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SYNOPSIS

Glaucoma is the second leading cause of blindness globally®®®® and is defined as a group
of progressive optic neuropathies with characteristic excavated appearance of the optic disc,
(described as cupped) , along with loss of retinal ganglion cells and their axons and
corresponding vision loss.® Primary open-angle glaucoma is the most prevalent of the open-
angle glaucomas® but POAG remains a challenge to diagnose and treat since the early
disease is usually asymptomatic and as the symptoms are noticeable to the patient the disease
is mostly advanced. Hence, a better understanding of risk factors allows for early detection
and more targeted anti-glaucoma therapy.

The raised intra ocular pressure (I0OP) has direct relation to degree of optic nerve damage.®
Amongst the various causative factors, I0OP is the main modifiable factor in etiology of
primary open angle glaucoma.® The 10P can be lowered medically ,by laser or by surgery.
Topical intraocular pressure (IOP) lowering medications are the mainstay of treatment in
initial stages of glaucoma.!!) In most of the patients, the treatment usually involves lifelong
daily application of one or more eye drops from one-to-many times per day. Repeated dosing
of topical anti-glaucoma medications can cause adverse effects to the ocular surface, and

therefore triggering OSD.

Ocular surface disease (OSD) is a multifactorial disorder of tear film, eyelids, cornea and
conjunctiva, characterized by inadequate quantity of tears, an unstable tear film, and ocular
surface breakdown, leading to visual interference.(” Symptoms of OSD can be irritation,
burning, itching, tearing, stinging, and fluctuating visual acuity.(” OSD is a symptomatic
condition, which may affect the patient’s quality of life and compliance to anti-glaucoma
therapy. Signs associated with the ocular surface disease include decreased in tear break-up
time (TBUT), conjunctival hyperemia, dysfunction of the Meibomian gland, and superficial

punctate keratitis.®

Approximately 40% of glaucoma patients require more than one IOP lowering agent daily®,
resulting in longer duration of exposure to the active ingredients and preservatives in topical
anti-glaucoma medications. All the components of topical anti-glaucoma medications,
including the active ingredients, the preservatives as well as the excipients, may be involved
in the occurrence of ocular surface toxicity.). There is strong evidence suggesting that

glaucoma medications may contribute to occurrence of ocular surface disease (OSD) and the



development of dry eye. Studies have shown that OSD is prevalent among glaucoma patients
who require long-term therapy with intraocular pressure lowering medications (9912 The
severity of OSD symptoms is positively correlated with the number of intraocular pressure
(IOP) lowering medications used.®®

OSD has an age-dependent prevalence, with approximately 11% of patients between the age
group of 40 and 59 and 18% of patients being older than age 80 years of age.!Y The
prevalence of primary open-angle glaucoma also increases with age, approximately 1%
among patients between 40-49 years of age to approximately 8% among patients being older
than 80 years of age.!” Therefore, OSD and glaucoma are both prevalent in the elderly.
According to a report, 66% of subjects with severe OSD also have glaucoma. This overlap
between these 2 conditions suggests an interaction between the 2 conditions or their
therapies. Ocular surface disease prevalence is estimated to be about 15% among people

older than 65 years, the percentage increases to 59% in patients with glaucoma.®

Our study aims to differentiate that whether dry eye in glaucoma patients is because of
topical anti-glaucoma medications or glaucoma itself which is further aggravated by topical
AMG.
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INTRODUCTION



INTRODUCTION

Primary open-angle glaucoma is a progressive optic neuropathy that is mostly associated
with raised intraocular pressure (IOP) and that may lead to progressive visual field loss
resulting in blindness.®® According to the European Glaucoma Society Guidelines, the first-
line approach to control 10P is with medical treatment.®>A series of large, multicenter,
randomized controlled studies showed that 10P-lowering therapy could prevent glaucoma
onset from ocular hypertension and prevent further progression in patients with confirmed
diagnosis of glaucoma.®@"(® pDye to the progressive nature of the disease, long-term
treatment is required, with many patients using more than one drug to achieve the target
|OP.™9)

Long term anti-glaucoma therapy is not free from side effects. Ocular surface disease is one
of the major side effects of topical AGM. Causes of ocular surface disease due to anti-
glaucoma medications are thought to be multifactorial. *@%@D |t can be due to either an
allergic or a toxic mechanism.!9@2 Allergic responses are comparatively rare and more
common in the early phases of therapy.??®@ Hence, toxicity is likely to be the common
cause of chronic ocular surface disease®®@?, which can be due to preservatives in topical
AGM or active compounds itself.*> Benzalkonium chloride (BAK) is the most commonly
used preservative in topical AGM® and it has been identified as an independent risk factor
for development of OSD in glaucoma patients.?9@ |t destabilizes the tear film lipid layer
due to its detergent like tensioactive effects, which promotes excessive evaporation of
aqueous tear film. Also, pro-infalmmatory and toxic effects of BAK leads to chronic ocular

surface damage and disruption of tear film homeostasis.?4(5)(6)

Subjective severity of Dye eye disease (DED) can be assessed by various questionnaires
available while damage to ocular surface can be evaluated by a series of objective tests which
include Schirmer test, TBUT, ocular surface staining, tear meniscus assessment, tear

osmolarity assessment and conjunctival impression cytology.

Our study tried to evaluate whether dry eye in glaucoma is due to topical anti-glaucoma
medications and their preservatives or glaucoma itself being aggravated further by topical
AGM. By doing so we can detect dry eye in glaucoma patients at an early stage which will
result in better and effective management of dry eye as well as increase compliance,

adherence to glaucoma therapy. This in turn will lead to better long-term management of
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glaucoma patients with overall improvement in the quality of life of glaucoma patients. In
our study in addition to routinely performed dry eye tests like Schirmer’test, TBUT, ocular
surface staining we also included tear meniscus assessment by AS-OCT and conjunctival

impression cytology which was done in very few studies.
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AIMS AND OBJECTIVES

RESEARCH QUESTION: Is there any difference between ocular surface changes, anterior
segment optical coherence tomography (OCT) and conjunctival impression cytology
findings, corneal and conjunctival staining in the newly diagnosed cases of adult primary
open angle glaucoma and adult patients of primary open angle glaucoma on topical anti-

glaucoma medications.

NULL HYPOTHESIS: There is no difference between ocular surface changes, anterior
segment optical coherence tomography (OCT) and conjunctival impression cytology
findings, corneal and conjunctival staining in the newly diagnosed cases of adult primary
open angle glaucoma and adult patients of primary open angle glaucoma on topical anti-

glaucoma medications.

RESEARCH HYPOTHESIS: There is difference between ocular surface changes, anterior
segment optical coherence tomography (OCT) and conjunctival impression cytology
findings, corneal and conjunctival staining in the newly diagnosed cases of adult primary
open angle glaucoma and adult patients of primary open angle glaucoma on topical anti-

glaucoma medications.

OBJECTIVES:

1.To compare the values of Schirmer test type 1, tear film break up time test, corneal
sensitivity and Ocular Surface Disease Index (OSDI) questionnaire among the newly
diagnosed cases of adult primary open angle glaucoma and adult patients of primary open
angle glaucoma on topical anti-glaucoma medications.

2.To compare the AS-optical coherence tomography findings among the newly diagnosed
cases of adult patient of primary open angle glaucoma on topical anti -glaucoma medications.
3.To compare conjunctival impression cytology findings among the newly diagnosed cases
of adult primary open angle glaucoma and adult patients of primary open angle glaucoma on
topical anti-glaucoma medications.

4.To compare corneal and conjunctival staining findings among the newly diagnosed cases of
adult primary open angle glaucoma and adult patients of primary open angle glaucoma on

topical anti-glaucoma medications.
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REVIEW OF LITERATURE

According to Tear film and ocular society (TFOS) DEWS Il dry eye disease is a
multifactorial disorder of the ocular surface which is characterized by tear film homeostasis
loss, and accompanied by ocular symptoms, in which tear film instability and
hyperosmolarity, ocular surface inflammation and damage, and neurosensory abnormalities
play etiological roles.?” Major differences from the TFOS DEWS definition in 2007 are
recognising loss of tear film homeostasis as a key factor of dry eye diseases along with
acknowledgment of neurosensory abnormalities as an causative factor.?” To classify the
DED, it is essential to identifying the primary DED subtype, i.e., aqueous deficient or
evaporative but TFOS DEWS 11 says that the subtypes of DED rather than being distinct
pathophysiological entities are part of a spectrum of disease. More importantly identifying
the underlying aetiology can be useful in deciding the primary management.?” DED
prevalence ranges from 5 to 50%. Signs of DED has a higher prevalence than that of

symptoms.®®)

The tear film has a precorneal thickness of approximately 2.0 to 5.5 um and it overlies the

conjunctiva and cornea.®” Traditionally, tear film has been divided into three layers.

1. Lipid layer is the most superficial layer of tear film and is about 0.11 pm thick. It is
produced by the meibomian glands. Major functions of this layer is to retard evaporation,

aids in smooth movements of the lids, prevents contamination of the tear film. %

2. Aqueous layer is the middle layer of tear film and is the widest of all the layers. It
constitutes over 90% of tear film. Thickness is approximately 7.0 p and is the produced by
the main lacrimal gland as well as accessory lacrimal glands . Most common cause of dry eye

is the aqueous tear deficiency.?®

3. The mucin layer which is about 0.02-0.05 p thick is closest to the cornea and is produced
by conjunctival goblet cells. Mucin layer helps to lower surface tension of tear film and it
forms loose adsorptive coating thus rendering the corneal and conjunctival surfaces

wettable.?®)

According to TFOS DEWS II , the tear film as a 2- layered interactive structure which is

composed of a mucoaqueous layer and a lipid layer.?” The mucoaqueous layer reduces the
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friction and hydrates the ocular surface. The lipid layer reduces the surface tension of tear

film, minimizes the evaporation and tear film instability.
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Figure 1: Layers of Tear Film
(Adapted from https://images.app.goo.gl/d9jZ6Y DtVRcMRa8F8)

Dry eye disease is classified into two major catogories :

1) Aqueous deficient dry eye (Tear deficient dry eye) where the lacrimal component of tear
is deficient. It can occur in the setting of advanced age, sensory reflex block, use of systemic
drugs , inflammatory infiltration in conditions like Sjoégren syndrome or because of lacrimal

duct obstruction as seen in cicatricial conjunctival disease.

2) Evaporative dry eye (EDE), where the excessive evaporation is the main factors. It can
occur in the setting of meibomian gland dysfunction, since meibomian glands are the main
source of lipid layer of tear film. EDE can also occur due to certain environmental

conditions, use of contact lens, decreased blink frequency.
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Development of DED is a vicious circle. The loss of homeostasis of the ocular surface is the
major pathophysiologic change in DED. Evaporative losses results in frictional damage to
the lids and ocular surface, exacerbating hyperosmolarity.?” Hyperosmolarity at the ocular
surface in turn initiates the inflammatory cascade resulting in damage to epithelial cells,
goblet cells, and tear film instability and eventually breakup. All types of DED enters the
final common vicious circle of inflammation which leads to clinical signs and symptoms of
DED.

Symptoms includes dryness, grittiness, scratchiness, irritation, burning, watering, soreness,
and eye fatigue. In addition to symptoms, the clinical protocol for DED diagnosis requires
the presence of at least one abnormal homeostatic marker. Signs are positive if both or either
of the eyes has a tear film breakup time (TBUT) of <10s, a Schirmer test score of <10 mm, a
Rose Bengal staining score of >1, a Lissamine green staining score of >1 ? Meibomian
gland features and tear meniscus assessment can help to classify the predominant DED
subtype and severity and to direct initial management.

At present we do not have any single gold standard test for establishing a clinical diagnosis
of dry eye disease and it is well known that there is a poor correlation between the signs and

symptoms of DED.

Below mentioned are various subjective and objective clinical tests that can be used to make

the diagnosis of dry eye disease:

1. A number of validated questionnaires have been developed to assess the subjective
experience of dry eye symptoms in patient which can help to established a more objective
and reproducible data that can aid in better management and treatment of patients with dry
eye disease. Currently the most commonly used questionnaires are the National Eye Institute
Visual Function Questionnaire-25 and the Ocular Surface Disease Index because of they are

mutlidemsional and assess the quality of life changes in the patient of dry eye disease.

A) National Eye Institute created the NEI-VFQ25 to determine the impact of visual
impairment on DED patient’s current health-related quality of life. This questionnaire
includes the questions that deals with irritation in and around the eye. It is a 25-item
questionnaire which scores on a scale of 0 to 100 points. A score of 0 is the worst score, and

a score of 100 is the best score. They derived this questionnaire from a 51-item version of the
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NEI-VFQ. The 25-item questionnaire has an advantage over original questionnaire since it
takes shorter time to fill this as compared to the original one while retaining the
multidimensionality, reliability, and validity of the original one making it better for use in
clinical settings and research.

B) OSDI questionnaire is a gold standard questionnaire which was developed by the
Outcomes Research Group at Allergan Inc. This is a 12-item questionnaire which evaluates
the dry eye symptoms and the effects they have on vision-related function of patient’s life in
the past one week. Ocular symptoms, vision-related function, and environmental triggers are
the 3 subscales of this questionnaire. Patients rate their responses on a 0 to 4 scale with 0
representing to “none of the time” and to “all of the time.” A final score ranges from 0 to 100
with scores of 0 to 12 denoting normal, 13 to 22 denoting mild dry eye disease, 23 to 32
denoting moderate dry eye disease, and greater than 33 denoting severe dry eye disease in a
patient. According to few studies a statistically significant inverse correlation exists between
the tear film break up time and OSDI score. This questionnaire has a good specificity (0.83)
and a moderate sensitivity (0.60) when differentiating between the patients with dry eye

disease and normal subjects.

C) McMonnies Questionnaire was developed by McMonnies et al. to screen for symptoms of
dry eye and to assess their risk factors. It has 14 questions that mainly focuses on the risk
factors of dry eye. Gender, age, dry eye symptoms ,history of contact lens use, secondary
symptoms, medical conditions associated with dry eye syndrome, dryness of mucous
membranes, medication history, and any history of previous dry eye treatments are the risk
factors included in this questionnaire. This questionnaire also helps to detect the patients at
risk for developing dry eye disease due to exposure to certain factors that the instrument

indicates.

D) Standard Patient Evaluation of Eye Dryness Questionnaire (SPEED) was designed by
Korb and Blackie. Score in this questionnaire ranges from 0 to 28. The questionnaire also
evaluates whether these symptoms were not problematic, tolerable, uncomfortable,
bothersome, or intolerable. The questionnaire also assessed the changes in symptoms
diurnally and over the period of 3 months. This questionnaire has a sensitivity of 0.90 and a

specificity of 0.80.
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2. Corneal sensation can be measured in all the quadrants of eye by using a cotton tip
applicator (qualitative method) or more precisely with a Cochet-Bonnet esthesiometer
(quantitative method).

3. Tear break up time (TBUT) is an indicator of tear film stability. After instilling a drop of
topical anesthetic agent TBUT test is performed by application of fluorescein dye in inferior
palpebral conjunctiva after the gentle depression of the lower eyelid. Then the patient is
asked to blink several times for uniform spread of dye. Tear film is then examined with slit
lamp under cobalt blue filter. The time interval between the last blink and the appearance of a
first hypo-fluorescent spot or streak is recorded as the TBUT. TBUT less than 10 s is
abnormal and graded as: >10 s= normal (grade 0);6.1-10 s= fair (grade 1); 3.1-6 s= moderate
(grade 2); <3 s= poor (grade 3).

Figure 2: TBUT under cobalt blue filter
(Adapted fromhttps://images.app.goo.gl/My45n9pz13hoHSue7)

4. Ocular surface staining
Following dyes are available clinically for ocular surface staining:

A) Sodium fluorescein dye (C20H10Na205) is an orange coloured fluorescent dye with a
peak excitation range between 450-500nm and it fluoresces at 500-600nm.®% Main clinical
use is to visualize the tear film stability and to highlight the ocular surface epithelium

integrity. It is seen with slit lamp biomicroscope under cobalt blue filter.
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Figure 3: Sodium fluorescein strips
(Adapted from https://images.app.goo.gl/71FjkDsJIfnfGgiY Z7)

B) Lissamine green dye (C27H25N2Na07S2) is a greenish-blue coloured non- fluorescent
dye with a molecular weight of 577g/mol. Slit lamp biomicroscope is used to visualize this
staining either with the help of white light which produces a blue-green stain, or with the use

of red barrier filter that results in a black appearance to the pattern of ocular staining.

Figure 4:Lissamine green strips

(Adapted from https://images.app.goo.gl/PiajGFHeca32cvJwb)

C) Rose bengal (C20H2Cl414Na205)dye was introduced in 1903 by Schirmer. It is a
disodium salt with a molecular weight of 1018g/mol and it binds to cell nuclei. It is also seen

with slit lamp biomicroscope under white light with no barrier filters.
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Figure 5: Rose Bengal strip
(Adapted from https://images.app.goo.gl/6JiUQLiI3Ncbo8ty5A)

A number of grading scales area present to evaluate the ocular surface staining , although no
“gold standard” universally accepted grading scale exists for corneal and conjunctival

staining.GY
The most commonly used scales in clinical practise are:

A) NEI (National Eye Institute) grading scale consists of a grid which divides the cornea
into five parts and conjunctiva into six parts. Each part is assigned a score between zero and
3 depending on the amount and distribution of staining. The total score ranges from 0

(denoting the absence of corneal epitheliopathy) to 15 (denoting severe epitheliopathy).
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Score each of 5 areas of the cornea and total score:

0

|: Grade O Grade 2
E Grade 1 Grade 3

Score each of 6 areas of the conjunctiva and total score:

|:] Grade O Grade 2
II] Grade 1 Grade 3

Add cornea and conjunctival scores for total score

Figure 6: NEI ocular grading
(Adapted from https://images.app.goo.gl/LiGc4Qc4DLYYABXCA)

B) Oxford grading scale consists of a series of panels which are labeled from A-E, in
increasing order of severity. This scale reproduces the staining patterns that are commonly
encountered in dry eye disease patient and are used as a guide to grade the amount of staining
observed in the patient.®?In each panel, the amount of staining is represented by punctate
dots. The number of dots seen increases by 1 log unit between panel A and B and by 0.5 log
units between rest of the panels from.®? Staining is graded by comparing the panels and the
appearance of staining seen on the cornea and exposed interpalpebral conjunctiva of the
patient. No attempt should be made to count the dots seen or to assess the confluence or

position of the dots.
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Panel Staining pattern Grade Crtieria

A 0  Equalto orless
q D than panel A

B | Equal to or less

than panel B,
greater than A
Il Equal to or less
than panel C,
greater than B

Equal to or less
than panel D,
greater than C

C

Equal to or less than
panel E, greater
than D

>E \Y Greater than panel E

Figure 7: Oxford grading scale
(Adapted from https://images.app.goo.gl/79pxf3gP7Z26aS8TDA)

3. In the van Bijsterveld schema, the in-tensity of lissamine green (a dye that stains

devitalized epithelial cells and has replaced Rose Bengal) is scored in the two exposed
conjunctival zones and cornea are scored between 013, giving a maximum score of 9. In the
van Bijsterveld schema, the in- tensity of lissamine green (a dye that stains devitalized
epithelial cells and has replaced Rose Bengal) is scored in the two exposed conjunctival

zones and cornea are scored between 0-3, giving a maximum score of 9

C) Van bijsterveld score was published by Van Bjisterveld for an ocular surface grading in
keratoconjunctivitis sicca almost 50 years back. Rose bengal dye was used originally to stain
the ocular surface. A modification to the score was introduced with the 2002 revised

American European Consensus Group (AECG) criteria which allowed the use of fluorescein
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dye to stain the cornea and the use of lissamine green dye to stain the conjunctiva because
rose bengal is associated with significant patient discomfort.®® In this staining score the
entire cornea and the nasal and temporal conjunctiva are scored using a 0-3 grading system
based on increasing intensity of staining. According to AECG criteria, a Van bijsterveld
score of 4 or more in either eye is considered positive.®

D) The OSS was calculated for each eye as follows: for the cornea, the fluorescein staining
is used with score ranging from 0-3 score, O if punctate epithelial erosions are absent , 1 if 1-
5 erosions are seen ; 2 if 6-30 erosions are noted and for > 30 erosions, the score of 3 is
given. An additional point is added to the corneal score for each of the following (if present):
erosions seen in the central 4 mm of the cornea (pupilar staining), the presence of >1corneal
filaments, or areas of confluent staining. Lissamine green staining is used to stain temporal
and nasal conjunctiva and is scored similarly, with a grade of 0-3.New ACR/EULAR criteria
uses a threshold of 5 or more for a positive OSS in Sjogren syndrome.®%

A van Bijsterveld Score (vBS) B Ocular Staining Score (0S8)
Conjunctiva (Lissamine Green") and Conjunctiva: Comea: 3 I__3_] 3
Comea (Fluorescein) Lissamine Green |  Fluorescein
Score Spols Grade Dots | Grade Dots
0 None 0 09/ 0 0
1 Sparsely scattered 1 10-32] 1 1-5
2 Densely scalered 2 3100 2 6-% 9
3 Confluent spots 3 100 | 3 =30 +
" Lissamine Grean or Rose Benga Patches of confluent staining = +1 3
= Maximum Scare Staining in papillary area = +1
Positive 2 4 One or more filaments = +1 =
- 12
Positive 2 3* or 2 5

Maximum Score

Figure 8: Van bijsterveld score and Ocular surface score

(Adapted from https://images.app.goo.gl/T4rwxyiUv7eUf92s6)

In the present scenario, the Oxford and NEI scales are the most commonly used in clinical

trials to grade the ocular surface staining because of the systematic methodology they use.
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Despite being more systematic, these ocular surface staining scales are still observer
dependent and subjective, and therefore are susceptible to high interobserver and

intraobserver variance.

5. Schirmer test is done using Whatman filter paper no. 41 which measures 40x5 mm with
markings from 0 to 35 mm. It can be done with and without topical anaesthesia. Schirmer test
type | is done without anaesthesia and it measures both basal and reflex lacrimation while
Schirmer test type Il is done with anaesthesia but is done following nasal stimulation. It
measures only reflex lacrimation and it has been seen that it is reduced more in Sjogren’s
syndrome compared to non-Sjogren’s dry eye. The Schirmer test is done by placing a
schirmer’s strip at the junction of medial 2/3" and lateral 1/3™ of lower eyelid after gently
pulling the lower lid down. Then the length of the moistened portion of the strip after 5
minutes is measured and graded as: >10 mm= normal (grade 0); 5-10 mm= mild (grade 1); 3-

4 mm= moderate (grade 2); 0-2 mm= severe (grade 3).
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Figure 9: Schirmer Strips
(Adapted from https://images.app.goo.gl/pBfTnCfxgygZZP8Q6)

6. It has been proposed by many studies that topical AGM exerts adverse effects on the
conjunctiva.®)®8) As most of the glaucoma patients will eventually require the filtration
surgeries.®” Presence of a healthy conjunctiva is one of the pre-requisites for the successful
outcome of filtration surgeries. Conjunctival inflammation and scarring due to long term use
of topical AGM, predisposes the patient to poor outcome after glaucoma filtration
surgery.®®@") Conjunctival impression cytology is a safe, painless tool to obtain cytologic

specimens of conjunctiva to assess the changes in conjunctiva. It can be used both as a
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diagnostic and prognostic test in assessment of ocular surface. Impression cytology
specimens are obtained with the help of nitrocellulose membrane filter (pore size
0.22p).After fixing the smear with 95% ethyl alcohol, the smears are stained with

Papanicolau stain and/or Periodic Acid Schiff stain and graded accordingly.

7. Assessment of tear meniscus

A vital role is played by tear meniscus in tear dynamics because it has been reported that tear
meniscus holds around 75-90% of the total tear film volume.®® Modifications that tear
meniscus (TM) undergoes in the presence of ocular surface diseases (OSDs) are extremely
important, with TM curvature, height, width, and cross-sectional area, considered as
structural indicators of EDE.“% Tear meniscus parameters can be determined by various
methods like using a reticule at the slitlamp, image capture, interferometry, reflective
meniscometry and OCT.“D(#2@3)44) Amongst all , the OCT has high sensitivity (67.0-80.5%)
and specificity (81-89.3%) along with shown good repeatability (ICC = 0.900-0.981) for the

diagnosis of dry eye disease.“»“0(47

Optical coherence tomography (OCT) was first introduced in 1991 for imaging of the
posterior segment of the eye™® and 3 years after that , first anterior segment-OCT (AS-OCT)
was introduced.®® Anterior segment-optical coherence tomography (AS- OCT) is a
noninvasive, noncontact, and rapid method which is able to morphologically evaluate and
capture the high-resolution cross-sectional images of all the structures in anterior segment of
the eye along with the ocular surface epithelium and the tear film. AS-OCT has also been

utilized to analyze the precorneal tear film and the TM.®9

OCT measures the delay of light reflected from various ocular tissues.®? It utilizes a
Michelson interferometer, which creates a reference beam , which is usually of infrared light
against which multiple other beams of light are measured as they return from the differently
reflective tissues of the eye. Device creates multiple interference patterns over the surface of
the structure that is being imaged resulting in creation of a series of A-scans. All these A-
scans are combined to create a composite cross-sectional B-scan. There are mainly two major

types of OCTs available. Time domain OCT and Fourier-domain OCT. The Fourier domain
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system has a advantage over time domain OCT because it provides a faster acquisition times

more detailed visualization of ocular tisses due to its higher resolution.®?
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Figure 10: The Basic Principle of Optical Coherence Tomography

(Adapted from http://obel.ee.uwa.edu.au/research/fundamentals/introduction-oct/)

AS-OCT allows to capture and measure a high quality image of the tear meniscus. Tear
meniscus is basically a triangular shape of wedge of tear film present between the lower lid
margin and ocular surface.®? Three parameters can be measured in the image; tear meniscus
height, tear meniscus depth, and tear meniscus area. The averages of TMH, TMD, and TMA
were 295.58 + 58.36 um, 166.67 + 30.43 um, and 0.0360 + 0.01100 mm2 in normal eyes.®®
Tear meniscus height (TMH) is defined as the vertical linear length present between upper
end of tear meniscus which is reaching the cornea and lower end of the tear meniscus which
is reaching the lower conjunctiva.®® Tear meniscus depth (TMD) is the horizontal linear

length between the outer limit of the tear meniscus and apex.®?
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Figure 11:Tear meniscus on AS-OCT
(Adapted from https://images.app.goo.gl/hQpcUnb23HBPvCUW5)

Topical anti-glaucoma medications has a critical role in the management of glaucoma
worldwide. Due to the chronic nature of the disease, most of the patients requires lifelong
therapy with topical anti-glaucoma medications which leads to ocular surface disease, a
frequently reported side effect of long duration topical antiglaucoma therapy. All ocular
surface structures are modified during the medical management of glaucoma, including the
conjunctiva, the conjunctiva-associated lymphoid tissue, cornea and corneoscleral limbus,
meibomian glands (MGs), and tear film. Of note, alterations affecting these structures are

similar, at least in part, to those observed in evaporative dry eye (EDE).

To reduce the risk of bacterial contamination in multi-dose bottles of anti-glaucoma eye
drops, preservatives are added to them. Most commonly used preservative is benzalkonium
chloride (BAK). Ocular surface disease due to topical anti-glaucoma medications can be due
to either preservative used in topical AMG or active ingredient itself or both. BAK damages
the DNA which results in disruption of cellular architecture of corneal epithelium, disrupts
the tight junctions and induces cell death. All these events decreases the cellular viability,
induces inflammatory response, and impairs the cellular proliferation. It also causes
subconjunctival fibrosis and loss of goblet cells which results in worsening of quality of tear
film and aggravates the symptoms of ocular surface diseases. By all the above mentioned
factors, BAK negatively affects the long-term success rate of glaucoma filtering surgery.® It
also has an adverse effect on the quality of life in glaucoma patients. Hence, the development
of less toxic preservatives, preservative free topical medications, and non-drop therapy like

drug-eluting systems for the delivery of ocular medications, are advocated in the better care
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and quality of life in glaucoma patients along with a increased compliance which eventually

leads to effective management of glaucoma and good results of glaucoma filtering surgery.

1. Pérez-Bartolomé F et al® conducted a study in 2017 to see the relationship between
ocular surface disease (OSD) and topical antiglaucoma therapy. In the study a total of 211
eyes of 211 patients with open-angle glaucoma or ocular hypertension on topical medication
were recruited over the period of 10 months. 51 eyes of 51 healthy age- and sex-matched
volunteers were recruited as controls. Type of anti-glaucoma medications used , the number
of medications used, and daily and cumulative preservative concentrations (PC) were
recorded in all the patients. Outcome was assessed based on fluorescein corneal staining
score (Oxford scale), lower tear meniscus height (LTMH) (spectral-domain optical coherence
tomography), non-invasive tear film breakup time (NI-TBUT) (Oculus Keratograph 5M), and
OSD symptom questionnaire index (OSDI). As compared to controls, a significantly higher
OSDI (median 10.24 [4.54-18.94] vs 2.5 [0-12.5]; p<0.001) and corneal staining (>1: 64.93%
vs 32.61%; p<0.001) scores were recorded in the anti-glaucoma medication group. Although
no significant difference was noted in NI-TBUT and LTMH between the groups (p>0.05).
Lower LTMH (R -0.142; p = 0.043) was found in higher daily PC. Multivariate analysis in
the medication group, identified correlations between benzalkonium chloride (BAK) (odds
ratio [OR] 1.56) and BAK plus polyquaternium-containing drops (OR 5.09) or higher OSDI
(OR 1.06) and abnormal corneal staining test results and between older age (mean ratio [MR]
1.05), longer treatment duration (MR 1.02), or corneal staining presence (MR 1.22) and a
higher OSDI score. This study concluded that medication group had a higher prevalence of
ocular surface disease. Drops with preservatives, longer treatment duration, and older age

were the major factors impacting OSD.

2. Norlina Ramli et al carried out a cross-sectional, case-comparison study between June
2012 and January 2013 to calculate the prevalence of ocular surface disease (OSD) in
glaucoma and nonglaucoma subjects and to determine the effect of number of antiglaucoma
medications and preservatives on OSD via various clinical tests.105 Glaucoma patients (n =
105) on topical antiglaucoma medications were compared with 102 controls who were not
on any topical medications. Ocular Surface Disease Index (OSDI) questionnaire grading ,tear
film breakup time (TBUT) test, corneal staining, Schirmer test were used to assess the
presence of OSD. According to this study prevalence of OSD varied from 37 to 91% in the

glaucoma group. In the glaucoma group subjects had corneal staining (63% vs. 36%, p =

18|Page



0.004), abnormal Schirmer tests (39% vs. 25%, p = 0.049), and moderate OSDI symptoms
(17% vs. 7%, p = 0.028). Use of higher numbers of topical medications was associated with
increased percentage of abnormal TBUT . Increased percentage of abnormal TBUT was also
seen with both benzalkonium chloride containing and preservative-free eye drops (90% and
94%, respectively, both p G 0.001). Nearly three times higher odds ratio of abnormal OSDI

was associated with Benzalkonium chloride.

3. Houda Lajmi et al® conducted a cross-sectional study to assess the clinical and the
functional findings in patients with glaucoma on preserved anti glaucoma eyedrops having
ocular surface alterations and to analyze their risk factors. 155 patients with glaucoma were
enrolled in the study. Each patient answered the “Ocular Surface Disease Index” (OSDI)
questionnaire and underwent thorough evaluation of the ocular surface state via Schirmer I
test, tear break-up time evaluation, eyelid, conjunctival, and corneal examination with a
Fluorescein and a Lissamin green test. Factors (age, sex, glaucoma treatment duration,
number and type of the active principle, and Benzalkonium Chloride [BAK] use) that could
influence the OSDI score and each type of ocular surface alteration were assessed. BAK was
present in 80% of anti-glaucoma eyedrops . In 61.3% of cases ,0SDI score was >13.
Biomicroscopic signs of ocular surface disease were at least minimal in 87.1% of cases.
Duration of glaucoma treatment (P = 0.01, t = 2.618), the number of molecules used (P =
0.018, t = 2.391), and the use of BAK (P = 0.011, t = 2.58) were the main predictors of
increased OSDI score. The biomicroscopic signs severity correlated with these same risk
factors . Fixed combination of anti-glaucoma eyedrop was statistically associated with a
reduced incidence of superficial punctate keratitis (SPK) and corneal and conjunctival
staining in the Lissamine green test (P < 0.001). Significantly higher risk of SPK and corneal
or conjunctival staining in the Lissamine green test (P < 0.001) was associated with Beta-
blockers class of anti-glaucoma eyedrops. Conclusion drawn from this study was that the
preserved anti-glaucomatous eye drops alter the patients’ ocular surface and the major risk
factors were advanced age, duration of glaucoma treatment, multiple therapies, and the use of
BAK.

4. Fechtner RD et al®® carried out a prospective observational study in 2009 to look for
prevalence of ocular surface disease (OSD) in patients with glaucoma using topical anti-
glaucoma medications. They enrolled 630 patients with primary openangle glaucoma or

ocular hypertension who were on a topical anti-glaucoma medications. For each enrolled
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patient OSDI scores (0-100, with O representing no symptoms) were calculated .Detailed
medical history, demographics, and concomitant medication use information were also
obtained. Out of 630 participating patients , 305 patients (48.4%) had an OSDI score
depicting either mild (n = 134, 21.3%), moderate (n = 84, 13.3%), or severe (n = 87, 13.8%)
OSD symptoms. A significant difference in OSDI scores between patients with and without a
prior diagnosis of dry eye syndrome (25.2 6 15.4 vs 15.4 6 15.8, respectively; P = 0.0036)
and also between patients who did and did not use artificial tears at the time of participation
in the study (23.0 6 15.6 vs 15.3 6 15.8, respectively; P = 0.0046) was noted. Number of
topical 10P-lowering medications used was associated with significant variation in mean
OSDI scores. Higher (more severe) OSDI scores were seen in patients using multiple 10P-
lowering medications. Patients on one anti-glaucoma medication had a mean OSDI score of
12.9 6 13.1, which was significantly lower when compared to patients on 2 (16.7 6 17.0; P =
0.007) or 3 anti-glaucoma medications (19.4 6 18.1; P = 0.0001). Conclusion drawn from this
study was that OSD is prevalent among patients with glaucoma who are treated with anti-
glaucoma medications and number of IOP-lowering medications used had a positive

correlation with severity of OSD symptoms.

5. A multicenter, randomized ,prospective, parallel group, single-blind clinical study was
done by Russ HHet al®® in the year 2013 to compare ocular surface changes because of
glaucoma treatment in patients using fixed combinations of prostaglandin analogues
(travoprost, latanoprost and bimatoprost) with 0.5% timolol maleate. The study enrolled 33
treatment naive cases with ocular hypertension or open angle glaucoma. Ocular surface
assessment was done before initiating the treatment and three months after treatment. Effect
of these anti-glaucoma medications on ocular surface were evaluated via Schirmer’s test,
tear film break-up time, Lissamine green staining, Ocular Surface Disease Index
questionnaire, immunocytochemistry for interleukin-6 and HLA-DR, impression cytology
using HE and PAS. The study showed a decreasein Schirmer’s test results with all of the
above anti glaucoma drugs and also a decreases in tear-film break-up time test results with
travoprost/ timolol and latanoprost/timolol along with increase in the Lissamine green score
with travoprost/timolol and bimatoprost/timolol. In the travoprost/timolol group , Ocular
Surface Disease Index score increased after treatment. In impression cytology there was a
significant difference in cell-to-cell contact in the same group with an increase in cellularity
and an increase in the number of goblet cells in all of the groups. An increase in IL-6

expression along with an increase in HLA-DR expression in the travoprost/timolol group
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was also seen. Conclusion derived from this study was that travoprost/timolol group showed
increased expression of the inflammatory markers HLA-DR and interleukin-6 and all the
above fixed combinations of anti-glaucoma medications resulted in hazardous effects on the

ocular surface after three months of glaucoma treatment.

6. In a study conducted by Aydin Kurna S et al® a comparative analysis of effects of
various antiglaucoma eye drops as monotherapy on tear functions and ocular surface for the
period of 12 months follow up was done. It was a randomized prospective study.85 eyes of
43 patients with primary open angle glaucoma who had no past history of topical
antiglaucoma drugs use were enrolled in the study. Patients were divided into six groups and
started on 0.5% timolol maleate(preservative free)-group 1; 0.5% timolol maleate with
0.012% benzododecinium bromide -group 2; 0.005% latanoprost with 0.02% BAK- group 3;
0.03% bimatoprost with 0.005% BAK-group 4; 0.004 travoprost with 0.015% BAK-group 5;
0.1% brimonidine with purite 0.005%-group 6.0utcome variables were conjunctival
impression cytology (performed at 3rd, 6th, and 12th months for each eye) , tear film breakup
time (TBUT), staining scores (SS), and Schirmer (SCH) | tests( done before starting the
treatment and then at 1st week, at 1st, 3rd, 6th, and 12th months). According to this study
there was no statistically significant difference in mean SCH 1 test results among the groups
during the course of the study (P > 0.05)TBUT changes were absent in groups 1, 2, 3, and 6
before and after the treatment although there was a significant decrease in TBUT in group 4
at 1st week and 1st month controls (P = 0.048, P = 0.0019) and in group 5 at 1st week and
1st, 3rd, 6th, and 12th month controls (P = 0.018, P = 0.004; P < 0.05). Groups 1 and 2
showed higher corneal staining scores , while a higher conjunctival staining scores were seen
in group 6. In groups 1 and 5 decreased goblet cell count were seen in superior and inferior
quadrants while in group 2 in Goblet cell count decreased in superior quadrant and in groups
3 and 6 decrease in goblet cell count were seen in in inferior conjunctiva. A significant
increase in grades of squamous metaplasia were observed in in groups 1 and 2 at 3rd, 6th,
and 12th month controls (P < 0.05). This study concluded that a nonserious impact on tear
function tests and low-grade metaplasia with topical antiglaucoma monotherapy at the end of
12th month control was observed. Preserved and non-preserved beta blockers resulted in
higher damage to the ocular surface when compared to prostaglandin analogues and
brimonidine-purite. Overall this study suggested that besides preservative substances, the
number of times an antiglaucoma medications used in a day and active substances are also

responsible for the ocular surface changes seen.
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7. Gozawa M et al®, carried out a study to evaluate the effects of various factors in
preservation rate of the borderlines of conjunctival layers in the patients with glaucoma
treated with anti-glaucoma eye drops. 199 patients(328 eyes) with and without anti-glaucoma
eye drops were enrolled in the study. Analysis of anterior segment optical coherence
tomography (AS-OCT) images of superior bulbar conjunctiva was carried out in order to
quantify the preservation rates of the conjunctival layer borderlines. This study showed lower
preservation rates of the borderlines between both the conjunctival stroma/Tenon’s capsule
(P <0.001 and P < 0.001, respectively) and Tenon’s capsule/sclera (P <0.001 and P < 0.001,
respectively)were associated with increase in number of anti-glaucoma eye drops and a
longer duration of anti-glaucoma medications used. Prognostic factors for lower preservation
rates of the borderlines between both the conjunctival stroma/Tenon’s capsule (P < 0.001 and
P = 0.009, respectively) and Tenon’s capsule/sclera (P < 0.001 and P = 0.008, respectively)
were prostaglandin analogs and fixed combinations of B-blockers/prostaglandin analogs
while a significantly higher preservation rates were seen with a2-receptor agonist (f = 0.103,
P = 0.021) when compared to other anti-glaucoma eye drops. Conclusion derived from the
study was that the several anti-glaucoma eye drops and their long-term administration are

responsible for disruption of the bulbar conjunctival borderlines as detected by AS-OCT.

8. A Cross-sectional comparative study conducted by Hong S et al®® to determine the
effect of various topical antiglaucoma eye drops on conjunctival impression cytology
specimens. The study enrolled a total of 170 patients (170 eyes) with primary open-angle
glaucoma and 20 normal subjects (20 eyes). All patients with primary open-angle glaucoma
were treated for six months (timolol n 34; latanoprost n 40; dorzolamide n 32; timolol+
latanoprost n 30; timolol +dorzolamide n 34). No ophthalmic abnormalities were present in
controls and they did not receive any topical anti-glaucoma eyedrops. Impression cytology
specimens were collected from inferior bulbar conjunctiva of the eyes taking no topical anti-
glaucoma eyedrops (controls= n 20) and from the eyes taking antiglaucoma medications.
Nelson’s grading was used to grade the specimens on a scale of zero to three. A significantly
higher cytology scores were obtained in the medication group as compared to the control
group. Mean cytology scores of the control, timolol, latanoprost, dorzolamide, timolol
latanoprost, and timolol dorzolamide group were 0.20, 1.62, 2.00, 1.75, 2.13, and 2.44,
respectively. A significantly higher cytology scores were seen in fixed-combination therapy

group when compared to the monotherapy group. A considerable degree of squamous
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metaplasia was associated with longer duration of use of Several commercially available

topical antiglaucoma eyedrops .

9. To evaluate the tear meniscus in medically controlled primary open angle glaucoma
patients with the help of anterior segment-optical coherence tomography (AS-OCT) an
interesting case-control, single-center, observational study was done by Agnifili L et al®® in
2019.They included 56 medically controlled primary open angle glaucoma patients, 24
patients with evaporative dry eye (EDE), and 30 healthy subjects (controls) . Medically
controlled primary open angle glaucoma was further subdivided into group 1 :B-blockers(n=
14 eyes); group 2 (: prostaglandin analogs (n= 14 eyes) ; group 3 : >2 drugs (n= 28 eyes)
Ocular Surface Disease Index (OSDI) questionnaire, Schirmer Test I ,tear film break-up time
test , corneal fluorescein staining and tear meniscus height (lower and upper: L-TMH, U-
TMH) and area (L-TMA, U-TMA) via AS-OCT, were performed in all the enrolled
patients.A significantly higher OSDI score was observed (P < 0.05) in patients with
evaporative dry eye and in group 3 when compared with groups 1, 2, and controls. In groups
1to 3 (P < 0.05 and in EDE patients (P < 0.001) L-TMA was significantly lower as
compared with controls, and it was also significantly lower in group 3 and in EDE patients
when compared to groups 1 and 2 (P<0.05). Similar results were seen in L-TMH. In groups 1
to 3 and in EDE patients , L-TMH was lower as compared to controls (P < 0.001), and in
EDE patients and in group 3 compared with groups 1 and 2 (P<0.05). A lower U-TMA was
observed in EDE and MCGP groups compared with controls (P < 0.05). There was a
negatively correlation of L-TMA and L-TMH with OSDI score (P < 0.01, =0.379 and
P<0.01, r=—0.352, respectively).Between group 3 and patients with EDE there were no
significant differences in all the clinical parameters. AS-OCT is a non-invasive , quick and
reliable modality for imaging of tear meniscus in medically controlled glaucoma patients
demonstrating the glaucoma- related ocular surface disease as a dry eye disease—like
condition. Therefore, a reduction values of TMH and TMA can be considered as a structural

indicators of topical anti-glaucoma (eyedrops) therapy-related ocular surface disease.

10. Another prospective, cross-sectional study to assess the quality of life in glaucoma
patients with the help of Ocular Surface Disease Index (OSDI) questionnaire and their
relationship with dry eye clinical signs was done by Guarnieri A et al.®A total of 209
patients participated in the study. Out of the 209 patients, 147 patients diagnosed with

bilateral open-angle glaucoma and were on one or more anti- glaucoma eyedrops in both eyes
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for at-least 1 year, 21 patients had a history of bilateral glaucoma filtration surgery without
any topical anti- glaucoma eyedrops ion either of the eyes (at least 12 months before the
study). 41 subjects were taken as controls. All the enrolled participants ,filled the OSDI
questionnaire along with evaluation of dry eye signs via 3parameters- (1) non-invasive tear
break-up time (NITBUT),(2) conjunctival hyperaemia , (3) Meibomian gland depletion . All
the above parameters were measured using the Keratograph5 M . The total-OSDI (T-OSDI)
score was subdivided into discomfort-OSDI scores and visual field-OSDI scores. A higher T-
OSDI and sub-scores was found in glaucoma patients (both medically treated and surgically
operated glaucoma patients) when compared with controls (p \ 0.05); but there was no
difference between group treated with anti-glaucoma medications and the group which
underwent glaucoma filtration surgery. Positive correlations were noted amongst T-OSDI
values and Schirmer test (p = 0.016), ocular surface staining (p \ 0.001) and the MGD (p =
0.006).The OSDI subscores were associated with the ocular surface staining (VF p = 0.013
and D p = 0.003). In medically treated patients, the number of drops per day positively
correlated with T-OSDI and OSDI subscores (p = 0.017 and p = 0.005). Conclusion derived
from this study OSDI scores are increased in the glaucoma patients (both medically treated
and surgically operated glaucoma patients) as compared to controls without any significant
differences between medically treated and surgically operated glaucoma patients. A higher

OSDI scores were associated to more severe dry eye signs andante-glaucoma medications.

11. A prospective observational study conducted by Pai, V et al®® during the period between
August 2013 and September 2015 to determine the difference in prevalence of ocular surface
disease (OSD) in patients on antiglaucoma eyedrops vs normal subjects .The study
comprised a total of 188 participants, out of which 94 patients with glaucoma (primary open
angle glaucoma, primary angle closure glaucoma, combined mechanism glaucoma,
pseudoexfoliation, and pigment dispersion glaucoma) on topical antiglaucoma eyedrops for a
period of more than six months constituted the study group while 94 age- and gender-
matched normal subjects who were not on any topical medications constituted the control
group. All the participants were evaluated for ocular surface disease through ocular surface
disease index (OSDI) questionnaire, tear break-up time (TBUT), Lissamine green staining of
cornea and conjunctiva, and Schirmer’s test |. According to this study the group with
participants on anti-glaucoma eyedrops (72.4%) had a significantly higher prevalence of
OSD when compared to controls (44.6%) using OSDI questionnaire.84% patients had

reduced tear production in the study group vs 53% in controls as depicted by Schirmer’s test
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I. An abnormal TBUT was found in 67.1% of the participants in the study group and of
47.8% control group.36.2% of patients in the study group while 31.8% of controls had a was
positive Lissamine green staining of cornea and conjunctiva. This study derived a
Conclusion that ocular surface disease was more prevalent in patients on intraocular pressure
(10P)-lowering eyedrops than in controls and also a longer duration of anti-glaucoma therapy

and multiple 10P lowering eyedrops were associated with more severe OSD.

12. Kamath AP et al® did a prospective cohort study in order to see the changes in
conjunctival epithelium caused by long term use of topical anti-glaucoma therapy. 100 cases
of primary open angle glaucoma were included in the study and they were divided into four
groups of 25 patients each. Group 1 started on eyedrop Timolol, group 2 on eyedrop
Pilocarpine, group 3 on eyedrop Brimonidine and group 4 on eyedrop Latanoprost. All the
cases were followed up over the period of 1 year. Ocular surface changes due to topical anti-
glaucoma were evaluated using Schirmer’s test, tear film break up time (BUT) and
conjunctival impression cytology, done once in 3 months. At the end of 1 year decreased
Schirmer’s test value was seen in 40% of cases and reduced tear film BUT values in 26% of
the cases. These changes were higher in patients on timolol eyedrops. There were also a
significant changes in conjunctival impression cytology that included decreased density of
goblet cells , squamous metaplasia and presence of inflammatory cells. Inflammatory
responses were more common with brimonidine and pilocarpine treated POAG patients
treated while squamous metaplasia was more commonly seen with latanoprost eyedrops. This
study concluded that conjunctival impression cytology is a non-invasive modality to assess
the effect of topical anti-glaucoma medications on ocular surface and the ocular surface
changes were significantly higher in patients on topical anti-glaucoma medications . These
changes in ocular surface had a direct relationship to duration of treatment with anti-

glaucoma medications.

13. An observational, cross-sectional study conducted by Rossi GC et al® to look for the
signs and symptoms of ocular surface disease (OSD) in patients treated with Intra Ocular
Pressure (IOP)-lowering topical medications and also to assess the relationship among the
signs and symptoms of OSD; along with identification of methods to diagnose and follow a
case of OSD with its impact on the quality of life. 233 patients were included in the study.
184 subjects had a diagnosis of POAG (, 78.9%), 37 patients (15.8%) presented with Ocular

hypertension, 6 patients had (2.6%) pseudo-exfoliative glaucoma , 5 patients (2.2%) normal
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tension glaucoma and 1 patients had (0.4%) pigmentary glaucoma. To be included in the
study, the subjects should have been treated with topically administered benzalkonium
chloride- preserved IOP lowering medications. A complete ophthalmic evaluation was done
and tear film break-up time (TF-BUT) and fluorescein corneal staining (keratitis punctatae)
were assessed in the subjects enrolled in the study. They also filled Italian version of both the
National Eye Institute-Visual Function Questionnaire (NEI-VFQ) 25 and the Glaucoma
Symptom Scale (GSS) questionnaires. Of the total participating patients, 70 eyes(30%) had
puctate keratitis, 67 eyes(28.8%) showed abnormal TF-BUT, 97 patients (42.1%) had an
OSD. The abnormal values of various ocular surface parameters were gender- independent
but age(P = 0.01) and number of instillations/die (P = 0.0007)had a statistically significant
relation to Kkeratitis. Statistically significant relationship was present between the NEI ocular
pain subscale and TF-BUT (P = 0.017); GSS had a significant relationship to both theTF-
BUT and punctatae keratitis (P < 0.00001). Inference drawn from this study is that the OSD
is related to anti-glaucoma therapy and has a impact on their quality of life. One should
encouraged the use of fixed combinations to reduce surface exposition. A good correlation to
signs of OSD was shown by GSS has shown and it should be routinely used to assess the

impact of OSD on the quality of life in patients with OSD.

14. Saini M et al®® evaluated the ocular surface changes and their correlation with the central
corneal sub-basal nerve fibre layer in chronic glaucoma patients in a prospective comparative
study. Ocular surface assessment was done in 50 eyes of 25 glaucoma patients on
combination therapy with two or more topical antiglaucoma medications with preservatives
for at least a period of 6months and 50 eyes of 25 normal subjects without any ocular
problems were taken as controls. All the enrolled subjects were followed up during the
period of November 2011 to November 2013Parameters evaluated in the study were visual
acuity, 10P, ocular surface assessment via fluorescein break-up time (FTBUT), Schirmer’s
test I, ocular surface staining scores and OSDI questionnaire score (OSDI) , central corneal
sensation (by Cochet Bonnett aesthesiometer), central sub-basal nerve fiber layer density
(SBNFLD) by confocal microscopy. A statistically significant difference were seen in the
mean values of OSDI score (35.89+16.07/6.02+3.84; P=0.001), FTBUT
(9.44+2.76s/11.8+1.88s; P=0.001), Schirmer’s I test score (7.634+2.64 mm/12.86+1.93 mm,;
P=0.001), corneal (5.7£2.33/ 1.1+0.58; P=0.001) and conjunctival staining score
(5.06£1.94/0.84+0.46; P=0.001), mean subbasal nerve fiber number (3.58+0.99/5.40£1.70;
P=0.001), SBNFL length (1101.44+287.56 um/1963.70+562.56 pum; P=0.001) and density
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(6883.94+1798.03 prn/rnm2/12 273.15+£3516.04 um/mmz; P=0.001) when comparison was
made between the treated group and controls.66% of glaucoma group showed dry eye
severity of level 2 and 3.A statistically significant negative correlation with central corneal
SBNFLD was observed with corneal (R2=0.86) and conjunctival staining (R2=0.71) and
OSDI score (R2=0.67) but a positive correlation was seen between FTBUT (R2=0.84),
corneal sensitivity (R2=0.52) and central corneal SBNFLD in the long term topical
antiglaucoma medication group.Long term topical antiglaucoma medications use resulted in
reduced SBNFLD and this was also associated with ocular surface changes and antiglaucoma

therapy induced dry eye.

15. Another cross-sectional, investigator-masked , paired-eye comparison study to evaluate
tear film parameters, ocular surface characteristics, and dry eye symptomology in glaucoma
patients on topical anti-glaucoma medications was done by Wong ABC et al.®? They
enrolled 33 patients with a diagnosis of either open angle glaucoma or ocular hypertension,
on topical anti-glaucoma medication only in one eye for a period of at least 6 months. All the
participants were asked to skip the morning dose of topical anti-glaucoma medications before
the clinical evaluation . Assessment and comparison of tear film parameters, ocular surface
characteristics, and dry eye symptomology was done in both treated and fellow eyes of the
same patient. All the participants underwent evaluation of tear meniscus height, non-invasive
tear film breakup time, tear film lipid layer grade, bulbar conjunctival hyperaemia, tear
osmolarity, ocular surface staining, meibomian gland expression, infrared meibography ,
Schirmer | test. OSDI questionnaire was used to grade the Dry eye symptomology. Non-
invasive tear film break-up time (p=0.03), bulbar conjunctival hyperaemia (p=0.04), tear film
osmolarity (p=0.04), eyelid margin abnormality grade (p=0.01), tear meniscus height
(p=0.03), and Schirmer test values (p=0.04) were significantly poorer in treated eyes as
compared to fellow eye. They found no significant difference between treated and fellow
eyes (all p>0.05) in terms of dry eye symptomology, meibomian gland assessments, and
ocular surface staining. Hence this study suggested that longer duration of topical anti-
glaucoma therapy sets up an inflammatory cascade which leads to adverse changes in tear

film stability, tear osmolarity, conjunctival hyperaemia, and eyelid margin.

16. Lee SY et al®) evaluated the effects of topical anti-glaucoma medications on tear lipid
layer thickness (LLT) and the ocular surface. It was a retrospective study which enrolled 85

eyes of 85 subjects with ocular surface disease (OSD). Controls were 34 eyes who were
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OSD patients without OAG and 51 eyes were taken in the group of OSD patients with OAG
on topical anti-glaucoma medication. Lipid layer thickness by Lipi- View interferometer,
total corneal and conjunctival staining (Oxford grading scale), tear breakup time (TBUT) and
Ocular Surface Disease Index (OSDI)questionnaire were used to evaluate OSD in enrolled
participants. Information regarding total duration for which anti-glaucoma medication were
used, duration for which current anti-glaucoma medications are use, total number of drops of
anti-glaucoma medication applied daily and total number of anti-glaucoma medications
[bottles] used in a day were gathered to verify their associations with LLT. Among the
various parameters assessed ,only LLT values had significantly lower results in OAG group.
A significantly negative correlation was seen between LLT and TBUT , in both groups.
OSDI score had a significantly positive correlations with number of medications used (r =
0.389, p = 0.012) and daily number of drops (r = 0.354, p = 0.02) and similarly LLT showed
significant correlations with TBUT (r = 0.381, p = 0.026) and total medication duration (r =
j0.387, p = 0.013) in the OAG group. TBUT and total medication duration had a significant
correlations with LLT (p = 0.032 and p = 0.015, respectively) in multivariate analyses done
in the OAG group. Therefore , OAG subjects with OSD who were on topical anti-glaucoma
medications had a lower tear LLT as compared to OSD subjects without OAG. So it is
prudent to look for ocular surface disease in glaucoma patients on topical anti-glaucoma

medications.

17. Van Went C et al®® conducted an observational study with the purpose to assess the
effect of topical anti-glaucoma medications and their preservatives on corneal sensitivity.95
eyes of 48 patients were enrolled in the study. Out of which 39 patients were on anti-
glaucoma medications [30 patients had chronic open-angle glaucoma (62.5%), 5 patients had
chronic narrow-angle glaucoma (10.4%), 4 patients had ocular hypertension (8.3%)] and 9
untreated patients were taken as controls. Patients on anti-glaucoma medications were
divided into three groups depending upon the number of preserved anti-glaucoma eyedrops
used daily (0, 1 and > 2). A detailed evaluation of ocular surface including Schirmer testing,
tear film breakup time (BUT) and corneal and conjunctival fluorescein staining and
assessment of corneal sensitivity by Cochet-Bonnet esthesiometer was done in all the
patients. Ocular symptoms were evaluated via Ocular Surface Disease Index (OSDI)
questionnaire. Results showed that corneal sensitivity was 58.8 + 2.8 mm, 56.2 £ 5.2 mm,
50.3 £ 12.5 mm and 44.3 £ 13.6 mm in untreated patients, patients treated with none, one and

two or more instillations of preserved anti-glaucoma eyedrops, respectively. A significantly
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lower corneal sensitivity was noted in patients on preserved eyedrops as compared to
untreated patients (P < 0.001) and those on preservative-free eyedrops (P = 0.012).Negative
correlations were observed between number of daily instillations of eyedrops (r =-0.390 ; P
< 0.001) , duration of treatment (R = —0.357 ; P = 0.001) with corneal sensitivity . A
significant alteration in TBUT and fluorescein staining were in treated patients as compared
to untreated control group ; but , no significant difference was seen among the treated groups.
There was no significant difference for OSDI or Schirmer testing between the different
groups. Conclusion deduced from this study was that the Chronic administration of BAK-

containing anti-glaucoma eyedrops leads to alteration in corneal sensitivity.

18. Brandt JD et al®” conducted a study in 1991.In this study they used the technique of
conjunctival impression cytology to evaluate the conjunctival surface changes that results
from long-term use of topically administered anti- glaucoma medications. Glaucoma patients
who were on a stable regimen of topically administered anti-glaucoma medications for more
than three months duration were recruited as cases while glaucoma suspects who were not on
any topical anti-glaucoma medications were taken as controls. Conjunctival impression
cytology specimens were collected from the bulbar and palpebral conjunctiva. Average
scores from the four bulbar conjunctiva were compiled and graded according to by Nelson
grading with a range of 0 (normal) to 3 (diffuse, severe metaplasia).A statistically significant
degrees of conjunctival metaplasia was associated with the number of glaucoma medications
used. Therefore conjunctival surface changes were present in patients on longer duration of

topical anti-glaucoma medications use.

19. Baffa L do P et al® carried out a study to assess whether chronic use of topical anti-
glaucoma medications can induce changes in tear film and ocular surface or not. The study
included 21 glaucoma patients on topical anti- glaucoma medications for more than 8
months as cases and 20 age- and sex- matched volunteers without any eye and systemic
medications as control group. All the participants filled environmental questionnaire with 10
questions and score range from 0 to 6, from absent to severe discomfort. Tear film and
ocular surface examination was done by tear film break-up time (TFBUT), 2% fluorescein
and 1% lissamine green staining, Schirmer test and conjunctival impression cytology
[specimens were classified into four stages, stage O (normal morphology) to stage 3
(squamous metaplasia)]. The study found that significantly higher fluorescein staining

(p=0.003), lissamine green staining (p=0.02) and lower TFBUT (p=0.001)values were
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present in glaucoma patients with chronic use of topical anti-glaucoma medications when
compared to controls but no difference was seen in impression cytology results between the
cases and control group (p>0.05).The study concluded that chronic use of topical anti-

glaucoma medications leads to changes in tear film and ocular surface.

20. A prospective study was done by Jandrokovié¢ S et al®® to calculate the prevalence of
ocular surface disease symptoms and the status of the tear film in glaucoma patients on
topical intraocular pressure lowering monotherapy. The study enrolled 62 patients out of
which 32 participants had primary open-angle glaucoma in both eyes and were on one topical
antiglaucoma medication for > 6 months and 30 healthy participants were included as
controls. They performed tear film break-up time (TBUT) test , Schirmer test typel and
ocular surface disease questionnaire in both groups. Abnormal values of tear break-up time
(TBUT) were higher in treatment group in comparison to control group. Advanced disorder
in TBUT was present in seven (21.9%) glaucoma patients and none of the control group
participants. Schirmer test type 1 found that the basal tear secretion was reduced in 87% of
glaucoma patients and in 16.7% control group participants. Hence, glaucoma patients on
topical anti-glaucoma monotherapy had significantly higher prevalence of ocular surface
disease symptoms along with significant reduction in basal tear secretion and destabilisation

of tear film when compared to healthy volunteers.

21. Herreras JM et al®” conducted a study to see whether long term topically applied anti-
glaucoma medications produces any changes in ocular surface and particularly any damage is
caused to the mucus layer of tear film or not. Three groups were studied. Group 1consisted of
40 subjects taken as controls. Group 2 included 21 glaucoma patients treated with 0.5%
timolol maleate for a mean of 25.1 months and group 3 enrolled 20 untreated glaucoma
patients (evaluated before starting treatment and then monthly for 3 months). In all the
participants Schirmer's test, Tear meniscus height, Tear break-up time, fluorescein and rose
Bengal staining, conjunctival impression cytology, mucus staining, and ferning test were
performed. This study showed that as compared to subjects in group 1, the subjects in groups
2 and 3 showed a significant decrease (P < 0.001) in the values Schirmer's and break-up time
tests, positive vital stains with significant reduction (P < 0.001) in goblet-cell density, mucus
granules, and reticular sheets, and an increment (P < 0.001) in pathologic crystallization
patterns. Therefore, the chronic use of a topical timolol maleate (anti-glaucoma medication)

damages the ocular surface, especially the mucus layer of the tear film.
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22. Yalvag 1S et al®carried out a study to see the effects of topical antiglaucoma
medications on ocular surface. The effects were analyzed by performing Schirmer’s test, tear
break-up time test and conjunctival impression cytology. 20 healthy subjects as controls
(group 1), 20 POAG patients (group 2) treated with 0.50% timolol maleate (containing BAK)
and 20 POAG patients (group 3) treated with 0.50% timolol maleate +1% dipivefrin
hydrochloride (containing BAK) were enrolled in the study. Schirmer’s test and tear film
break-up time values were significantly reduced in group 2 and 3 as compared to group 1
(p<0.001).In conjunctival impression cytology also there was a significant degree of
squamous metaplasia in group 2 and 3 participants when compared to controls along with a
significantly reduced goblet cell density in group 2 and 3.Results of above study were

suggestive of damaging effects of topical anti-glaucoma medications on ocular surface.

23. Arici MK et al® assessed the effects of topical anti-glaucoma medications on ocular
surface when used for longer duration of time. The study evaluated the ocular surfaces of 30
healthy controls (group 1) and 77 POAG patients (on topical anti-glaucoma drugs for at-least
2 years ) by performing basal Schirmer’s test, tear film break-up time test and conjunctival
impression cytology. 24 patients were on 0.5% betaxolol hydrochloride (group 2) , 27
patients on 0.5% timolol maleate (group 3) and 26 patients on 0.5% betaxolol and 1%
dipivefrin hydrochloride (group 4).The study found the statistically significant reduction in
values of basal Schirmer’s tests and tear break-up time tests (P < 0.01) in groups 2, 3 and 4.
Conjunctival impression cytology scores were also significantly higher in groups 2, 3 and 4
than in group 1 (P < 0.01).Hence it is possible to have conjunctival surface and tear film

function changes after the long-term use of topical antiglaucoma medication.

24. Cvenkel B et al’ conducted a cross-sectional, case-comparison study to evaluate the
signs and symptoms of ocular surface disease (OSD) and cytomorphological changes in
ocular surface due to preserved topical anti-glaucoma medications. The study included 109
participants, out of which 79 were glaucoma patients on preserved topical anti-glaucoma
drugs for at least 6 months duration and 30 (control group) were patients with ocular
hypertension and relatives of glaucoma patients who were not on any topical antiglaucoma
drugs. Ocular Surface Diseases Index (OSDI) questionnaire was filled by all the participants.
Beside OSDI) questionnaire, Schirmer test, tear film breakup time (TBUT), fluorescein
staining and conjunctival impression cytology were done. Patients on topical antiglaucoma

medications had reduced TBUT, an increase in fluorescein staining grade along with
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increased impression cytology grade as compared to the control group. Although the OSDI
questionnaire score didn’t differ statistically between the two groups. More the number of
eye drops instilled per day in the treated group , higher the grade of fluorescein staining (P<
0.001) and a shorter TBUT. But the impression cytology grades were not statistically
significantly correlated with the number of topical anti-glaucoma medications used. So, the
study concluded that the preserved topical anti-glaucoma medications can damage the ocular

surface.
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MATERIALS AND METHODS

The study was conducted in the Department of Ophthalmology, in collaboration with the

Department of Community Medicine and Family Medicine and Department of Pathology &

Lab Medicine AIIMS, Jodhpur.

Study Design: Prospective Cohort Study

Inclusion Criteria
1. Consent to inclusion and participation in
study. Informed and written consent was
obtained from all the subjects included in the
study.
2. Newly diagnosed cases of adult primary open
angle glaucoma not on any topical Anti-glaucoma

medications

3. Adult patients of primary open angle glaucoma

on topical Anti-glaucoma medications

Exclusion criteria
1.Those subjects who have undergone
cataract surgery/glaucoma surgery/laser
procedure within last 6months (to avoid cases
of OSD due to post-surgery eyedrops)
2.Those with ocular conditions that can
contribute to the occurrence of dry eye, such
as lid disorders (blepharitis, ectropion,
entropion), contact lens wear, allergic
conjunctivitis, chronic conjunctivitis,
exposure keratitis, contact dermatitis, and
Bell’s palsy; those with systemic conditions
like, thyroid, diabetes, lupus, rheumatoid
arthritis, scleroderma, Sjogren’s syndrome,
vitamin A deficiency, and other factors like
smoking; and those with continuous long-
term use of ocular or systemic medications
(antihistaminic, antidepressants,
decongestants, beta blocker drugs, diuretics,
and aspirin),disorders decreasing corneal
sensitivity will be excluded
3. Subjects not giving written informed
consent
4. Uncooperative patients in whom the

parameters cannot be measured.
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SAMPLE SIZE: In the study by Saini et al. conducted in 2017, various parameters were
studied to evaluate the ocular surface. Among them, the mean values of Fluorescein Tear-
film Breakup Time (FTBUT) between two groups have been used to calculate the sample

size.

At 99% level of confidence and 90% power and an allocation ratio of 1, the sample size had
been calculated as 60 eyes in each group (based on the difference between the means).

Therefore, the total numbers of 120 eyes were recruited in the study.
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Methodology

The study was conducted in the Department of Ophthalmology, All India Institute of Medical
Sciences, Jodhpur in collaboration with the Department of Community Medicine and Family
Medicine and Department of Pathology and Lab Medicine, All India Institute of Medical
Sciences, Jodhpur after obtaining approval by Institutional Ethics Committee (IEC
AlIMS/I1C/2021/3351), AIIMS Jodhpur. Our study was adhered to declaration of Helsinki.
Study included all the adult primary open angle glaucoma patients who visited to the
glaucoma clinic of eye department, AIIMS Jodhpur between January 2021 to June 2022.All
the enrolled patients underwent comprehensive glaucoma evaluations along with ocular

surface examination at day 1,1 mont,3 months, 6 months and 12 months follow up.

The diagnosis of primary open angle glaucoma was made on the basis of characteristic disc
findings, gonioscopic features and visual field changes. A written informed consent was

taken and a Patient Information Sheet was provided to them.

All the patients included in the study were divided into 2 groups-

1. Newly diagnosed patients of primary open angle glaucoma not on any treatment
2. Patients of primary open angle glaucoma on topical anti-glaucoma medications.

In all the participating patients, a detailed history regarding onset of symptoms, if any,
duration, progression and any associated complaints, history of any medical illness or
addiction, family history of glaucoma, thorough treatment history was taken. After ensuring
that the patient satisfied our inclusion criteria, the patient was informed regarding the nature
of study and each patient was given a patient information sheet. Patient was enrolled in the
study after obtaining informed written consent. The demographic details of all the

participating patients were recorded.

All the participants included in the study, filled the Ocular Surface Disease Index (OSDI)
questionnaire. The baseline parameters including visual acuity (both unaided and best
corrected) using Snellen’s Charts, intraocular pressure (IOP) with Goldmann applanation
tonometer, central corneal thickness with the help of autorefractometer and detailed slit-
lamp examination, visual fields assessment, dilated fundus examination with +90D lens and

indirect ophthalmoscopy with +20 D lens were performed in each patient.
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Figure 12: Measurement of Central Corneal Thickness Using an Autorefractometer

(Source: Department of Ophthalmology, AIIMS Jodhpur)

4

Figure 13: Intraocular pressure measurement by Goldmann applanation tonometer

(Source: Department of Ophthalmology, AIIMS Jodhpur)

In addition, tear break-up time (TBUT) test, Schirmer’s test (type I), corneal sensitivity,
anterior segment-optical coherence tomography, staining of the cornea and conjunctiva and

conjunctival impression cytology was carried out in all the participants for evaluation of

ocular surface disease.
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The diagnosis of Ocular surface Disease was based on:

OSDI questionnaire, (developed by Allergan)®® is a disease-specific questionnaire used to quantify
the specific impact of dry eye on vision-related quality of life. It includes 12 questions that are
divided into three parts: questions 1-5 refer to ocular pain or visual difficulties such as blurred vision
or light sensitivity; questions 6-9 is about visual functionality and questions the ability to read or
drive at night; and questions 10-12 analyze environmental factors such as air conditioning or wind.
The responses range from 0 to 4 with 0 indicating none of the time and 4 indicating always; the OSDI
score range from 0 to 100. The criteria used for the grading was: 0-12= normal; 13-22= mild; 23-32=
moderate; and 33-100= severe.

The total OSDI score was calculated by using the formula:

OSDI= Sum of scores for all the questions asked x 25

Total number of questions answered

Schirmer’s test type 1 was done to test basal and reflex tear secretion by using a Schirmer’s
strip prepared from Whatman filter paper no. 41, measuring 40x5 mm, marked 0 to 35 mm.
5 mm at the top end of a filter paper strip was folded and the patient was asked to look up
and with an index finger, lower eyelid was gently pulled down and filter paper strip was
placed into the cul-de-sac at the junction of lateral one-third and medial two-thirds of the
lower lid. The patient was instructed to gently close the eyes and the strip was removed at 5
minutes and the extent of wetting of the strip was measured. Depending on the wetting of the
strip after Smin, the results of Schirmer’s test were graded as: >10 mm= normal (grade 0); 5-

10 mm= mild (grade 1); 3-4 mm= moderate (grade 2); 0-2 mm= severe (grade 3).
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Figure 14: Schirmer’s test type 1
(Source: Department of Ophthalmology, AIIMS Jodhpur)

Tear film break-up time (TBUT) test is a method of determining the stability of the tear film.
TBUT is the time interval between the last blink and tear film disruption. One drop of topical
anesthetic agent was instilled in the eye and this was followed by application of fluorescein
dye into the inferior palpebral conjunctiva after gentle depression of the lower eyelid and
then the patient was asked to blink several times for even spread of fluorescein dye.
Examination of the tear film was done on slit lamp with cobalt blue filter. The interval
between the last blink and the appearance of a first hypo-fluorescent spot or streak was
recorded as the TBUT. TBUT less than 10 seconds is abnormal and graded as: >10 seconds =
normal (grade 0);6.1-10 seconds = fair (grade 1); 3.1-6 seconds = moderate (grade 2); <3

seconds = poor (grade 3)
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Figure 15: Tear film break-up time test under cobalt blue filter
(Source: Department of Ophthalmology, AIIMS Jodhpur)

After explaining the procedure to the patient, the patient was asked to view at a distance
object and then the cotton wisp was brought from the side and the central cornea was touched
gently with the tip of cotton wisp. The presence of blink reflex was observed. Corneal

sensations were checked in all the quadrants in a similar manner.

Anterior segment- optical coherence tomography was done to assess lower tear meniscus
height (L-TMH), lower tear meniscus depth (L-TMD) and lower tear meniscus area (L-
TMA). Tear meniscus appears as triangular shape of wedge of tear film between the lower lid
margin and ocular surface. After obtaining the tear meniscus images, the L-TMH ,L-TMD
and TMA were calculated using the ImageJ software (Java software program developed by
the National Institutes of Health, Bethesda, MD; http://imagej.nih.gov/ij/). TMH was
measured for 3 times in each photograph, and the mean value was recorded for further
analysis. The scan was taken below the corneal vertex, centered on the inferior cornea and
lower eyelid.®¥ Corneal vertex was determined by the position of specular reflection.® The
subject was asked to blink normally during the imaging procedure while looking straight at a
fixed target within the device. Images were captured within the first second immediately after
a blink.
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Figure 16: Anterior segment- optical coherence tomography of tear meniscus
(Source: Department of Ophthalmology, AIIMS Jodhpur)

Figure 17: Lower tear meniscus on AS-OCT
(Source: Department of Ophthalmology, AIIMS Jodhpur)

Conjunctival and corneal staining was done by using sterile rose bengal paper strips and
lissamine green paper strips. The strip was applied for 2 minutes in lower outer conjunctional
cul-de-sac. Then the patient was asked to blink multiple times for uniform spread of the dye.
Examination was done on slit lamp biomicroscope under white light. Ocular surface damage
was graded by using the Oxford grading scheme. The grading chart consisted of a series of

panels, labelled A-E, in increasing order of severity, denoting the staining patterns seen in
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dry eye. These panels were used as a guide to grade the degree of staining seen in the patient.

Amount of staining was represented by punctate dots.

Panel Staining pattern Grade Crtieria

Equal to or less
than panel A

Equal to or less
than panel B,
greater than A

Equal to or less
than panel C,
greater than B

Equal to or less
than panel D,
greater than C

Equal to or less than
panel E, greater
than D

>E Vv Greater than panel E
Figure 18: Oxford grading scale
(Adapted from https://images.app.goo.gl/krNApxF8BrEYutlg6)

Figure 19: Lissamine green staining of ocular surface
(Source: Department of Ophthalmology, AIIMS Jodhpur)
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Figure 20: Rose Bengal staining of ocular surface

(Source: Department of Ophthalmology, AIIMS Jodhpur)

After using all aseptic precautions, the conjunctival impression smear was taken on 1x1 cm
strip of cellulose acetate filter (micropore size) paper after applying it to upper temporal
bulbar conjunctiva of the eye. The strip was kept firmly pressed for five seconds. Two
smears were taken from each eye. Strip was then transferred immediately on to a glass slide
and fixed immediately using 95% ethanol. Then the smears were transferred to the
department of pathology and lab medicine, AIIMS jodhpur where one of the smears were
fixed and subjected to Papanicolau stain and the other to Periodic Acid Schiff stain. The
stained smears were studied and graded by an experienced pathologist (blind observer) into
Goblet cells density of >75/HPF, 50-75/HPF, 15-50/HPF, <15/HPF; mild, moderate and

severe squamous metaplasia and presence or absence of inflammatory cells.

42 |Page



Figure 21: Impression cytology smear
(Source: Department of Pathology and Lab Medicine, AIIMS Jodhpur)
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STATISTICAL ANALYSIS

e Data was entered and analysed using the SPSS (Statistical Package for the Social
Sciences) version 25. SPSS Statistics is a statistical analysis software package that allows
you to perform interactive or batch statistical analysis. On August 8, 2017, SPSS Statistics
released version 25. It was long created by SPSS Inc. before being acquired by IBM in 20009.
IBM SPSS Statistics is the brand name for current versions (after 2015).

e The nominal, ordinal and continuous variables were identified.
e The data was cleaned and coded for analysis.

e All nominal variables were described using counts and percentages and analysed using

Chi Square test or Fischer's Exact test.

e All ordinal variables were described using median and IQR and analysed using Mann
Whitney U test.

e All continuous variables were described using mean and SD and analysed using

Independent Sample t test.
e The analysed data was organized in tables.
e Graphs were plotted wherever necessary.

e A p value of less than 0.05 was considered statistically significant.

ETHICAL CONSIDERATION

e The following study was conducted after approval from the Institutional Ethics

Committee.

e Informed consent was taken from all the patients being enrolled for the study by
providing them a proper printed consent form along with patient information sheet and after

properly explaining the purpose.
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RESULTS

Sixty eyes of 30 newly diagnosed, treatment naive POAG patients (group I) and 60 eyes of
30 POAG patients which were already on topical anti-glaucoma medications (group Il) were
enrolled. There were 18 males and 12 females in group | and 20 males and 10 female in
group Il (p=1.00). In group Il, 12 eyes were on 1 drop , 18 eyes on 2 drops and 30 eyes on >
3 drops. On further subgroup analysis in group Il, 24 eyes were on topical anti-glaucoma

medications for < 3 years and 36 eyes were on topical anti-glaucoma medications > 3 years.

Table 1: Age distribution in group | and group 11

Age (Years) Group 1 Group 2
n (%) n (%)
40-50 20 (33.33%) 8 (13.33%)
51-60 8 (13.33%) 17 (28.33%)
61-70 22 (36.67%) 25 (41.67%)
71-80 10 (16.67%) 10 (16.67%)
Mean + SD 59.00 +11.52 60.3+9.31
p value 0.327

The mean age was comparable in both the groups (Table 1).

Table 2: Baseline characteristics in group | and group Il

Group | Group Il p value

Visual acuity 0.344+0.618 0.59 +0.998 0.107

Baseline IOP 19.66 + 7.21 17.13 £ 6.209 0.0416
CDR 0.71+0.164 0.733+0.176 0.46
Mean deviation 5.899+2.69 6.64 £2.41 0.114

(10P= Intraocular pressure; CDR= Cup disc ratio)
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Mean visual acuity, cup-disc ratio and mean deviation on HVF was comparable in both the

groups. Mean I0P was significantly higher in group I (19.66 + 7.21) in comparison to group
11 (17.13 £ 6.209),(p=0.0416), (Table 2).

Table 3: Ocular surface parameters of group | and Il

Ocular surface parameters Group | (MeantSD) | Group Il (Mean+SD) | p value
Schirmer's test 20.2+3.02 13.91+3.03 <0.0001
TBUT 12.1+2.31 8.5+1.72 <0.0001
OSDI Questionnaire score 34.25+9.02 35.1745.98 0.511
40 7 34.2535:17
35 -
g 30 -
T>° 25 - 20.2
£ 20 = 12.1
s 15 - T B Group |
10 B Group ll
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0
Schirmer's test TBUT 0osDI
Questionnaire
score
Ocular surface parameters

Figure 22: Graphical representation of ocular surface parameters between

group I and Il

The mean values of Schirmer's test and TBUT at baseline was significantly more in group Il

than in group | (p <0.0001).There was no significant difference in the mean values of OSDI

score at baseline between the groups (p = 0.511), (Table 3) (Figure 22).
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Table 4: Baseline Corneal sensations in group | and 11

) Group | Group Il
Corneal sensations
n (%) n (%)
Intact 60 (100 %) 59 (98.33%)
Reduced 0 1 (1.67%)

There was no significant difference in corneal sensations between the two groups on

presentation (Table 4).

Table 5: Conjunctival and Corneal Staining at baseline in both the groups

o Group | Group Il
Staining Grade
n (%) n (%) p value
0 56 (93.33%) 22 (36.67%) <0.0001
1 4 (6.67%) 34 (56.67%)
) ) 2 0 4 (6.67%)
Lissamine green
3 0 0
4 0 0
5 0 0
0 48 (80%) 13 (21.67%) <0.0001
1 12 (20%) 37 (61.67%)
2 0 10 (16.67%)
Rose Bengal
3 0 0
4 0 0
5 0 0

47|Page




(o))
o
!

wu
o
l

No. of patients
= N w H
o o o o
| | | |

o
|

0 1

H Group |

Group I

Staining

2 3 45/01 2 3 45
Lissamine green Rose Bengal

Figure 23: Graphical representation of conjunctival and corneal staining at baseline in

both the groups

A significant difference in staining pattern was noted between the 2 groups at baseline
(p <0.0001). In group I, 56 (93.33%) eyes showed grade 0,4 (6.67%) eyes showed grade 1
with lissamine green staining and 48 (80%) eyes showed grade 0,12 (20%) eyes showed

grade 1 with rose bengal staining. In group 11, 22(36.67%) eyes showed grade 0, 34 (56.67%)

eyes showed grade 1,4 (6.67%) eyes showed grade 2 with lissamine green staining and
13(21.67%) of eyes showed grade 0, 37(61.67%) eyes showed grade 1 and 10(16.67%) eyes
showed grade 2 with rose bengal staining, (Table 5),(Figure 23).

Table 6: Baseline Tear meniscus parameters on AS-OCT in both the groups

) Group | Group Il
Tear meniscus Parameters p value
(MeanzSD) (MeanzSD)
TMH-(microns) 253.33+8.86 248.93+6.95 0.001
TMD-(microns) 154.05+5.85 149.946.30 0.0003
TMA-(mm2) 0.025+0.029 0.018+0.001 0.099

(AS-OCT- Anterior segment-Optical coherence tomography; TMH-Tear meniscus

height; TMD-Tear meniscus depth; TMA-Tear meniscus area)
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Figure 24: Graphical representation of baseline tear meniscus
parameters in both the groups

The mean values of baseline tear meniscus height (253.33+8.86u vs 248.93+6.95u ) and
depth (154.05+5.85u vs 149.9+6.30) on AS-OCT were significantly different between the
two groups (p=0.001 and p=0.0003, respectively). There was no significant difference in the
mean value of tear meniscus area on AS-OCT at baseline between the two groups (p=0.099),
(Table 6),(Figure 24).
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Table 7: Conjunctival impression cytology at baseline in both the groups

] o ] Group | Group Il P value
Conjunctival impression cytology
n (%) n (%)
>75 56 (93.33%) 3(5%)
Goblet cell density 50-75 4 (6.67%) 24(40%)
(cells/hpf) 15-50 0 14 (2333%) | 00001
<15 0 19(31.67%)
Mild 4 (6.67%) 21(35%)
) Moderate 0 23 (38.33%)
Squamous metaplasia <0.0001
Severe 0 16(26.67%)
No change 56 (93.33%) 0
Present 0 53(88.33%)
Inflammatory cells <0.0001
Absent 60 (100%) 7 (11.67%)
(hpf -high power field)
60 1
o 50 |
§ 40 -
230 1
o
G 20
= 10 + B Group|
0 = » B Group ll
S n S & <
= 2
Goblet cell density Squamous metaplasia Inflammatory
(cells/hpf) cells

Conjuctival impression cytology

Figure 25: Graphical representation of conjunctival impression cytology at

baseline in both the groups

On impression cytology, goblet cell density (cells/hpf) was significantly less in group 1 as
compared to group 2 ( p <0.0001) at baseline. In group 1, 56(93.99%) of eyes had
>75cells/hpf, 4(6.67%) of eyes had density between 50-75 cells/hpf. In group I, 3 (5%) eyes
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had >75cells/hpf, 24(40%) eyes had density between 50-75 cells/hpf,14 (23.33%) eyes had
density between 15-50 cells/hpf ,while 19(31.67%) eyes had density <15 cells/hpf.
Additionally, there was a significant amount of squamous metaplasia in group 2 as compared
to group 1 ( p <0.0001). In group I, 4(6.67%) eyes had mild squamous metaplasia while
56(93.99%) eyes showed no squamous metaplasia. In group 11,21(35%) eyes had mild

,23(38.33%) had moderate and 16(26.67%) had severe squamous metaplasia. In group I ,
none of the impression cytology specimens showed the presence of inflammatory cells while

inflammatory cells were present in 88.33% of specimens in group Il (Table 7),(Figure 25).

Table 8: Changes in Ocular surface parameters in group | on follow up

Parameters Baseline 1 month | 3months | 6 months | 12 months | p value

OSDI 34.2549.02 |35.23+8.55 [36.81+9.08 |38.60+7.98 |39.46+7.64 | 0.0009
Questionnaire

score

Schirmer's test | 20.20+3.02 |18.77+2.48 |17.23+2.37 |15.73+1.84 |14.25+1.89 (<0.0001

TBUT 12.10+2.31 |{10.92+1.90 | 9.97+2.11 | 8.55+£1.56 |7.72+1.29 |<0.0001
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Figure 26: Graphical representation of ocular surface parameters

in group I on follow up

In group I, the mean values of schirmer's test and TBUT decreased significantly (p <0.0001)

at each follow up visit from baseline. Mean OSDI score increased significantly at 6 month

(p=0.006) and 12 months (p=0.0009) follow up visit when compared to baseline mean values

(Table 8),(Figure 26).

Table 9: Changes in corneal sensitivity in group I on follow up

Follow up
Corneal sensitivity Baseline 1 month 3 months 6 months 12 months
n (%) n (%) n (%) n (%) n (%)
60 60 60 (100%) 60 60
Intact all quadrant
(100%) (100%) (100%) (100%)
Reduced 0 0 0 0 0

No change in corneal sensitivity was seen on follow up as compared to baseline,(Table 9).
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Table 10: Changes in tear meniscus parameters on AS-OCT on follow up in group |

Tear Baseline 1 month 3 months 6 months 12 months | p
meniscus | (MeanzSD) | (MeanzSD) | (MeantSD) | (Meant£SD) | (MeantSD) | value
parameters

TMH 253.22+9.12 | 250.82+9.06 | 247.03+£8.97 |243.52+8.96 |<

253.68+8.87
0.0001
TMD 153.33+5.84 | 151.13+5.99 | 148.02+6.14 | 144.53+6.33 |<
154.05£5.85
0.0001
TMA 0.025+0.029 | 0.019+0.001 | 0.018+0.001 | 0.018+0.001 | 0.017+0.001 |0.0348

(AS-OCT- Anterior segment-Optical coherence tomography; TMH-Tear meniscus height;

TMD-Tear meniscus depth; TMA-Tear meniscus area)

Mean value tear meniscus

B TMH
mTMD

300
253.68 253.22 250.82 243.52
250 -
200 -
150
100 -
50
0
Baseline I1month 3 months 6 months 12 months
Follow up

Figure 27: Graphical representation of tear meniscus parameters on AS-OCT on follow

up in group |

In group I, the mean values of tear meniscus height decreased significantly at 6 months

(p=0.0001) and at 12 months (p<0.0001) follow up visit as compared to baseline values. The

mean values of tear meniscus depth decreased significantly at 3month(p=0.0079) at 6
months(p<0.0001) and at 12 months (p<0.0001) follow up from baseline. Although, the
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mean value of tear meniscus area reduced on follow up visits but the difference was not
statistically significant (P>0.05), (Table 10),(Figure 27).

Table 11: Changes in conjunctival and corneal staining in group I on follow up

Follow up
Staining Grade Baseline 1 month 3 months 6 months | 12 months
n (%) n (%) n (%) n (%) n (%)
0 56 55 52 43 24
(93.34%) | (91.66%) | (86.666%) | (71.66%) | (40%)
| 4 5 8 17 30
Lissamine (6.66%) (8.33%) | (13.33%) | (28.33%) | (50%)
green I 0 0 0 0 6 (10%)
] 0 0 0 0 0
v 0 0 0 0 0
\% 0 0 0 0 0
48 46 41 37 14
(80%) (76.66%) | (68.88%) | (61.66%) | (23.33%)
| 12 14 19 21 35
(20%) (23.33%) | (31.66%) (35%) (58.33%)
Rose bengal 2 11
’ . 0 0 0 (3.33%) | (18.33%)
I 0 0 0 0 0
v 0 0 0 0 0
\% 0 0 0 0 0
60 1
2 50
'g 40 | LL' H Baseline
2 30
“5. 20 - 1 month
S 10 = I w I 3 months
0 6 months
o mnivvo 1 Imnivy
M 12 months
Lissamine green Rose bengal
Staining with Grade

Figure 28: Graphical representation of changes in conjunctival and corneal staining in

group | on follow up
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Number of eyes with ocular surface staining as well as grades of both lissamine green and
rose bengal staining increased on follow up visits as compared to baseline grades (Table
11),(Figure 28)

Table 12: Changes in Conjunctival impression cytology on follow up in group |

S ) Follow up
Conjunctival impression i
Baseline | 1 month | 3 months | 6 months | 12 months
cytology
n (%) n (%) n (%) n (%) n (%)
- 56 56 48 20 20
>
(93.34%) | (93.34%) (80%) (33.33%) | (33.33%)
Goblet cell £0.75 4 4 12 30 30
density (6.66%) | (6.66%) (20%) (50%) (50%)
cells/h 10 10
( P 15-50 0 0 0
(16.66%) | (16.66%)
<15 0 0 0 0 0
Mild 4 4 16 40 40
i
(6.66%) | (6.66%) | (26.66%) | (66.66%) | (66.66%)
2 15 15
Squamous Moderate 0 0
) (3.33%) (25%) (25%)
metaplasia
Severe 0 0 0 0 0
56 56 42 5 5
No change
(93.34%) | (93.34%) (70%) (8.34%) | (8.34%)
Present 0 0 0 36 (60%) | 36 (60%)
Inflammatory
60 60 60 24 24
cells Absent
(100%) (100%) (100%) (40%) (40%)

Number of eyes with goblet cell density < 75 cells/hpf reduced on subsequent follow up
visits compared to baseline cell count. At the beginning of the study 4 eyes had goblet cell
density 50-75 cells/hpf, which increased to 12 eyes at 3 month and 30 eyes at 6 months and
12 months follow up. None of the eyes had goblet cell density 15-50 cells/hpf at the
beginning of the study but at 6 months follow up 10 eyes had goblet cell density 15-50

cells/hpf. During the course of 1 year follow up none of the eyes had goblet cell density <15
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cells/hpf. Similarly at baseline, 56 eyes showed no squamous metaplasia while 4 had mild
degree of squamous metaplasia. At 6 months and 12 months follow up only 5 eyes showed
no squamous metaplasia while number of eyes in both mild and moderate degree increased
with 40 eyes showing mild and 15 eyes showing moderate degree of squamous metaplasia.
None of the eyes showed the presence of inflammatory cells till 3 months of follow up. At 6

months follow up 36 eyes showed inflammatory cells (Table 12).

Table 13: Changes in Ocular surface parameters in group Il on follow up

Parameters Baseline 1 month 3 months 6 months | 12 months | p value

0SDI 35.1745.9 | 37.79+6.1 | 40.64+5.5 | 44.37+5.3 | 48.56+5.8 | <0.000
Questionnair 8 1 3 2 1 1
e score

Schirmer's 13.91+3.0 | 12.98+2.9 | 11.68+2.4 | 10.21+2.4 | 8.81+2.15 | <0.000
test 3 0 6 9 1

8.5+1.72 | 7.31+1.65 | 6.43+1.38 | 5.5+1.11 | 4.46+1.08 | <0.000
TBUT

In group 11, mean values Schirmer's test and TBUT significantly decreased (p <0.0001) and
the mean value of OSDI score significantly increased on follow up when compared to

baseline mean values (Table 13).

Table 14: Changes in corneal sensitivity in group Il on follow up

Follow up
Corneal sensitivity Baseline 1 month 3 months 6 months 12 months
n (%) n (%) n (%) n (%) n (%)
59 59 58 58 58
Intact all quadrant
(98.33%) | (98.33%) | (96.67%) | (96.67%) (96.67%)
Reduced 1(1.67%) | 1(1.67%) | 2(3.33%) | 2(3.33%) | 2(3.33%)

No significant difference was seen in corneal sensitivity on follow as compared to baseline
(Table 14).
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Table 15: Changes in tear meniscus parameters on AS-OCT on follow up in group 11

Tear Baseline 1 month 3 months 6 months 12 months | p value
meniscus
parameters
TMH 248.9316.95 | 246.65+7.18 | 243.35+7.27 | 239.71+7.68 |236.13+7.45 [<0.0001
TMD 149.9+6.30 | 147.68+6.35 | 144.31+6.26 | 140.93+6.13 |137.46+6.55 |<0.0001
TMA 0.018+0.001 | 0.018+0.001 | 0.017+0.001 | 0.016+0.001 {0.016+0.001 |<0.0001

(AS-OCT- Anterior segment-Optical coherence tomography; TMH-Tear meniscus height;

TMD-Tear meniscus depth; TMA-Tear meniscus area)
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Figure 29: Graphical representation of changes in tear meniscus parameters on

follow up in group Il

The mean values of tear meniscus height, tear meniscus depth and tear meniscus area

significantly decreased on follow up visits as compared to baseline values (Table 15),(Figure

29). Mean value of TMH in eyes on timolol at 1 year follow up was 230.16+11.54 and for

eyes on prostaglandin analogue at 1 year follow up was 232.344+6.49,(p= 0.6947).

57|Page




Table 16: Changes in conjunctival and corneal staining in group 11 on follow up

Follow up
Staining Grade | Baseline 1 month 3 months 6 months | 12 months
n (%) n (%) n (%) n (%) n (%)
14
0 21 (35%) 5 (8.33%) 0 0
(23.33%)
41 13
I 35 (58.88%) 36 (60%) 0
Lissamine (68.33%) (21.67%)
green 1 4 (6.67%) | 5(8.33%) | 17 (28.33%) |35 (58.33%)| 30 (50%)
1 0 0 2 (3.33%) 12 (20%) | 27 (45%)
vV 0 0 0 0 7 (11.67%)
Vv 0 0 0 0 0
0 13 (21.67%) 3 (5%) 1(1.67%) | 2(3.33%) 0
| 37 41 28 35 0
(61.67%) (68.33%) (46.67%) (58.33%)
' 10 16 26 23 14
(16.67%) (26.67%) | (43.333%) | (38.33%) | (23.33%)
Rose bengal
35
I 0 0 5 0
(58.33%)
11
v 0 0 0 0
(18.33%)
Vv 0 0 0 0 0

Number of eyes with increasing grades of both lissamine green and rose bengal staining

increased on follow up visits as compared to baseline grades, (Table 16).Eyes on timolol

showed higher grade of lissamine staining at 1 year follow up as compared to prostaglandin

analogues (max grade 3).
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Table 17: Changes in Conjunctival impression cytology on follow up in group |1

S ] Follow up
Conjunctival impression i
Baseline 1 month 3 months 6 months | 12 months
cytology
n (%) n (%) n (%) n (%) n (%)
3 3 2 2 1
>75
(5 %) (5%) (3.33%) (3.33%) (1.66%)
22 23 22 20
Goblet cell 50-75 24 (40%)
) (36.66%) (38.34%) (36.67%) (33.33%)
density
14 16 15 16 17
(cells/hpf) 15-50
(23.33%) | (26.67%) (25%) (26.67%) (28.34%)
15 19 19 20 20 22
<
(31.67%) | (31.67%) (33.34%) (33.33%) (36.67%)
] 21 20 18 15 15
Mild
(35%) (33.33%) (30%) (25%) (25%)
Squamous 23 23 23 25 20
] Moderate
metaplasia (38.33%) | (38.33%) (38.33%) (41.67%) (33.33%)
16 17 19 20 25
Severe
(26.67%) | (28.34%) (31.66%) (33.34%) (41.67%)
53 53 56 57 59
Present
Inflammator (88.33%) | (88.33%) (93.33%) (95%) (98.33%)
y cells 7 7 4 3 1
Absent
(11.67%) | (11.67%) (6.67%) (5%) (1.67%)

Impression cytology specimens showed reduction in goblet cell density , increment in

severity of squamous metaplasia and appearance of inflammatory cells on follow up as

compared to baseline (Table 17).
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DISCUSSION



DISCUSSION

Dry eye is one of the major complications of anti-glaucoma medications which has a
negative impact on management of glaucoma patients. Many studies previously had
established the role of topical anti-glaucoma medication (AMG) in effective management of
primary open angle glaucoma. Anti-glaucoma medical treatment is a lifelong therapy; hence
it exposes the ocular surface to the harmful effects of topical IOP lowering medications. In
our study we enrolled 120 eyes of 60 POAG patients, out of which 60 eyes were treatment
naive while rest 60 were on topical AGM. We assessed the difference in various ocular

surface parameters between the two study groups.

In our study, the value of Schirmer test was significantly lower in group 2 as compared to
group 1 at baseline (p<0.001). Few other studies also found similar results.®6% At 1 year
follow up, the Schirmer's test values deteriorated significantly in both the groups (p<
0.0001). This was in concordance with the study done by Kamath et al.® In group II, eyes on
>3 topical AMG per day at baseline had significantly lower Schirmer's test values (p
<0.0001) as compared to eyes on < 3 AMG per day. This could be due to increased exposure
to higher concentrations of anti-glaucoma medications and their preservatives. This was in
contrast to study done by Ramli et al” in which no increased difference in Schirmer test
value was see as the number of eye drops increased. In group I, Schirmer test values did not
show any significant difference depending upon the duration of treatment. Pai et al ®®, found
similar results as our study along with lower Schirmer test values in eyes with the duration

of treatment > 5 years.

We found significantly lower TBUT values in group 11 as compared to group | at baseline (p
<0.0001). Similar to Schirmer test values, the TBUT values also reduced significantly (p
<0.0001) at follow up visits in both the groups. TBUT values at baseline were poorer in eyes
on >3 AMG per day and with duration of treatment >3 years. This was in correspondence
with the studies few studies done earlier.(® In the study done by Pérez-Bartolomé F et al ¢,
no significant difference was noted in NI-TBUT (p>0.05) between the anti-glaucoma

medication group and controls.

The difference in OSDI score was not statistically significant between the two groups in our
study. Similarly, Went et al® and Cvenkel et al® also found no significant difference in

OSDI score between treated and untreated glaucoma patients. This could be due to the fact
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that in our study region the factors like high temperature and windy climate were more
prevalent, which can lead to higher OSDI scores in both the groups. But, the OSDI score
significantly increased at 1 year follow up in both the groups. Study done by Pérez et al®¥,
found lower OSDI score with the use of preservative free eyedrops. Studies done by Ramli et
al®™ and Lajmi et al® found that BAK was the major factor associated with higher OSDI
score. Ramli et al ™ found a significantly higher OSDI score in glaucoma group (p = 0.028)
as compared to controls along with rates of abnormal OSDI nearly three times more in
subjects who were on BAK containing antiglaucoma drops but they found no correlation in
increased differences in OSDI results and the number of eye drops.

Difference in corneal sensations at baseline between the groups did not show any statistically
significant difference (p=1.00). Also, on 1 year follow up, corneal sensations showed no
significant reduction in both the groups. This was in contrast to the study done by Went et al
¢4) who found lower corneal sensitivity in patients on preserved anti-glaucoma medications
as compared to untreated patients (P < 0.001). Possible explanation for this could be the
qualitative nature of the method we used to assess the corneal sensitivity. Saini M et al®?),
assessed central corneal sensations and central subbasal nerve fiber layer density. In this
study, the central corneal sensations were decreased in eyes on antiglaucoma drops as
compared to the controls (P=0.076).Along with this, the FTBUT (R2=0.84), corneal
sensitivity (R2=0.52) showed positive correlation to central corneal SBNFLD in the long

term topical antiglaucoma medication group.

In our study we found a significantly higher (p < 0.0001) mean values of TMH and TMD in
group Il as compared to group | at baseline. At 1 year follow up , in group I, the mean values
of THM and TMD reduced significantly (p<0.05) but the decrease in mean value of TMA
was statistically insignificant (p>0.05) as compared to baseline values. In group I, at | year
follow up the mean values of TMH,TMD and TMA reduced significantly (p=0.0001) when
compared to baseline. Wong ABC et al ©®? measured tear meniscus height by taking three
measurements near the centre of the lower meniscus with pre-calibrated digital imaging and
then averaging them, and found that TMH was significantly poorer in treated eyes as
compared to fellow eye (p=0.03) but the long term effects on tear meniscus were not assessed

by them since that was a cross-sectionl study.

Study done by Agnifili et al®® compared tear meniscus parameters in medical controlled

glaucoma patients, patients with evaporative dry eye and healthy controls and found similar
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results as our study. They also assessed upper tear meniscus parameter ,which was not done
in our study.Pérez et al®¥ found no significant difference in L-TMH between the treatment
group and controls (p>0.05) but L-TMH (R -0.142; p = 0.043) was found in higher daily

preservative concentration of topical AGM.

Goblet cell density was significantly low in group Il as compared to group | at baseline
(<0.0001). None of the eyes in group | had inflammatory cells while 53 eyes (88.33%) had
inflammatory cells in group Il at baseline (<0.0001).Amount and severity of squamous
metaplasia was significantly higher (<0.0001) in group Il as compared to group | at baseline.
At 1 year follow up, as compared to baseline goblet cell density reduced, amount and
severity of squamous metaplasia increased in both the groups. As compared to baseline, the
number of eyes showing the presence of inflammatory cells increased in both the groups.
Yalvag IS et al® found a significant degree (p <0.001) of squamous metaplasia ( graded
according to Nelson grading) and a significant (p <0.001) reduction in goblet cell density in
the treatment group as compared to controls. A study done by Brandt JD et al®” was
different since they took glaucoma suspects who were not on topical anti-glaucoma
medications as controls. They found a statistically significant increase in cytologic grade in
the treatment group compared to the controls and a statistically significant degree of

conjunctival metaplasia was associated with the number of glaucoma medications used.

Hong et al, Arici et al ® and Cvenkel et al”® graded the impression cytology specimen
according to Nelson grading and found significantly higher scores in the medication group as

compared to the control group.

Grades of ocular surface staining by both lissamine green and rose bengal stains were
significantly (p<0.0001) lower in group | as compared to group Il. At 1 year follow up,
grades of both lissamine green and rose bengal ocular surface staining increased in both the
groups.Study done by Pérez et al®¥, Ramli et al”) also found similar results as our study but
they used fluorescein dye to stain the ocular surface. In our study we used lissamine green
and rose bengal stains because these dyes are poorly seen within the tear film; hence does not
obscure the staining pattern. Also, because they do not diffuse into the substantia propria of
the conjunctiva, the staining pattern is retained for longer duration at high contrast . Lajmi et
al® used Fluorescein and a lissamin green dyes found that statistically lower incidence of
superficial punctate keratitis (SPK) and corneal and conjunctival staining in the lissamine

green test (P < 0.001) was associated with fixed combination of anti-glaucoma eyedrop.
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CONCLUSION

1. Atotal of 120 eyes of 60 POAG patients were examined of which 60 eyes were treatment
naive while other 60 eyes were already on topical AGM.

2. Mean age was 59.00 £11.52 years in group | and 60.3+£9.31years in group II.

3. Mean visual acuity, baseline I0P, CDR and mean deviation on HVF were 0.344+0.618,
19.66 + 7.21mmHg, 0.71+0.164, 5.899+2.69 respectively in group I and 0.59 + 0.998, 17.13
+ 6.209mmHg, 0.733+0.176, 6.64 + 2.41 respectively in group 1.

4. Mean values of Schirmer's test, TBUT, OSDI score were 20.2+3.02mm,
12.1+2.31seconds, 34.25+9.02 respectively in group | and 13.91+3.03mm, 8.5+1.72 seconds,
35.17+5.98 respectively in group Il at baseline.

5. Only one eye in group Il had reduced corneal sensations while corneal sensations were
intact in all the eyes in group | at baseline.

6. Both lissamine green and rose Bengal staining showed higher grades in group Il
compared to group I at baseline.

7. Mean values of TMH, TMD, TMA were 253.3348.86 |, 154.05£5.85 ,
0.025+0.029mm? respectively in group | while in group Il 248.93+6.95u, 149.9+6.30 p,
0.018+0.001 mm? respectively in group 1l at baseline,

8. Goblet cells density was lower with higher grade of squamous metaplasia along with
precence of inflammatory cells in group Il as compared to group | at baseline.

9. At 1 year follow up the mean values of schirmer's test, TBUT, OSDI score decreased
significantly in both the groups.

10. At 1 year follow up, corneal sensitivity was intact in all the eyes while only 2 eyes had
reduced corneal sensations in group 1.

11. At 1 year follow up, mean values of TMH, TMD, TMA reduced significantly in both the
groups.

12. At 1 year follow up, grades of both lissamine green and rose bengal ocular staining
increased in both the groups.

13. At 1 year follow up, reduction in goblet cells density, increament in degree of squamous
metaplasia along with presence of inflammatory cells were seen in both groups.

Hence, it is very essential to diagnose dry eye at an early stage for an effective management.
The tests employed for diagnosis of dry eye should be non-invasive to minimally invasive,

needs lesser time to perform and has good reliability and reproducibility. AS-OCT in this
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aspect is a reliable and noninvasive tool to image the tear meniscus in chronically

glaucomatous patients.
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LIMITATIONS

1. Factors like high temperature and windy climate were more prevalent in our study region.

So this could be one of the confounding factors.
2. We could not assess the effect of individual drugs on ocular surface since most of the

patients in our study were on >1 topical AGM.
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ANNEXURE 11

Proforma

Group 1/Group 2 Date-
Name: Age:
Registration Number: Contact
number:
Address:

Day-1 1 month 3 months 6 months 12 months
Presenting
complaints

Past complaints

Personal history

Family history

OsDI
Questionnaire
score
(Appendix-1)

Visual aquity RE:
(Unaided)-
Distance LE:
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RE:

Visual aquity
(Unaided)-Near | LF
Visual RE:
Aquity(Best
corrected) LE:
Refraction- RE:

LE:
IOP (mm Hg) - RE:

LE:
CCT (um)- RE:

LE:
Anterior RE:
segment-

LE:
Fundus- RE:

LE:
Ocular Surface
Findings:
Schirmer’s test RE:
(Typel)-

LE:
Tear Film Break | RE:
Up Time Test-

LE:
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Corneal RE:
sensitivity-

LE:
Conjunctival RE:
hyperemia

LE:
AS-OCT
Parameters:
Tear meniscus RE:
height

LE:
Tear meniscus RE:
depth

LE:
Tear meniscus RE:
area.

LE:
Conjunctival
Impression
Cytology
Findings:
Goblet cells RE:
density

LE:
Sgquamous RE:
metaplasia

LE:
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Presence or RE:
absence of
inflammatory LE:
cells.
Conjunctival and | RE:
corneal Staining -

LE:

Panel Staining Pattern Grade |Criteria
A o \\\ 0 Equal to or less
AN i than panel A
B e ] | Equal to or less
/\\( _ />> than panel B,

greater than panel
A

Equal to or less
than panel C,

greater than panel B

Equal to or less
than panel
D,greater than

panel C

Equal to or less
than panel E,
greater than panel
D

>E

Greater than panel
E
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Ocular Surface Disease Index (OSDI)
Circle the number in the box that best represents each answer. Then fill inboxes A, B, C, D

and E according to the instructions beside each.

Have you experienced any of the following during the last week:

All of the | Most of | Half of Some of | None of
time thetime | thetime the time | the time

1. Eyes that are sensitive to 4 3 2 1 0

light?

2. Eyes that feel gritty? 4 3 2 1 0

3. Painful or sore eyes? 4 3 2 1 0

4. Blurred vision? 4 3 2 1 0

5. Poor vision? 4 3 2 1 0

Subtotal score for answers from 1-5: ()

Have problems with your eyes limited you in performing any of the following during the

last week:

All of Most of | Half of | Some None

thetime | the the of the of the

time time time time

6. Reading? 4 3 2 1 0 N/A
7. Driving at night? 4 3 2 1 0 N/A
8. Working with a computer 4 3 2 1 0 N/A
or bank machine?
9. Watching TV? 4 3 2 1 0 N/A

Subtotal score for answers from 6-9:( )
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Have your eyes felt uncomfortable in any of the following situations during the last week:

All of Most Half of | Some of | None of
thetime | ofthe | the the time | the time
time time

10. Windy 4 3 2 1 0

conditions?

11. Places or areas 4 3 2 1 0

with low humidity

(Very dry)?

12. Areas that are air | 4 3 2 1 0

conditioned?

Add subtotal A, B, C to obtain D-

Subtotal score for answers from 10-12:()

(D=Sum of scores for all questions answered)

Total number of questions answered (Do not include questions not answered)
SUM OF SCORES FOR ALL THE QUESTIONS ASKED X25

TOTAL NUMBER OF QUESTIONS ANSWERED

OSDI=
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ANNEXURE 111
All India Institute of Medical Sciences
Jodhpur, Rajasthan

Informed Consent Form

Title of Thesis/Dissertation: Effect of topical anti-glaucoma medications on ocular

surface: a prospective cohort study

Name of PG Student: Dr. Krati Srivastava Tel. N0.7597126994/

Patient/Volunteer ldentification No. I,
D/o R/o

give my full, free, voluntary consent to be a part of the study “Effect of topical anti-

glaucoma medications on ocular surface: a prospective cohort study”, the procedure and
nature of which has been explained to me in my own language to my full satisfaction. I
confirm that | have had the opportunity to ask questions. | understand that my participation is
voluntary and am aware of my right to opt out of the study at any time without giving any
reason. | understand that the information collected about me and any of my medical records
may be looked at by responsible individual from Department of Ophthalmology, ALL
INDIA INSTITUTE OF MEDICAL SCIENCES (AIIMS) or from regulatory authorities. 1

give permission for these individuals to have access to my records.

Signature/Left thumb impression
This to certify that the above consent has been obtained in my presence.
Date: Place:

Signature of PG Student

Witness 1 Witness 2
Signature Signature
Name: Name:
Address: Address:
Phone no Phone no
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ANNEXURE V
PATIENT INFORMATION SHEET

Title of Thesis/Dissertation: Effect of topical anti-glaucoma medications on ocular
surface: a prospective cohort study

You are invited to take part in this research study. Before you decide whether to take part it is
important for you to understand why the research is being done and what will it involve.
Please take your time to read the information and then decide. Queries if any will be
addressed. This study aims to compare the difference between ocular surface changes,
anterior segment optical coherence tomography (AS-OCT) and conjunctival impression
cytology and ocular staining findings in newly diagnosed cases of primary open angle
glaucoma and patients of primary open angle glaucoma on topical anti-glaucoma

medications.
1) Why have | been chosen to take part in the study?

You have been chosen to take part in the study because you are a diagnosed case of Primary
Open Angle Glaucoma not on Topical Anti-glaucoma medications or diagnosed cases of
Primary Open Angle Glaucoma on Topical Anti-glaucoma medications. You will be
evaluated for different parameters as specified in the title of the study apart from a basic

ophthalmological examination.

2) What is the purpose of the study?

The purpose of the study is to carry out ophthalmological examination in newly dignosed
cases of Primary Open Angle Glaucoma (not on any topical anti-glaucoma medications) and
patients of primary open angle glaucoma on Topical Anti-glaucoma medications. You will
have to fill OSDI questionnaire and basic ophthalmological examination including the Visual
acuity, Refraction, IOP, CCT, Anterior Segment under Slit-lamp bi-microscopy, Fundus,
Schirmer’s Test type-l, Tear film break up time test, corneal sensitivity, AS-OCT,
Conjunctival impression cytology, ocular surface staining will be done. The main aim is to
find out a significant difference, if any.

3) Do I have to take part in the study?

It is up-to you to decide whether or not to take part in the study. In case you decide to take

part, you will be given the information sheet and will be asked to sign the consent form.
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If you decide to take part, you can still withdraw your consent anytime in the study without

giving any reasons.

4) What will happen to me if | take part in the research?

This study is a prospective cohort study, which means you have to visit hospital at 1month,
3months, 6months and 12 months interval. You will be subjected to history taking and
examination. You will have to fill OSDI questionnaire and the examination will involve
measuring your Visual acuity, Refraction, IOP, CCT, Anterior Segment under Slit-lamp
bimicroscopy, Fundus, Schirmer’s Test type-l, Tear film break up time test, corneal
sensitivity, conjunctival hyperaemia .You will then be examined under OCT machine to look
for various anterior segment parameters like Tear meniscus height, Tear meniscus depth,
Tear meniscus area. In addition to this, Conjunctival impression cytology, ocular surface

staining will also be done. All these procedures are non-invasive.

5) What do | have to do?

You will have to sign an informed consent form and read the patient information sheet
provided. You will have to cooperate for Visual acuity, Refraction IOP, CCT, Schirmer’s
Test, Tear Break Up Time, OSDI questionnaire, corneal sensitivity, AS-OCT, Conjunctival
impression cytology, ocular surface staining. This is a prospective cohort study, so follow up

at 1 month,3 months, 6 months and 12 months interval will be required from your side.

6) What are the possible benefits of taking part in the study?

Topical anti-glaucoma medications can lead to various changes in ocular surface, which can
induce various discomforting symptoms, which eventually can lead to decrease compliance
to the treatment. Your various ocular surface parameters will be evaluated and you will be

screened for abnormalities in all those parameters.

7) What are the possible side effects of taking part in the study?

There are no additional side effects of taking part in the study.

8) Will my data be kept confidential?
Your medical records and demographic data will be disclosed only to the researcher, treating

physician and concerned authorities

84|Page



ANNEXURE VI
T3 ﬂ'ﬁg\_:[e:ﬂ :

?-ﬂ' IS / ™0 1'5[ : ﬂ's:ﬁijis]"l-l_dﬁ -h-IT ﬁTGm' 0

= ogoIey 3f YHAA|

> | B }WQﬁT’I AYHHT o g T e >
TATE 9T, HE aH

< =HI o Tdl '53 [T

ST W =rgz g < XY FHA

SUISCTTRI G 3 gw::i;

PURCES Eﬁ“iﬁiﬁ” ST

Y = CT AT ol fa AT

ﬁ.:;;;;.]'&m T 1Y 3 e W l

1) SIYHAT o ST o

Ff> YA W5 doTT T\T-f\
& gy A o R

85|Page



| G%TW TR

> T SeR8 Jord T3 3 o ‘m TR Y w0 TR oA T
Yo Fa e |

e YT WY e, AT, gau

-::jfi::-?-::ﬁﬁ

= =HT ST dYT st el

86|Page



Hde T YT T G[TQ’ITQ[ |
ST H G S

GITQ'J-'-[-:::;TI Heq S =TT

4) W5 o AT N TR ¥l § ol WA WY T R
He YHAT fﬁ[’ I{m\m T '1'5'.12'5[ AYHAT '53 i
Ao 1 WED, 3 HED 6 3 12 WD

Mo oTaEY g T T @11-::::1,

et g e - M 3 \_rl'v::;;;::-TQ'lTe:;?fl

3‘|1€3ﬁ7'ﬁ TN T ey Fo

87|Page



5) 'Hogl:\ SHT T =TT 33[1'[;;;;;]'?
a‘nﬁﬁ 3‘|T§F3‘h7‘ﬁ , m Gﬁ'q YUY \ éR’ Gﬁ'{[ Gl'n'& JdYy f;[ ] Y, T-ﬁﬁ?q'qq @T[fﬂz'
ST gRIOT af> @ q;

=d qgHad oy

gu\ﬁh e

99 aﬂmﬁ;a o

s I T -1' q’a’.‘ﬂ' Eﬁ'r[{:}”

88|Page



6) 3HHA W ST YA oo Wt Da e Fnr @

umf'hahq-—r@w ‘mraznandﬁr

Y WRAT §,
==Y Ol TEIT aﬁ”q 'lﬂ'ﬁl‘ﬁ[&l’ '5'.1 , ?ﬁ ST ua::;:.m::?r % GﬁITlT

ol E.'-:::;:?r-::':JT?::s |

8) FT W4T ST Ma-14 R srem?
=3 IW-Tew o Wﬂﬁ@'&l’% el |
»:::::::-Hi:ﬁ 1 5 LB

<= S TETTI

RTIT[.}[

89|Page



	Thesis Submitted to
	In partial fulfilment of the requirement for the degree of Doctor of Medicine (MD)
	JULY, 2020
	ACKNOWLEDGEMENT
	LIST OF ABBREVIATIONS
	INDEX
	LIST OF FIGURES
	INTRODUCTION
	INTRODUCTION

	AIMS AND OBJECTIVES
	AIMS AND OBJECTIVES

	REVIEW OF LITERATURE
	REVIEW OF LITERATURE

	MATERIALS & METHODS
	MATERIALS AND METHODS
	Methodology
	STATISTICAL ANALYSIS
	ETHICAL CONSIDERATION


	RESULTS
	RESULTS

	DISCUSSION
	DISCUSSION

	CONCLUSION & LIMITATIONS
	CONCLUSION
	LIMITATIONS

	BIBLIOGRAPHY
	BIBLIOGRAPHY
	ANNEXURE I
	Proforma
	Ocular Surface Disease Index (OSDI)
	ANNEXURE III
	Informed Consent Form
	ANNEXURE IV
	ANNEXURE V PATIENT INFORMATION SHEET
	ANNEXURE VI



