinoic acid
in many anti-aging skin creams available over-the-counter.
Retinoic acid gets converted to all-trans retinoic acid and
acts on the sebaceous glands of the skin to reduce the lipid
production and induce atrophy of the glands.”>”! They thus
have a similar extended effect on the meibomian glands which
are the sebaceous glands located in the tarsal plate. Androgen
deficiency and use of anti-androgen medications have been
associated with altered neutral lipid profile in secretions,
metaplasia and keratinization of duct orifices and MGD.
Estrogen treatment has been shown to reduce lipid synthesis
and contribute to MGD.*!

Sleep Apnea

Sleep apnea is a disorder characterized by decreased oxygen
saturation with recurrent apnea-hypopnea episodes.” It is also
associated with floppy eyelid syndrome and ocular surface
changes.”# Karaca et al. observed that morphological changes
like thinning, distortion and dilatation of the glands are seen in
severe obstructive sleep apnea syndrome.®"! The prone position
during sleep and nocturnal eversion leading to mechanical
rubbing of the lids, loss of elastin fibers in the stroma of the
tarsal plate may all contribute towards these changes.*"

Management

In its review of literature in the report of tear film and Ocular
surface (TFOS) Dry eye workshop (DEWS II) the group
noted that there are no large studies comparing the lab based
objective analytical methods to subjective morphological
changes in the lid and those noted on meibography at the
same time point. There is also no conclusive consensus on
the timeline of appearance of symptoms in the progression
of MGD.™! Nonobvious form of MGD has been shown to
be symptomatically normal with higher structural changes
and higher dropouts. This has been attributed to a probable
compensatory increase in tear production or increased secretion
from existing Meibomian glands or the location of loss of
glands.® Hence lack of investigation and documentation
prior to a surgery due to the absence of symptoms could
prove perilous. DREAM study noted that the presence of a
large number of ghost glands was associated with thickened
secretions and plugging was correlating with dropouts. Various
medical and procedural modalities of management of MGD are
available. Use of warm compresses and lid massages at home
have been followed traditionally. Vector thermal pulsation

therapy, Intensive pulsed light therapy, thermal stimulation
are various newer modalities. Delving into the details of which
is beyond the scope of this article.

Starr et al. have described an algorithmic approach for the
treatment of ocular surface disorders encompassing MGD and
others prior to a cataract-refractive surgery.® They recommend
that if the impact of the disorder is severe enough to induce
variability in topography, biometry or aberrometry then it is
prudent to postpone the procedure till the ocular surface is
stable. Staged management given by DEWS Il is a step-wise
slow ramp approach to treatment.?*" Since a refractive surgery
can add to a pre-existing dry eye, one can step up to procedural
or more intensive management prior to going ahead with
surgery and shift to preservative free topical medications in
the post-op care.

Conclusion

1. The practice of refractive surgery is a highly demanding
and the occurrence of dry eye after the surgery is one of the
common causes for patient dissatisfaction

2. The methods of evaluating MGD are either objective or
subjective. Objective methods include the biochemical
analysis of the expressed Meibum, evaporimetry and
interferometry. Subjective methods are more widely used
and include slit-lamp examination and meibography

3. Meibography is a simple tool for studying the meibomian
glands and can come in handy for recognizing any
preexisting MGD. With the advent of automated in-vivo
analytical tools and metrics this easy-to-use system can be
made more objective

4. Non-obvious MGD has be shown to be associated with
significant MG loss and structural changes. Presence of
shortened glands, dropouts, ghosting, tortuosity indicate
an ongoing process of MGD which can present with
exaggerated dry eye symptoms postrefractive surgery even
if the patient is asymptomatic on presentation

5. In presence of these findings, it would be wiser to explain
the need for need for immediate pre-surgical intensive
procedural or medical treatment and longer follow-ups for
managing the condition

6. Various common ocular surface conditions as mentioned in
the text above, cause structural and functional changes to
the meibomian glands

7. Use of contact lens is very common in patients undergoing
refractive surgery. If the morphological changes in the
glands are not evaluated and documented prior to surgery,
the patient acceptance of the condition aftermath can be
questionable

8. History of use of various medications (systemic and local)
which impact the ocular surface should be taken and impact
on the structures should be noted

9. History of hormonal/dermatologic/systemic ailments which
are known to affect the meibomian gland function need to
elicited prior to any surgical procedure especial corneal
refractive procedure

10.MGD and other ocular surface disorders which impact the
vision (fluctuations) and surgical imaging warrant a more
aggressive treatment and adequate patient counselling

11.Use of face masks due to the pandemic of COVID-19 virus
has been postulated to be associated with ocular surface
irritation and dryness caused due to the expirated air from
the upper edge of the face-mask. Since the existence of a face



2668

INDIAN JOURNAL OF OPHTHALMOLOGY

Volume 68 Issue 12

mask will be a norm for a long time to come, one should
keep this aspect in mind while evaluating these patients.®"]
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