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Purpose: Chronic topical treatment for glaucoma may lead to Ocular Surface Disease
(OSD). This study aimed to evaluate: (1) the prevalence of OSD in glaucoma patients
under topical treatment, quantifying symptoms and objective ocular surface parameters and
(2) the impact of ocular surface treatment on OSD and IOP control.

Methods: Patients with primary open angle or primary angle closure glaucoma under topical
treatment for at least 6 months were enrolled in the study. Patients underwent symptom
screening with the ocular surface disease index (OSDI) questionnaire, assessment of objective
ocular surface parameters, ocular surface staining and Schirmer test. A treatment for OSD with
eyelid hygiene, fluorometholone acetate 0.1%, preservative-free lubricants, free-acid supple-
mentation and oral tetracyclin derivate was started, and the same evaluation was performed.
Results: In our sample (n=19), 73.68% of the patients reported severe symptoms of dry eye
disease, with OSDI scores higher than 33 at baseline. Tear film instability was found in 50%
of patients, while 23.53% had severe meibomian gland abnormalities. Fluorescein and
lissamine green stainings were abnormal in 88.24% and 82.35% of patients, respectively.
After ocular surface treatment, statistically significant improvement was found in best-
corrected visual acuity (p=0.0003), OSDI score (p<0.0001), bulbar redness (p=0.0196) and
fluorescein staining (p<0.0001.) Mean IOP following OSD treatment reduced —1.59 mmHg
from baseline in the left eye (p=0.0510).

Conclusion: The prevalence of OSD signs and symptoms was high in glaucoma patients
under medical treatment. Short-term OSD treatment may improve ocular surface disease and
IOP control, with no need to discontinue glaucoma medications.
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Introduction

Glaucoma is the leading cause of irreversible blindness globally (World Health
Organization, 2018). While lowering the intraocular pressure (IOP) is the most
important measure to prevent further damage to the optic disc, long-term topical
treatment represents a continuous hazard to the ocular surface homeostasis. Long-
term topical glaucoma therapy has been associated with reduced density of goblet
cells and squamous metaplasia of the conjunctival epithelium,' dysfunction of
meibomian glands, conjunctival and corneal desquamation,” and overexpression
of proinflammatory cytokines.’ Significative loss of goblet cells, which can cause
dry eye, inflammation, and fibrosis, was observed in animal and human models.' As
a consequence of the inflammatory changes, chronic use of IOP-lowering medica-
tions can also affect bleb scarring in filtration surgery, since it is a risk factor for
conjunctival fibrosis which can ultimately result in failure of trabeculectomy.”
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Some studies have investigated the coexistence of glau-
coma and ocular surface disease (OSD).”’ The prevalence of
OSD is estimated to vary between 5% and 30% in the general
population,™ but may increase up to 50% in glaucoma
patients under medical treatment.'®'" Several risk factors
such as aging, hormone imbalance, systemic comorbidities,
systemic medications and environmental exposure are fre-
quently associated with the chronic use of IOP-lowering eye-
drops, triggering proinflammatory responses and ocular
1213 In this

context, OSD symptoms may affect compliance among these

surface dysfunction in patients with glaucoma.

patients. In fact, compliance has been reported to be less than

14,15

50% in glaucoma patients and local side effects are

reported to be one of the reasons.'®'® OSD signs and symp-

19,2
%20 and

toms may vary enormously among glaucoma patients,
available tests are not well standardized and can be biased by
subjective interpretations. Recent equipments such as the
Keratograph 5SM (Oculus, Wetzlar, Germany) corneal topogra-
pher are now available to assess signs of OSD with proper
documentation and objective classification, but studies are still
scarce.”!

OSD management in glaucoma patients has been pre-
viously investigated, demonstrating clinical and symptomatic
improvement along with better [OP control in a sample of four
patients evaluated by subjective parameters.*

This study aims to evaluate the prevalence of OSD in
glaucoma patients under topical treatment, quantifying
symptoms and measuring objective ocular surface para-
meters. Furthermore, this study evaluates the impact of
OSD treatment on IOP control, improvement of ocular

surface parameters and symptoms.

Materials and Methods

This prospective interventional study was carried out with the
approval of the Institutional Research Board of University of
Campinas (approval number 53127515.7.0000.5404) and was
conducted in accordance with the tenets of the Declaration of
Helsinki and current legislation on clinical research. Written
informed consent was obtained from all subjects after expla-
nation of the procedures and study requirements. Participants
were diagnosed with either primary open-angle or primary
angle-closure glaucoma and had been using at least one topical
hypotensive drug for at least 6 months, with no previous
diagnosis of ocular surface disease.

First, a comprehensive anamnesis was obtained to access
general data such as age, gender, time since glaucoma diag-
nosis, number and types of drops used, previous ocular
surgeries and ocular and systemic comorbidities followed

by a detailed ocular examination. The patients were asked
to answer a quick compliance questionnaire with 3 questions:
(1) “In the past week, did you miss any of the antiglaucoma
drops?” (2) “If yes, how many doses have you missed?”, and
(3) “What was the reason?”. The best corrected visual acuity
was registered in logMAR scale.

OSD symptoms were evaluated using the ocular sur-
face disease index (OSDI) questionnaire, which is the
most frequently used survey instrument for assessment of
ocular surface disease severity.>® It consists of 12 items
that evaluate symptoms, functional limitations and envir-
onmental factors, scored from 0 (symptoms none of the
time) to 4 (symptoms all the time). The total score, which
ranges from 0 to 100, is calculated through the formula:
(sum of the score for all the questions answered) x 100/
number of questions answered x 4. A score between 0 and
12 was considered normal, 13 to 22 indicated mild dry eye
disease, 23 to 32 moderate dry eye disease, and 33 or
above severe dry eye disease.”*

Ocular surface parameters were evaluated using
Keratograph 5M, a non-invasive equipment developed
to assess the tear film and the ocular surface. Tear
meniscus height (TMH), bulbar redness, non-invasive
tear break-up time (NITBUT) and meibography were
photo-documented and analyzed objectively. All proce-
dures were sequentially performed by the same exam-
iner, in accordance with specific guidelines and
regulations, as described below.**

Tear film volume was assessed through the TMH,
measured perpendicularly to the inferior eyelid margin,
centered on the pupil, in millimeters (mm). The TMH
was also classified as normal (if greater than 0.3 mm) or
reduced (mild reduction from 0.19 mm to 0.3 mm, mod-
erate from 0.1 mm to 0.2 mm and severe if under 0.1 mm).

Bulbar redness, a suggestive sign of ocular surface
inflammation, was evaluated using digital imaging and
automatically scored by the equipment software.

NITBUT assesses the tear film stability without the influ-
ence of fluorescein, and the Keratograph software provides
measurements of the first breakup spot of the tear film in
seconds (NIKBUT first), its average time (NIKBUT avg),
and a classification in different levels of severity.

Meibography allows observation of the morphology of
the meibomian glands through infrared images. Photographic
documentation of everted upper and lower eyelids was
obtained. All images were then analyzed and graded accord-
ing to the meiboscore scale as: (0) if the lid had no missing
glands, (1) if partial or absent glands were found in <33% of
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the lid area, (2) if partial or missing glands were found in
33-66% of the lid area or (3) if absent or missing glands were
found in >66% of the lid area.”

Fluorescein staining of the ocular surface using an
image registration was graded according to the National
Eye Institute/Industry Workshop guidelines (NEI).?® This
scale divides the cornea into five areas and grades the
staining from O (absent) to 3 (severe) in each of them,
with a total score varying from 0 to 15. The sum was then
ranked in different levels of severity: O if the total score
was between 0 and 1; 1 if the total score was between 2
and 4; 2 if the total score was between 5 and 9; and 3 if the
total score was between 10 and 15.

Fluorescein tear breakup time (FBUT), a subjective
assessment of tear film stability, was also measured in
seconds (s) after asking the patients to blink naturally 3
times. Values of 8—15 s were categorized as being normal;
7-5 s indicated mild instability; 4—1 s moderate instability;
immediate breakup as severe instability.

Lissamine green stains ocular surface epithelial cells that
are unprotected by mucin or glycocalyx, as well as damaged
cells. Dye was instilled and the image was evaluated accord-
ing to the Oxford grading scale.”® It was also categorized into
four different grades of severity from 0 to 3.

The Schirmer test, without instillation of anesthetic
drops, was done by folding a Schirmer paper strip, placed
between the tarsal and bulbar conjunctiva of the lower lid
margin, in its temporal one-third. After 5 minutes, the
strips were examined and the length of wetting in milli-
meters was documented. The results were then ranked as
(0) if the length was >10 mm; (1) if the length was
5-10 mm; (2) if the length was 1-5 mm; (3) if the length
was <lmm.

Both eyes were assessed in all patients, unless one of
the eyes was not on any antiglaucoma drop.

Finally, an anesthetic drop was instilled and IOP was
measured with a Goldmann applanation tonometer.

The same operator performed all the examinations
before and after treatment. The pictures taken with kerato-
graph which required subjective evaluation were analyzed
and classified by a second investigator who was blind for
the patient’s status.

Table 1 summarizes the OSD classification according
to each parameter evaluated in this study.

All patients underwent a complete OSD treatment, con-
sisting of eyelid hygiene using a gel twice a day, fluorometho-
lone acetate 0.1% one drop at night, preservative-free lubricant
every 2 hrs, oral free-acid supplementation (omega 3 and

Table | OSD Classification According to Each Parameter Studied

0. I. 2. 3.

None | Mild Moderate | Severe
OSDI Score <13 13-22 | 23-32 >33
FBUT (seconds) 8-15 7-5 4-1 Immediate
Fluorescein staining | 0-I 24 5-9 10-15
Lissamine green 0-1 2-3 4-5 6-9
staining
Schirmer test (mm) | >10 10-5 5-1 0
Meiboscore 0 | 2 3
Tear meniscus >0.3 0.3-0.2 | 0.2-0.1 0.1-0

height (mm)

Note: Criteria used for dry eye disease severity classification.
Abbreviations: OSDI, Ocular Surface Disease Index; FBUT, Fluorescein Breakup
Time; mm, millimeters.

flaxseed oil capsule 2g a day) and oral tetracyclin derivate
(doxycycline hydrochloride 100 milligram per day, during 30
days). Anti-glaucoma treatment was not modified, and
a second appointment was scheduled for the same evaluation
1 to 3 months after treatment.

Exploratory data analysis was performed through sum-
mary measures (mean, standard deviation, minimum, med-
ian, maximum, frequency and percentage). Comparison of
pre- and post-treatment parameters was performed using
the Wilcoxon test. The level of significance was 5%. The
analyses were performed using the computer program The
SAS System for Windows (Statistical Analysis System),
version 9.4. (SAS Institute Inc, Cary, NC, USA).

Results
Thirty-two glaucoma patients under topical treatment were
enrolled in this study. Of these, nineteen returned after treat-
ment. Eyes not on topical glaucoma treatment during the
study enrollment were not included, resulting in thirty-six
eyes with pre- and post-treatment data. Eleven patients
(57.89%) were female and 8 (42.10%) were male, with
a mean age of 66.74 = 9.79 years (range from 48-82 years).
Patients had a diagnosis of glaucoma for 9.82 + 7.92
years and had been on antiglaucoma topical medication
since then. The mean number of IOP-lowering drugs used
by the patients was 3.05 = 0.91, among which 2.58 +. 1.17
were BAK-preserved drops. The mean number of instilled
drops was 5.21 £1.90 per day. Most patients (82.35%) said
they have not missed any doses of the prescribed antiglau-
coma drops in the previous week. Of the remaining
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17.64%, 11.77% recalled missing only one dose in the past
7 days due to forgetfulness. Only one patient (5.88%)
reported missing 3 or more doses in the previous week,
due to ocular discomfort symptoms.

In our sample, OSD varied according to each para-
meter. At the initial evaluation, all patients met one or
more criteria to the diagnosis of OSD, considering the
parameters previously summarized in Table 1. Only one
patient scored less than 13 points in the OSDI question-
naire. Four out of 19 (21.05%) patients had an OSDI score
between 23-31 (moderate symptoms), and 14 (73.68%)
scored higher than 33, corresponding to severe symptoms.

The FBUT was graded as level 0 (normal), in 12.50% of
the eyes. Abnormal tear quality was found in 87.50% of the
eyes, graded as level 1 in 37.50%, and as level 2 in 50% of
the examined eyes. The NITBUT was classified as grade 0 in
29.41% of the eyes, grade 1 in 41.18%, grade 2 in 5.88%, and
grade 3 (with immediate tear film breakup) in 23.53%.

Tear production was evaluated through Schirmer test
and considered normal (with readings >10 mm) in 64.71%
of the eyes. Mild and moderate tear deficiency were both
found in 17.65% of the eyes, while none had severe
deficiency. TMH was considered normal in 41.18% of
the eyes, whereas readings consistent with mild and mod-
erate tear deficiency were found in 17.65% and 35.29% of
the eyes, respectively. Readings of less than 0.lmm were
seen in 5.88% of the eyes.

Regarding the meiboscore, 88.24% of the patients exhib-
ited dysfunctions in meibomian gland morphology. Among the
32 eyes, 47.06% had mild abnormalities, 17.65% moderate,
and 23.53% were graded as level 3, with severe abnormalities.

Staining of the ocular surface both with fluorescein and
lissamine green were abnormal in the majority of the eyes,
of 88.24% and 82.35%,
Fluorescein staining was mild in 23.53% of the eyes,
moderate in 47.06%, and severe in 17.65%. With lissa-
mine green, mild staining was found in 35.29% of the

with figures respectively.

eyes, while moderate and severe staining were observed
in 41.18% and 5.88%, respectively.

In summary, OSDI score, meibography, FBUT and ocular
surface staining were found to be the most altered para-
meters, with 80% or more of the examined eyes graded as
a level > zero. On the other hand, the tear production,
evaluated by the Schirmer test and the tear meniscus height,
was abnormal in less than 60% of the patients.

All parameters were evaluated and compared to a sex-
and age-matched control group. Comparisons were made to
better understand OSD in glaucoma patients compared to

healthy individuals, as demonstrated in Table 2. Results
demonstrated profound changes in most parameters related
to the ocular surface and in symptoms. Only Schirmer test
and TMH did not differ statistically between the groups,
possibly pointing a compensatory moment of reflex tearing.

Figure 1 displays the distribution of the severity of
each parameter.

Mean duration of ocular surface treatment was 60.84 +
26.27 days. After treatment, an improvement of symptoms
and ocular surface parameters was observed, as illustrated
in Figure 2 and Table 3. Figure 3 demonstrates the
improvement observed in bulbar redness through photo
documentation. Statistically significant improvements
were found in best-corrected visual acuity in both eyes
(p=0.0031 and p=0.0003), OSDI score (p<0.0001), bulbar
redness (p=0.0414 and p=0.0196) and fluorescein staining
of the ocular surface (p<0.0001 for both eyes). After
treatment, mean IOP reduced 1.4 mmHg and 1.6 mmHg
from baseline in OD and OS, respectively (p= 0.9471 and
p=0.0510, respectively). Of note, an IOP reduction >2

mmHg was observed in 58% of the eyes after treatment.

Discussion

Ocular surface disease signs and symptoms were prevalent
among glaucoma patients under topical treatment in our
sample, with all patients presenting at least one abnormal
test. OSDI questionnaire scores showed that more than
70% of the patients had severe symptoms, which is
a high prevalence rate compared to other studies.'*?7
This may be explained by the fact that our series included
patients followed at a public tertiary hospital for over 10
years. OSD treatment reduced 43.26 points on OSDI score
and 84% experienced at least a one-level reduction in the
severity of OSDI (from severe to moderate, moderate to
mild, or mild to none). Only 10% presented severe OSD
after treatment, compared to 70% pre-treatment.

Ocular surface damage evaluated through staining was
positive in 88% of our sample. Other authors previously
found higher prevalence of corneal staining in patients under
IOP-lowering medications compared to healthy subjects.?*?'
Corneal epithelial barrier disruption caused by preservatives
(specially BAK) in eyedrops has been demonstrated both in -

829 and in vivo.*® Histopathology has demonstrated cell

Vitro
injury, apoptosis and desquamation. The improvement of the
corneal epithelium integrity after treatment, confirmed in our
study by the reduction of fluorescein corneal staining, prob-
ably explains the significant improvement in visual acuity.

OSD may cause visual disturbance reported as glare or blurred
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Table 2 Comparison Between the Evaluated Parameters in the Study Group Before Ocular Surface Treatment and Healthy Subjects

(Control Group)

Parameter Pretreatment Control

MeanzSD 95% CI Median MeanzSD 95% ClI Median P value
BCVA OD (LogMAR) | 0.52+0.35 0.34-0.69 0.40 0.83+0.24 0.71-0.95 | 0.02
BCVA OS (LogMAR) | 0.44+0.35 0.26-0.62 0.30 0.85+0.13 0.79-0.92 0.9 0.0018
OsDI 57.86+25.63 45.51-70.21 68.18 11.64£12.69 5.11-18.16 10.41 <0.0001
TMH OD 0.46+0.65 0.12-0.79 0.25 0.24+0.03 0.22-0.26 0.24 0.82
TMH OS 0.48+0.65 0.15-0.82 0.30 0.26+0.08 0.22-0.30 0.28 0.49
Schirmer OD 16.76+11.33 10.94-22.59 14.00 14.72+9.57 9.96—-19.48 11.00 0.65
Schirmer OS 17.82+10.11 12.62-23.02 20.00 16.28+8.89 11.85-20.70 14.50 0.58
NITBUT OD 5.74+6.20 2.54-8.92 3.44 14.42+5.05 11.98-16.85 12.48 0.0002
NITBUT OS 7.75+5.90 4.60-10.90 6.98 12.78+5.272 10.24-15.32 13.02 0.0063
FBUT OD 4.00+3.57 1.25-6.74 4.00 9.18+4.37 6.85—11.52 7.50 0.008
FBUT OS 1.77£1.20 0.85-2.70 4.00 9.87+4.91 7.25-12.49 9.50 0.0001
Bulbar Redness OD 2.70+0.72 2.31-3.08 2.60 1.55+0.35 1.38-1.72 1.50 <0.0001
Bulbar Redness OS 2.84+0.69 2.47-3.21 2.90 1.57+0.40 1.378-1.769 1.50 <0.0001
Fluorescein OD 6.29+4.4| 4.02-8.56 6.00 0.31+0.74 (—0.04)-0.67 0.0 <0.0001
Fluorescein OS 5.64+4.09 3.54-7.75 5.00 0.52+0.77 0.15-0.89 0.0 <0.0001
Lissamine OD 1.35+0.86 0.9099-1.796 1.00 0.78+1.31 0.15-1.42 0.0 0.03
Lissamine OS 1.37£0.95 0.86—1.88 1.00 0.63+1.01 0.14-1.11 0.0 0.009
Meiboscore 1.76£0.9 1.3-3.22 2.00 1+0.6 0.67-1.32 1.00 0.01
Age 66.74£9.79 62.02-71.46 70.00 62.3+4.97 59.92-64.72 62.00 0.05

Abbreviations: SD, standard deviation; Cl, confidence interval.

vision®' that can impact on daily activities and overall quality
of life,3 2 but can often be overlooked.

Surface inflammation is a hallmark of OSD and topical
treatment toxicity.>*** Bulbar redness had a significant

Ocular Surface Disease
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Figure | Dispersion diagram displaying data distribution of OSD severity at base-
line according to different parameters.

improvement after OSD treatment in both eyes. Although
several antiglaucoma medications lead to conjunctival

2 .. . .
93336 the significant reduction in bulbar redness

hyperemia,
occurred despite the maintenance of all glaucoma eyedrops
previously in use.

Interestingly, Schirmer test results were normal in most
of the patients and tear meniscus height leaned towards
reduction after treatment. This finding may be explained
by the fact that there is a reflex stimulus to tear production
as a compensatory mechanism in OSD process. When the
ocular surface homeostasis is recovered, there may be less
reflective lacrimation and an increase in lipid layer,’’
reducing TMH and Schirmer test measurements.

There was a trend towards lowering IOP following OSD
treatment; furthermore, 58% of the eyes had an IOP reduction
of at least 2 mmHg after OSD treatment. These findings can be
explained either by the minimization of inflammatory stimuli

that could affect the trabecular meshwork,?>%

or by
a significant increase in compliance due to the reduced dis-

comfort. Although only one patient reported having missed
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Figure 2 Dispersion diagrams displaying mean and maximum best-corrected visual acuity (A), OSDI score (B), IOP (C), Bulbar redness (D), TMH (E), NITBUT (F),
fluorescein staining (G), Schirmer test (H) and lissamine green staining (I) before and after ocular surface treatment.

more than one antiglaucoma drop in a week through our
questionnaire, self-reported compliance is questionable and
often overestimated.”®*° Henry et al have observed statisti-
cally significant IOP reduction in glaucoma patients who
switched from BAK-preserved prostaglandin to preservative-
free travoprost.>® In a similar study, but with a very small
sample (n=4), Batra et al suggested that severe OSD could
exacerbate glaucoma due to inflammation and scarring of the
trabecular meshwork and demonstrated that an intensive OSD
treatment including preservative-free lubricants, preservative-
free antiglaucoma medication and oral doxycycline improved

IOP control.?? Their study was a retrospective review of the
files of four patients with uncontrolled primary open angle
glaucoma. However, this study lacks on describing ocular
surface findings and OSD characterization in glaucoma
patients. It also lacks statistical analysis and the small sample
included only patients with uncontrolled IOP, not emphasizing
that even when there is adequate IOP control, patients may
experience OSD symptoms and ocular surface inflammation.

Previous studies that evaluated the impact of switching
from BAK-preserved drops to preservative-free IOP-
demonstrated a

lowering  medications significant
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Table 3 Descriptive Variables Pre and Post Treatment

BCVA OD (LogMAR) | 0.52 0.40 0.35 1.08 0.10
BCVA OS (LogMAR) | 0.44 0.30 0.35 1.08 0.10
OsDI 57.86 | 68.18 25.63 | 12.50 | 88.88
TMH OD 0.46 0.25 0.65 0.15 2.90
TMH OS 0.49 0.30 0.65 0.14 2.90
Schirmer OD 16.76 14.00 11.33 | 3.00 35.00
Schirmer OS 17.82 | 20.00 10.11 | 2.00 35.00
NITBUT OD 5.74 3.44 6.20 0.00 20.84
NITBUT OS 7.76 6.98 591 1.72 23.52
FBUT OD 4.00 4.00 3.57 0.00 9.00
FBUT OS 4.75 4.00 3.28 1.00 10.00
Bulbar Redness OD 2.70 2.60 0.73 1.70 4.00
Bulbar Redness OS 2.84 2.90 0.70 1.90 4.00
Fluorescein OD 6.29 6.00 44| 1.00 15.00
Fluorescein OS 5.65 5.00 4.09 0.00 14.00
Lissamine OD 1.35 1.00 0.86 0.00 3.00
Lissamine OS 1.37 1.00 0.95 1.00 3.00
IOP OD 14.65 12.00 6.23 8.00 29.00
IOP OS 14.65 16.00 3.60 10.00 | 24.00

0.41 0.30 0.37 1.08 | 0.00 (-0.13) 0.0031
0.32 0.15 0.38 1.08 | 0.00 (-0.12) 0.0003
14.60 11.36 12.13 ] 0.00 | 3890 | (—43.3) <0.0001
0.35 0.32 0.20 0.17 ] 0.83 (=0.11) 0.2834
0.37 0.30 0.19 0.5 | 0.75 (-0.12) 0.7851
19.12 17.00 9.33 6.00 | 35.00 | 2.35 0.1228
17.53 14.00 10.63 | 400 | 35.00 | (-0.29) 0.7505
7.69 7.75 4.84 0.00 | 19.12 | 1.87 0.2117
9.92 6.31 7.12 3.25 | 24.00 | 3.22 0.1742
5.1 5.00 237 2.00 | 9.00 1.29 0.2894
6.75 6.00 3.88 2.00 [ 12.00 [ 2.00 0.0797
2.26 2.40 0.95 0.24 | 4.00 (—0.45) 0.0414
2.18 2.25 0.76 0.15 | 3.40 (-0.64) 0.0196
2.59 1.00 3.57 0.00 | 15.00 | (=3.71) <0.0001
1.88 1.00 226 0.00 | 7.00 (=3.76) <0.0001
0.94 1.00 0.65 0.00 | 2.00 0.13 0.131
0.88 1.00 0.99 0.00 | 3.00 0.10 0.101
13.44 13.00 3.16 9.00 | 20.00 | (—1.38) 0.9471
13.06 13.00 3.07 8.00 | 18.00 | (—1.59) 0.0510

Note: Bold values indicate statistical significance. Filled Boxes with Bold Text Signalize Statistically Significant Improvement.

Abbreviations: PD, Pattern Deviation. OD, Right Eye. OS, Left Eye.

improvement of OSD symptoms and bulbar redness.
However, in some countries there are limited preservative-
free options for treating glaucoma and/or their cost can be
prohibitive for some patients. To our knowledge, this is the
first study to investigate the impact of an intensive OSD
treatment in a larger sample of glaucoma patients under
long-term topical treatment using subjective and objective
measurements of ocular surface parameters.

Nevertheless, our study has some limitations. Our follow-
up time is short, and the period of treatment was not the same

Figure 3 Pre-treatment (upper) and post-treatment (lower) images of both eyes of
one of the patients enrolled in the study, showing significative improvement in
bulbar redness.

for all patients, so factors that can affect ocular surface para-
meters such as humidity and season were not controlled.
However, the study design proposed complex changes in the
patient routine, including lid hygiene, addition of another eye-
drop and 2 oral medications. Long-term OSD treatment may
be complicated to patients, resulting in lower compliance. Yet,
our results demonstrated that even a short-term OSD treatment
is able to positively impact the ocular surface of glaucoma
patients. The mean IOP reduction observed in our patients was
not statistically significant, probably because the sample size is
small. Also, the effect of IOP diurnal variation was not con-
sidered. We cannot rule out the possibility that the observed
IOP reduction in our patients was the result of increased
compliance, not because the discomfort was reduced, but
simply because they were participating in a study. In a future
study, a group of glaucoma patients followed without OSD
treatment could serve as control. Regarding sample size, since
no previous study has been conducted using ocular surface
parameters and OSD treatment, we performed a post hoc
calculation of the power of our sample for some of the para-
meters. Thus, the sample of 19 patients can substantially
support our conclusions once it reached the power of 87%,
94% and 100% for conjunctival hyperemia, fluorescein stain-
ing and OSDI scores, respectively, with a P value of 0.05.
Finally, as this was a prospective, longitudinal study, patients
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who had more symptoms were possibly more prone to parti-
cipate in the study and return for follow-up after treatment.

We had a rate 40% loss at follow-up, which can be
explained by multiple factors. Many of the patients seen in
our hospital live in distant towns and have a poor financial
situation. Also, most of the patients enrolled were elderly
and needed an escort. Having to travel to the hospital for
a second visit could be a burden for the families since no
financial compensation was offered to the participants.

Glaucoma affects millions around the world and topical
glaucoma drugs may impact negatively on patients’ ocular
surface, symptoms and ultimately the quality of life and
vision. Glaucoma experts may not be entirely familiar neither
with potential damage signs on tear film and ocular surface
nor with all therapeutic strategies to restore ocular surface
homeostasis, increase tear film protective function and over-
all reduce important irritative symptoms frequently reported
by patients. Indeed, unfortunately, preservative-free medica-
tions are not available in many countries, placing patients
into a long-term hazardous situation. As a chronic and sight-
threatening disease, glaucoma treatment demands lifetime
management and strict compliance. We have demonstrated
that intensive ocular surface treatment of glaucoma patients
under topical treatment may improve clinical parameters and
symptoms, including IOP. In addition to the strategies we
employed, and since preservatives have been shown to harm
the ocular surface, avoiding or minimizing preservative
exposure may result in further improvement of the ocular
surface. This study showed a detailed characterization of
OSD related to glaucoma eyedrops and the positive impact
of a comprehensive ocular surface treatment, raising con-
cerns and important awareness for both glaucoma and ocular
surface practices.
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