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Effect of chronic
anti-glaucoma
medications and
trabeculectomy on
tear osmolarity

Abstract

Purpose To evaluate the tear film osmolarity
(TFO) and ocular surface clinical signs and
symptoms in chronically medicated glaucoma
patients and post-trabeculectomy patients.
Methods This is a single-center, prospective
case-controlled study. One-hundred and
thirty eyes of 130 participants aged >45 years
were included (49 normal controls, 50
glaucoma patients on chronic preserved anti-
glaucoma medication >6 months, and 31
post-trabeculectomy patients not on
medication >6 months). TFO, tear break-up
time (TBUT), Schirmer’s test I and dry eye
symptoms were evaluated. Data from both
groups of glaucoma patients were compared
with age and sex-matched controls. Logistic
regression was performed to calculate the
odds ratios.

Results Mean TFO in the three groups were
301.4+7.7, 307.0 £ 9.3, and 307.4 + 11.6 mOsm/],
respectively. Compared with normal controls,
chronically medicated glaucoma patients and
post-trabeculectomy patients were more
likely to have a raised TFO, with odds ratios
(95% CI) of 4.43 (1.74-11.32) and 2.76
(1.02-7.94), respectively. Both groups of
glaucoma patients were also more likely to
experience dry eye symptoms, with ORs of
4.72 (1.92-11.59) and 4.24 (1.54-11.72). There
was no significant difference in TFO and
symptoms between both groups of glaucoma
patients, and in TBUT and Schirmer’s test
across all three groups.

Conclusions Patients on chronic topical anti-
glaucoma medication and post-
trabeculectomy patients were more likely to
have raised TFO and dry eye symptoms,
suggesting significant ocular surface disease.
Glaucoma practitioners should be aware that
dry eye symptoms and raised TFO may occur

S-Y Lee', TT Wong'23, J Chua?, C Boo', YF Soh?
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in the absence of TBUT and Schirmer’s test
abnormality.
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Introduction

Glaucoma is a major cause of blindness
worldwide, second only to cataract.'2 The
estimated prevalence of 0.8-7.0% globally®= is
predicted to increase by up to 50% by the year
2020,%2 with 11.2 million of these patients
projected to suffer from bilateral blindness.
Treatment for glaucoma is usually targeted at
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reducing the intraocular pressure (IOP), which,
when increased, is the main cause of irreversible
optic nerve damage. This is usually achieved by
topical medications.”

Unfortunately, ocular surface disease (OSD) is
common in patients chronically treated for
glaucoma.® One of the reasons for this adverse
effect is the presence of preservatives in the
medication. The detrimental effects on the
ocular surface could even decrease quality of
life.”10 These preservatives, the most common
being benzalkonium chloride (BAK), inhibit
microbial growth in the medication and
minimize the risk of ocular infection. In the
form of cationic surfactants, preservatives cause
microbial cell destruction by disrupting the cell
membrane lipids and cytoplasmic contents.!!
The lipid-destruction properties in BAK extend
to the lipids in the tear film, which solubilizes
during interaction with BAK.!? Tear lipids are
responsible for the stabilization and evaporation
control of the tear film. Its disturbance is a major
cause of dry eye!>—a common condition
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among patients being treated for glaucoma.'*

The International Dry Eye Workshop has classified the
use of anti-glaucoma medication as an extrinsic cause of
evaporative dry eye.!®

Surgical intervention is warranted when topical
medications are inadequate in achieving the target IOP
(eg, in advanced glaucoma), or there are significant
contraindications for medication use (eg, medical side
effects such as arrhythmia or allergic response).” The
current first line surgical procedure for glaucoma
treatment is trabeculectomy with antimetabolites. After
trabeculectomy, approximately 40% patients no longer
require the use of anti-glaucoma medication.'®> The
prospect of anti-glaucoma medication cessation after
surgery may be an advantageous outcome because the
eye will no longer be subjected to the side effects of the
contained preservatives. It is not known if the dry eye
effect induced by previously instilled preservative
containing medications can be reversed after their
cessation. On the other hand, trabeculectomy has been
suggested to have deleterious effects on the ocular
surface, for example, conjunctival epithelial spongiosis
and reduced number of conjunctival goblet cells.!®

Previous researchers have analyzed the tear function in
patients using topical anti-glaucoma medications. Tear
break-up time (TBUT) and Schirmer’s test are examples
of the common tests used. Another parameter that can be
used to evaluate dry eye is tear film osmolarity (TFO).
Measurements of TFO have been demonstrated to be
suitable, and even superior to other forms of tests, in
terms of dry eye diagnosis.'”~1° Sullivan et al.?’ found
that TFO measurements are the best indication of dry eye
severity, with a correlation coefficient of 0.55, as
compared with other clinical tests.

In dry eye patients, TFO is increased. This moreover
causes osmolarity of the ocular surface epithelial cells to
elevate. The hyperosmolarity of the cells prompts the
production of a cascade of proinflammatory cytokines.?
Conjunctival hyperemia, superficial punctate keratitis
and symptoms of ocular discomfort are just a few of the
clinical manifestations of tear cytokine upregulation.?!
In patients topically medicated for glaucoma, TFO have
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been demonstrated to be elevated compared with normal
values.?>?®> However, the previous studies did not
compare these TFO values to a group of normal patients
as controls. Januleviciene et al*> evaluated the change in
TFO as patients switched from preserved anti-glaucoma
medications to its preservative-free variants, whereas
Labbe et al?? did a cross-sectional study to evaluate the
effect of preserved topical anti-glaucoma medications
on TFO.

Despite the numerous studies conducted on
anti-glaucoma medication and OSD, the tear function
test (TBUT and Schirmer’s test) profiles of these
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patients have not been well reported. The far majority
of studies only reported symptoms?* or the tear
function tests with preset thresholds.?>?>2¢ Another
study reported that only 4.8% and 33.8% of patients on
anti-glaucoma medications had TBUT and Schirmer’s
test values of >10s and >10mm, respectively, as
compared with a healthy population of 100% above
these thresholds.?”

We hypothesize that TFO may be raised in glaucoma
patients, both on topical therapy and post
trabeculectomy, compared with normal controls. This
study is therefore aimed to compare TFO in chronically
medicated glaucoma patients and post-trabeculectomy
patients to controls without glaucoma or dry eyes.

As a secondary aim, we will compare clinical tear
function tests between glaucoma patients and controls and
explore the relationships between these dry eye test results
and glaucoma treatment variables (ie, duration and
number of topical anti-glaucoma medications).

Materials and methods

A prospectively conducted case-controlled study was
performed at the Singapore National Eye Centre, from
February 2012 to July 2012. This study complied with the
tenets of the Declaration of Helsinki on human research
and was approved by the SingHealth Institutional
Review Board. All study participants have read and
signed an informed consent form.

Eligible patients above the age of 45 years were
recruited and segregated into three groups. The first
group consisted of normal patients without prior history
of glaucoma, dry eye, or other ocular surface disorder.
Only patients who did not have any dry eye symptoms
or use of lubricants within the last 3 months were
included. The second group consisted of patients with
glaucoma, have been using >1 topical preserved anti-
glaucoma medication for >6 months, and had no history
of trabeculectomy. The third group consisted of patients
with glaucoma who have undergone trabeculectomy >6
months ago and were not on any anti-glaucoma
medications or topical steroids. Patients with any other
history of significant ocular or systemic disease, ocular or
systemic conditions associated with dry eye, use of
topical steroids, and contact lens wear were excluded
from the study.

Clinical evaluation

Dry eye symptoms and clinical signs were evaluated. The
severity and frequency of dry eye symptoms experienced
by patients were determined using the ‘Symptom
Assessment iN Dry Eye’ (SANDE) scale as previously
described.?® In short, the subject marks an “X’ on two
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separate 10 cm line; one representing the severity and the
other representing the frequency of symptoms. These
parameters were then quantified by measuring the
distance between the left-end of the line to the ‘X’, with a
range of 0-100mm. A symptom global score was than
computed using these measurements.

Clinical tests include TFO measurement, TBUT, and
Schirmer’s test I (without anesthesia). TFO was
measured using the TearLab Osmolarity System (TearLab
Corp, San Diego, CA, USA). The lab-on-a-chip system of
the instrument consists of a one-time-use test card, which
collects 50 1 of tear sample and analyses it immediately
to provide an osmolarity reading.?’ In accordance to the
recommendation of the manufacturer and a previous
report,30 three measurements per eye were taken and
averaged for analysis. However, only the eye eligible for
the study was evaluated.

Another recommendation of the manufacturer was to
obtain measurements from both eyes and use the higher of
the two measurements for z;malysis.zo’31 However, because
not all glaucoma patients would be treated on both eyes,
only the treated eye was included in the study. In patients
where both eyes were eligible, both eyes were included in
the study. In the control group, only the right eye was
included in the analysis. To ensure that the TFO is not
affected by reflex tearing or the instillation of fluorescein
dye, measurements were done before any other clinical tests.

For TBUT evaluation, fluorescein was instilled with a
fluorescein strip (Fluorets; Chauvin Pharmaceuticals,
Aubenas, France) moistened with non-preserved saline.
A single observer evaluated this parameter to avoid
inter-observer discrepancies. TBUT was measured three
times with a stopwatch and averaged for analysis.
Schirmer’s test I recorded (in millimeters) the length of
wetting on the Schirmer’s strip (Sno strips; Bausch &
Lomb, Rochester, NY, USA) after 5min.

Data analysis

To maintain independence of data points, only one

eye was included in the analysis. The right eyes of
normal controls were used for analysis. For patients in
the glaucoma treatment groups, if both eyes are eligible
for the study, only the right eye of each patient was
used for analysis.

Statistical analysis was performed using SPSS (version
20; SPSS statistics, Chicago, IL, USA). For comparisons of
continuous variables (eg, TFO and SANDE scores)
between the three groups, if analysis of variance
(ANOVA) showed a significant trend (P <0.05), post hoc
multiple comparisons were used, with statistical
significance set at the level of 0.05/6 or 0.008. Differences
in clinical features between each group were first
determined with one-way MANOVA. Where there is a
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significant result in one-way MANOVA, logistic
regression was performed to calculate odds ratios,
corrected for age and gender. Values from the control
group were used as the indicator to which the medicated
and post-trabeculectomy group were compared.
Spearmen’s correlation was used to identify correlations
between each clinical test. To establish dichotomous-
dependent variables, the cut-off value for TFO was
<308 mOsm/I as determined from previous reports.
The threshold for coding the other parameters was the

20,22

median values of those parameters among all patients. For
example, severe dry eye symptom was defined as having
a SANDE score above the median of 10. To examine
associations between the dry eye parameters and variables
of medication use (ie, the duration and number of drops
used), logistic regression was performed with the dry eye
parameters as dependent variable and the medication
variables as independent variables.

Results

One-hundred and thirty patients were recruited in total:
49 normal controls; 50 in the medicated group; and 31 in
the post-trabeculectomy group. Mean age of patients in
the three groups were 63.2+9.3,65.9+10.1, and 71.1 +7.5
years, respectively. There was no statistical difference in
patient demographics between the control and the
medicated group. However, patients in the post-
trabeculectomy group were significantly older than the
other two groups (P <0.005). Racial differences between
groups were minimal, with the majority made up of
Chinese patients. Patient demographics, duration and
number of topical anti-glaucoma medication used, and
duration between trabeculectomy and study entry are
shown in Table 1.

Of the 50 patients (50 eyes) in the medicated group, the
most common glaucoma type was primary open-angle
glaucoma (24 patients), followed by primary angle-
closure glaucoma (20 patients). Five patients were being
treated for ocular hypertension, and two patients had
neovascular glaucoma secondary to uveitis. For each
patient, the mean number of medications currently used
was 3, their duration of medication use varied widely,
ranging from 6 to 195 months, with a mean of 63.2
months (Table 1).

In the post-trabeculectomy group, majority of
diagnoses were similarly primary open-angle glaucoma
(16 patients), followed by primary angle-closure
glaucoma (15 patients). One patient had ocular
hypertension and two had secondary glaucoma (one due
to pigment dispersion and the other due to post-
penetrating keratoplasty). All patients have discontinued
medication use for a duration ranging 11-166 months
since the trabeculectomy procedure, with a mean of 56.7



months (Table 1). Before trabeculectomy, patients in
group 3 used a mean of three different types of topical
anti-glaucoma medication for a duration ranging 6-138
months, with a mean of 42.7 months.

The severity of dry eye symptoms (Table 1) is the main
discriminating feature between the glaucoma groups
compared with control. In addition, we found TFO
correlated moderately with the SANDE score (r=0.317,
P <0.001). There was a trend for lower TBUT in the
medicated group compared with controls, and a lower
Schirmer’s test in the post-trabeculectomy group
compared with controls, but these were not statistically
significant (Table 1).

TFO was significantly higher in the medicated and
post-trabeculectomy groups as compared with normal
controls (P =0.01, Table 1). Patients on chronic
anti-glaucoma medication were approximately three
times more likely to have an increased TFO, whereas

Table 1 Patients’ age and gender
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post-trabeculectomy patients were up to four times more
likely (Table 2). There was, however, no significant
difference in TFO between these two groups of glaucoma
patients (P =0.41).

When the results were recalculated including only the
eye with worse osmolarity in glaucoma patients where
both eyes were eligible, similar conclusions were
obtained except with higher odds ratios (data not
shown). We did not present this formally as we did
not have osmolarity values for both eyes of the control
group.

Similarly, with symptom scores, both groups of
glaucoma patients experienced more symptoms of
dry eye than controls (P <0.001, Table 1), but no
difference between glaucoma groups (P =0.91). Both
groups of glaucoma patients were five times more
likely to develop severe dry eye symptoms than
controls (Table 2).

Group Control group Medicated group Post-trabeculectomy group P-value
N 49 50 34
Male 22 30 18 0.377
Female 27 20 16
Age (mean + SD) 632%9.3 659 +.10.1 71.1+7.5 0.001
Race
Chinese 46 45 32 —
Indians 2 0
Other Asian races 1 3 2
Anti-glaucoma medications (mean + SD)
Number of drops — 29+1.5 35+2.1° —
Duration (months) 6321433 42.7 £40.4%
Duration since trabeculectomy (months) — — 56.7+37.6 —
Dry eye parameters (mean + SD)
TFO (mOsm/1) 301.4+7.7 307.0+£9.3 307.4+11.6 0.01°
Symptoms 65177 23.4+21.7 233+25.1 <0.001°
TBUT (seconds) 49+59 3.6+23 44+37 0.841
Schirmer’s test (mm) 10.7+12.1 9.7£9.3 45+44 0.158

Abbreviations: TBUT, tear break-up time; TFO, tear film osmolarity.
*Duration and number of drops used are before trabeculectomy.
*One-way MANOVA. Corrected for co-variants age and gender; P <0.05.

Table 2 Model odds ratios of worsened osmolarity and symptoms in medicated and post-trabeculectomy groups

Group TFO

Symptoms

Crude ORs (95% CI)

Adjusted ORs*

Crude ORs (95% CI) Adjusted ORs®

3.09 (1.15-8.33)
3.79 (1.29-11.14)

Medicated group
Post-trabeculectomy group

2.94 (1.07-8.09)
3.00 (1.01-9.26)

3.75 (1.62-8.68)
3.96 (1.53-10.26)

4.77 (1.93-11.67)
4.86 (1.69-13.96)

Logistic regression as compared with group 1. Independent variables are listed in the first column and dependent variables in the first row.

*Corrected for age and gender.
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Age, gender, number and duration of topical
anti-glaucoma medication use, and duration since
trabeculectomy did not significantly contribute to the
severity of TFO and dry eye symptoms and signs
(Table 3).

Discussion

This study found TFO to be elevated significantly in both
chronically medicated glaucoma patients as well as in
post-trabculectomy patients as compared with controls.
Glaucoma patients on treatment have also experienced
more symptoms of dry eye than normal controls.
However, tear function tests (TBUT and Schirmer’s test)
were not significantly different between glaucoma-
treated patients and normal controls.

TFO has been suggested to be the ‘gold standard’ for
dry eye diagnosis.*? Studies have demonstrated the
agreement of TFO measurements with other clinical
signs of dry eye!”?? and even exhibited a linear
correlationship with the overall severity of dry eye across
the entire clinical spectrum.?

Although tear film hyperosmolarity have been
demonstrated previously in glaucoma-medicated
patients (n=40),? the lack of a control group may
have rendered the study less conclusive. In the current
study, we found that patients chronically medicated
for glaucoma have significantly higher TFOs than
normal controls. In another longitudinal study of 30
patients, the TFO had decreased significantly within 2
weeks after the patients had switched from preserved
to preservative-free topical anti-glaucoma
medication.?

The discontinuation of preserved medications
supported the widely accepted notion of the adverse
effects of preservatives on the ocular surface. In an

animal study, Chen et al® have demonstrated that
the application of BAK alone onto the cornea can be
extremely detrimental to the ocular surface. The
disturbances of preservatives on tear lipids may
have increased evaporation of the aqueous tear
component, and consequently increased the relative
solute concentration (TFO). Elevation of TFO may
lead to an inflammatory response,?! which damages
the ocular surface and its afferent nerves and may
result in a reduction of tear aqueous secretion and an
even further increase in TFO. In other words, the
TFO may then be a cause as well as effect of the
dry eye.

We also found that TFO is elevated in post-
trabeculectomy patients, even after a long period with
no anti-glaucoma medication. To the best of our
knowledge and literature search, TFO has not been
reported in post-trabeculectomy patients. An
association between development or exacerbation of
dry eye and presence of trabeculectomy blebs has been
suggested.3* Ocular discomfort, tearing, foreign body
sensation, and burning sensation had been reported in
patients after trabeculectomy in an observational study
of 97 patients.3? These symptoms are similar to that of
dry eye.!®> We found agreeing data in the current study,
where post-trabeculectomy patients were five times
more likely to experience symptoms of dry eye. It is
important to note that the symptoms and clinical signs
of dry eye may not always concord.3*%” In a study of
344 subjects, only 57% of patients with clear objective
signs of dry eye were symptomatic.?’ On the other
hand, patients may experience symptoms of dry eye in
the absence of any clinical signs.3® The disagreement
between symptoms and signs may be an additional
support for the use of TFO measurements to determine
the severity of dry eye.

Table 3 Associations between dry eye features and the use of IOP-lowering eye drops

Independent variable

Osmolarity
(=309 mOsm/l)

Symptoms (VAS
score >11)

TBUT (<65)

Schirmer’s
(<9mm)

All patients
Age (each year increase)
Gender (female)

Medicated group
No. of eye drops (each increase)
Duration of eye drop use (per month increase)

Post-trabeculectomy group
No. of eye drops before trabeculectomy (each
additional drop)
Duration of eye drop use before trabeculectomy (each
additional month)
Duration since trabeculectomy (each additional month)

1.05 (1.00-1.09)
1.02 (0.47-2.20)

1.56 (0.46-5.39)
0.71 (0.99-1.02)
1.60 (0.31-8.32)
1.01 (0.99-1.03)

0.97 (0.93-1.00)

1.02 (0.98-1.05)
1.98 (0.98-3.99)

1.12 (0.76-1.65)
1.01 (1.00-1.03)
0.75 (0.15-3.83)
1.01 (0.98-1.03)

1.00 (0.98-1.02)

0.99 (0.96-1.04)
0.86 (0.39-1.88)

0.23 (0.44-1.18)
1.00 (0.98-1.02)
6.00 (0.56-63.98)
0.98 (0.95-1.02)

0.98 (0.92-1.01)

1.02 (0.99-1.06)
1.01 (0.55-2.18)

0.48 (0.15-1.57)
1.00 (0.98-1.01)
0.80 (0.65-1.45)
0.99 (0.97-1.02)

1.00 (0.97-1.01)
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Neves Mendes et al* conducted a case-controlled
study to evaluate ocular surface changes in post-
trabeculectomy patients. By comparing a group of post-
trabeculectomy patients (at least 6 months after surgery)
against normal controls (40 eyes of 40 participants in
each group), they found that TBUT, corneal fluorescein
staining, and Rose Bengal staining were worse in post-
trabeculectomy patients.3° In that study, TBUT was lower
in post-trabeculectomy patients (9.3 4.5 vs 12.5+2.1s in
the control group), but the difference may not be
clinically meaningful. Although the racial composition
of their study population and site(s) of data collection
were not mentioned, it is likely to be made up of at least
a majority of Brazilian because the authors’ affiliations
were in Brazil. Differences between TBUT and
Schirmer’s test of these studies may be because of
differences in ethnicity. The tear parameters may be
more normal in non-Asian controls compared with
Asian controls. In addition, it should be noted that in
Neves Mendes et al’s study, their post-trabeculectomy
patients discontinued topical medications for >3
months as compared with >11 months in the current
study. Some residual effect from the medication may
have manifest in their data.

The mechanism of dry eye in post-trabeculectomy
patients is not well understood. It is likely that the bleb
morphology, which can be elevated, especially cystic
blebs, interferes with the spreading of the tear film as the
upper lid passes over this elevation. In 1983, Soong and
Quigley*? noticed dellen formations proximate to the
blebs in 10% of the trabeculectomy cases reviewed. They
associated the dellen formations to compromised tear
film, which have a tendency to break up at the corneal
area adjacent to the bleb.

There are several other reasons why trabeculectomy
itself may compromise tear function; the use of
antimetabolites may have compromised corneal
epithelium. For example, mitomycin C used during
surgery to minimize post-operative scarring has reported
to cause corneal epitheliopathy*!#? and limbal stem cell
deficiency.* Irregular corneal surface and increased
inflammatory cells result from the corneal epithelial
abnormalities,*>#¢ and this may be related to the poor
quality of the tear film.

Alternatively, the raised TFO in trabeculectomy may
be related to prior medication use. If this were true, the
fact that patients” TFO were still elevated even after more
than 11 months of discontinuation of anti-glaucoma
medication is quite remarkable and significant. This
prolonged effect of medications may be related to
profibrotic and chronic inflammatory changes in the
ocular surface after instillation of anti-glaucoma
medications. Our results also seem to suggest that TFO
and dry eye symptoms tend not to reverse after
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trabeculectomy surgery in previously chronically
medicated glaucoma eyes.

In our study, glaucoma patients experienced more
symptoms of dry eye than the controls. In the
profiling of our glaucoma patients, unlike Baudouin®
who reported a lower mean TBUT and Schirmer’s
compared with our studies, our controls and
glaucoma patients essential show similar TBUT and
Schirmer’s test.

In the profiling of our glaucoma patients, dry eye
symptoms were more severe in glaucoma patients than
controls. On the other hand, our controls and glaucoma
patients showed similar TBUT and Schirmer’s test
results. One possible explanation for this is the way we
defined the control group, that is, we defined control
participants to be those with absence of dry eye
symptoms. Later on, we explored the scenario of controls
having stringent criteria for TBUT and Schirmer’s test.
However, there was no difference in the mean TFO
(P>0.05) with exactly the same mean of 301 mOsm/1,
comparing controls with TBUT above and below 5s.
Similarly, the mean TFO in controls with Schirmer’s test
less or more than 10 mm was also not different at
301 mOsm/1. This suggests that more stringent
classifications for controls will not result in a lower or
different TFO.

We found that the number of topical anti-glaucoma
medications use, duration of use, and duration post
trabeculectomy did not influence the osmolarity and dry
eye symptoms (Table 3). In contrast, Labbe et al??
reported that the number instillations of anti-glaucoma
medications correlated positively with the TFO
(r=0.629). The apparent discrepancy may be due to a
smaller range or spread of our variables. The TFO ranged
from 290 to 339 mOsm/1 in the current study compared
with 280-343 mOsm/1 in Labbe et al’s study. TBUT in our
glaucoma patients was also spread within a smaller
range (0.8-10.8 s), compared with the seconds reported in
the study by Labbe et al.

The current study has several strengths. We calculated
odds ratios of glaucoma treatment contributing to
increased TFO and dry eye symptoms. The incorporation
of a control group eliminated any bias in the data
collection process. To the best of our knowledge, this is
the first study that reported the tear function tests values
in glaucoma-medicated and post-trabeculectomy
patients with a control group.

In addition, clinical tests were performed in a
standardized sequence that ensured that measurements
were not affected by a previous procedure. Repeated
measurements of TFO and TBUT also ascertained their
accuracy.

However, the drawbacks of our study must also be
considered. First, corneal and conjunctival fluorescein
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staining was not evaluated, although this has been
extensively studied in the past.?53539,46-48

Second, our study did not consider the possibility that
glaucoma patients’ (in the medicated and post-
trabeculectomy groups) tear function may be due to dry
eye that was independent of their glaucoma treatment.
Glaucoma patients on concomitant systemic (eg,
hormonal pills)* or ocular medications (eg, artificial tear
lubricants),® which can affect dry eye test parameters,
were also not considered. A controlled longitudinal
study of TFO may be needed to ascertain ocular surface
changes that may take place after the commencement of
glaucoma treatment.

Third, the effect of different kinds of topical anti-
glaucoma medications on TFO was not evaluated in
detail here. For example, differences in ocular surface
side effects of latanoprost and timolol have been
reported, although this is controversial among different
studies.’>2 Future studies may be warranted to
evaluate TFO variances with different types of
anti-glaucoma medication use. In addition, we did not
evaluate number of instillations of medications per day
or the time of last use. A longitudinal prospective study
would also be good to evaluate the same eye on
medication and postoperatively. This may be difficult to
analyze because of variation of use during the long
period of treatment.

In glaucoma, medical compliance is crucial in
controlling the IOP. Unfortunately, the preservatives
present in these medications cause the development of,
or exacerbates, OSD. Preservative-induced OSD causes
ocular discomfort and dryness and may account for
non-compliance to glaucoma treatment®® (up to 64% in
one study).>* The development of preservative-free
topical anti-glaucoma medications such as Timabak
(Théa, Paris, France) and Zioptan (Merck, Whitehouse
Station, NJ, USA) has provided a solution to avoid the
adverse effects of preservatives.'*%> The decrement of
TFO and improvement of symptoms is even possible
when patients switch from preserved prostaglandin
analogue (latanoprost) drops to its preservative-free
form (tafluprost).?®

Glaucoma practitioners should be aware that the
presence of dry eye symptoms may occur with a raised
TFO to indicate OSD in their patients, without an
associated abnormality of TBUT and Schirmer’s testing.
This emphasizes the importance of ocular surface
symptom assessment in glaucoma patients.

In conclusion, our study reports that TFO is increased
in glaucoma patients on chronic topical medications and
remains elevated after trabeculectomy surgery. Further
studies may be warranted to determine whether dry eye
is merely aggravated by or can be caused by
trabeculectomy surgery.

Eye

Summary

What was known before

® Usage of anti-glaucoma topical medications, particularly
preserved ones, exacerbates or causes ocular surface
disease.

® Ocular surface disease is partly due to inflammation,
which is triggered by increased osmolarity of the ocular
surface cells, and indirectly by increased osmolarity of the
tear film.

® Tear osmolarity has been suggested to be increased in
patients on chronic anti-glaucoma medications, but
previous studies did not incorporate a control group.

What this study adds
® Tear osmolarity is significantly increased in patients on
chronic anti-glaucoma medications as compared with
controls.
® Tear osmolarity is also significantly increased in
post-trabeculectomy patients.
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