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ABSTRACT

Introduction: To compare the effects of a
preservative-free (PF) ophthalmic solution con-
taining hyaluronic acid (HA) 0.4% and taurine
(TAU) 0.5% with those of a PF ophthalmic
solution containing HA 0.2% on ocular surface

signs, symptoms, and morphological parame-
ters in glaucoma patients under multiple long-
term topical hypotensive therapy.
Methods: Eligible patients underwent evalua-
tion of ocular surface parameters by ocular sur-
face disease index (OSDI) and glaucoma
symptom scale (GSS) questionnaires, breakup
time test (BUT), Schirmer I test, corneal and
conjunctival staining (Oxford scale), and con-
junctival in vivo confocal microscopy (Heidel-
berg Retina Tomograph 3, Heidelberg
Engineering GmbH, Heidelberg, Germany).
After the baseline visit, patients were random-
ized to use a PF ophthalmic solution containing
HA 0.4% and TAU 0.5%, QID, in both eyes
(group 1) or to use a PF ophthalmic solution
containing HA 0.2%, QID (group 2) in addition
to the ongoing preserved hypotensive treat-
ment. Follow-up visits were scheduled at 30 and
90 days.
Results: Thirty-nine eyes of 39 glaucoma
patients were included in the study. At baseline,
results of study tests of both groups were simi-
lar. After 90 days in group 1 the BUT (p = 0.01),
the Oxford score (p = 0.03), the conjunctival
goblet cells (CGC) density (p = 0.0005) ,and the
two questionnaires score significantly improved
(OSDI, p = 0.003; GSS, p = 0.003) compared to
baseline values, while in group 2 all these
parameters did not differ from baseline (BUT,
p = 0.39; Oxford score, p = 0.54; CGC density,
p = 0.33, OSDI p = 0.65, GSS, p = 0.25). The BUT
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and the CGC density were statistically different
between groups both at 30 and 90 days (p = 0.04
and p = 0.04, respectively). The Schirmer I test
did not statistically change after 90 days in both
groups.
Conclusions: The PF ophthalmic solution with
HA 0.4% and TAU 0.5% seems to improve CGC
density and reduce signs and symptoms of dry
eye in glaucoma patients under long-term
multiple preserved hypotensive therapy.
Trial registration: ClinicalTrials.gov identifier,
NCT03480295.

Keywords: Conjunctival goblet cells;
Glaucoma; Hyaluronic acid; In vivo confocal
microscopy; Ophthalmology; Taurine

INTRODUCTION

Glaucoma is a chronic, progressive, potentially
blinding, optic neuropathy and lowering the
intraocular pressure (IOP) is the only evidence-
based method to reduce the risk of visual field
progression [1–3]. According to the European
Glaucoma Society Guidelines, topical
monotherapy is the first step in the therapeutic
algorithm for glaucoma and if target pressure is
not reached, it is recommended to switch drugs
or to add another drug in combination [4].

The use of combination therapy is necessary
in a high proportion of patients at any stage of
the disease; for example, the Ocular Hyperten-
sion Treatment Study and the Collaborative
Initial Glaucoma Treatment Study reported that
up to 50% and 75% of patients required two or
more drugs to reach their target intraocular
pressure [1, 3].

Nevertheless, the chronic use of multiple
hypotensive eye drops with repeated daily
instillations exposes the ocular surface to the
simultaneous actions of the active compounds
and the preservatives with consequences on the
health status of the ocular surface, subjective
symptoms, and reduced patient quality of life
[5–7].

Benzalkonium chloride (BAK) is the most
widely used preservative in ophthalmic prepa-
rations and its epithelial toxic effects have been
well established. The chronic use of BAK has

been associated with dry eye characterized by
inflammation of the ocular surface, conjuncti-
val squamous metaplasia, apoptosis and dis-
ruption of the corneal epithelium barrier,
decrease of conjunctival goblet cells (CGC), and
tear film instability [8, 9].

One of the most common treatments to
relieve signs and symptoms related to dry eye is
the use of lubricants containing hypotonic or
isotonic buffered solutions with electrolytes,
surfactants, and various types of viscosity agents
such as hyaluronic acid (HA). HA is a naturally
occurring polysaccharide that has an excellent
water-retaining and lubricant properties, as well
as viscoelastic effects that aid vision during
blinks and maintain hydration and lubrication
of the ocular surface between blinks [10]. For
dry eye therapy, higher HA concentrations,
between 0.1% and 0.4% are usually used in
clinical practice [11–13].

Several studies have demonstrated that tau-
rine (TAU), an essential amino acid highly
expressed in the anterior segment of the eye,
and the most abundant amino acid in the tear
fluids, exerts a protective activity against dam-
age caused by oxidative agents to the ocular
surface [14–17]. Furthermore, it has been
demonstrated that TAU plays a key role in reg-
ulating epithelial barrier function [18].

The purpose of the present study was to
compare the effects of a preservative-free oph-
thalmic solution containing HA 0.4% and TAU
0.5% (Oftaial Plus�, Alfa Intes, S.r.l.) on ocular
surface signs, symptoms, and morphological
parameters with those of a preservative-free
ophthalmic solution containing lower concen-
tration of HA (0.2%) (Zerodue�, Alfa Intes, S.r.l.)
without TAU in glaucoma patients undergoing
multiple long-term topical preserved hypoten-
sive therapy.

METHODS

This was a 3-month, prospective, randomized,
single masked, parallel study.

The study protocol was approved by the
ethics committee of the IRCCS Fondazione G.B.
Bietti (Trial Registry N.51/FB/16) where it was
conducted in accordance with the Declaration
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of Helsinki. The trial was retrospectively regis-
tered at ClinicalTrials.gov, ID NCT03480295.

Only patients older than 18 years old of both
genders and able to understand and sign the
written informed consent were enrolled.

Inclusion criteria were a diagnosis of glau-
coma and ongoing topical therapy with two or
more preserved ocular hypotensive eye drops
per day for at least 2 years.

Primary open angle glaucoma was defined as
the presence of a repeatable visual field (VF)
defect, corresponding to optic nerve damage. A
glaucomatous VF change was defined as the
consistent presence of a cluster of three or more
non-edge points on the pattern deviation plot,
with a probability of occurring in less than 5%
of the normal population, and with one of these
points having the probability of occurring in
less than 1% of the normal population, a pat-
tern standard deviation with p\5%, a glau-
coma hemifield test result outside normal
limits. VF defects had to be reliable (false posi-
tive\15%; fixation losses and false negative
responses\ 25%) and confirmed in at least two
tests no more recent than 1 month.

Exclusion criteria were best corrected visual
acuity B 20/40, history of active or past oph-
thalmological diseases different than glaucoma,
contraindications to use of topical solution
components used in this study, current use of
contact lenses, current use or use in the past
6 months of ocular medications other than
hypotensive eye drops, systemic treatments
known to affect tear secretion, any history or
slit lamp evidence of eye surface diseases dif-
ferent from dry eye, history of ocular trauma,
surgery or laser treatments, rheumatologic and
autoimmune diseases, diabetes, peripheral
neuropathies, use of systemic steroids or
immunosuppressants.

Clinical Examination

At the screening visit all patients underwent
comprehensive ophthalmological examination
including best corrected visual acuity assess-
ment, slit lamp evaluation, IOP measurement
using Goldmann applanation tonometry, and
indirect dilated ophthalmoscopy with a

90-diopters lens. Visual field testing using
Humphrey 24-2 SITA-Standard program (Carl
Zeiss Meditec, Inc., Dublin, CA 24-2 program)
was performed only for those patients with the
last exam older than 3 months.

Baseline visit was split into two visits sched-
uled 1 week apart ±2 days to evaluate ocular
surface alterations by means of several tests.

To minimize the influence of each test on the
subsequent test, we performed first the least
invasive and then the most invasive test. During
the first baseline visit patients were asked to
complete two questionnaires, the ocular surface
disease index (OSDI) and the glaucoma symp-
tom scale (GSS), and then underwent the
breakup time test (BUT), corneal and conjunc-
tival staining evaluation using Oxford Staining
Scheme, and Schirmer I test after 15 min of rest.
During the second baseline visit, patients
underwent conjunctival confocal laser micro-
scopy with the Rostock Module of Cornea of the
Heidelberg Retina Tomograph (HRT3, Heidel-
berg Engineering GmbH, Heidelberg, Germany).

At the end of the second baseline visit
patients were randomized into two groups with
a 1:1 ratio according to a computer-generated
randomization list. Group 1 was asked to self-
administer one drop four times/day of a
preservative-free ophthalmic solution contain-
ing 750 kDa HA 0.4% and TAU 0.5% in both
eyes, while group 2 was asked to self-administer
one drop four times/day of a preservative-free
ophthalmic solution containing only 750 kDa
HA 0.2%, in addition to the ongoing hypoten-
sive therapy.

Follow-up visits were scheduled at 30 and
90 days and all the exams were repeated in the
same order as they were performed at the base-
line visits.

Both eyes were tested but only one randomly
selected eye per patient was included in the
analysis.

The primary endpoint was the comparison of
the changes over time of the CGC density
between the two groups. Secondary endpoints
were the between-group comparisons of the
changes over time of BUT, Schirmer test, con-
junctival staining, OSDI score, and GSS score.

All clinical measurements as well the statis-
tical analysis were performed by investigators
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masked to the patients’ treatment group. A brief
description of the study tests is reported below.

OSDI

OSDI is a questionnaire with good test–retest
reliability and validity used to evaluate the
impact of dry eye on vision-related quality of
life [19]. OSDI is a 12-item questionnaire divi-
ded into three different subgroups: ocular dis-
comfort (five items), ocular symptoms during
daily activities (four items), and ocular symp-
toms caused by environmental triggers (three
items) within the past 4 weeks. The 12 items are
graded on a scale of 0–4 where 0 indicates none
of the time; 1, some of the time; 2, half of the
time; 3, most of the time; 4, all the time. The
total OSDI score is then calculated according to
the following formula: OSDI = [(sum of scores
for all questions answered) 9 100]/(total num-
ber of questions answered) 9 4]. Thus, the OSDI
is scored on a scale of 1–100, with higher scores
representing greater disability.

GSS

The GSS questionnaire is a modified version of a
symptom checklist that was developed by the
investigators of the Ocular Hypertension Treat-
ment Study [20]. In this study, the Italian ver-
sion of the GSS, which has been previously
validated, has been used [21]. The items include
10 ocular concerns, some of nonvisual nature
(burning/smarting/stinging, tearing, dryness,
itching, soreness/tiredness, feeling of some-
thing in the eye) and some of visual nature
(blurry/dim vision, hard to see in daylight, hard
to see in dark places, halos around lights). The
10 items investigate each eye separately. Each
item consists of a yes/no response choice for the
presence of a specific symptom within the past
4 weeks, plus a 4-level bothersome scale for
those who reported having a given symptom.
Therefore, for each eye, a 5-level score is gen-
erated, ranging from 0 (complaint present and
very bothersome) to 4 (complaint absent). This
score is then transformed to a 0–100 scale, with
0 representing presence of a very bothersome
problem and 100 representing absence of a

problem. The final GSS score is averaged
between the two eyes.

BUT

The BUT was performed to quantify the tear film
stability, by instilling a drop of fluorescein in the
inferior fornix. After several blinks, the tear film
was examined using a broad beam of the slit
lamp with cobalt blue illumination. The time
lapse between the last blink and the appearance
of the first randomly distributed dark disconti-
nuity in the fluorescein-stained tear film was
measured three times, and themean value of the
measurements was calculated.

Corneal and Conjunctival Staining

Corneal and conjunctival staining was evalu-
ated 2 min after the sodium fluorescein appli-
cation, using a slit lamp with broad slit width
and 916 magnification with cobalt blue illu-
mination. The light source of the slit lamp was
also set to high intensity.

Corneal and conjunctival staining was gra-
ded according to the Oxford staining scheme, a
chart consisting of a series of panels, labeled A–E
in order of increasing severity (grade 0 = absent;
grade 1 = minimal; grade 2 = mild; grade
3 = moderate; grade 4 = marked; grade 5 = sev-
ere). In each chart, staining is represented by
punctate dots. The number of dots increases by
1 log unit between panel A and B and by 0.5 log
units between B and E. To grade staining,
comparisons are made between the panels and
the appearance of staining on the exposed
interpalpebral conjunctiva and cornea of the
patient [22].

Schirmer I

The Schirmer I test was used to analyze the
production of aqueous tears. It was performed
by measuring the amount of wetting of a special
filter paper (5 mm wide and 35 mm long) placed
in the inferior fornix. To minimize the artifacts
from this test, the patients gently closed their
eyelids until 5 min had elapsed. Then patients
opened their eyes, and the strips were removed.
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In Vivo Confocal Microscopy

The HRT3/Rostock Cornea Module is composed
of a 960 water immersion objective lens and of
a diode laser with a wavelength of 670 nm. The
size of image acquired consists of 384 9 384
pixels including an area of 400 9 400 lm with
transversal optical resolution of approximately
1 lm/pixel. For a successful exam, a large drop
of high viscosity contact gel (Recugel;
Bausch & Lomb Inc.) was applied on the surface
of the microscope lens. Then, for each subject,
an appropriate and sterilized plastic cup was
placed on the microscope (TomoCap; Heidel-
berg Engineering GmbH). Before examination,
the eye was topically anesthetized using 0.4%
oxybuprocaine hydrochloride. Then patients
were accommodated with appropriate posi-
tioning of the head and a drop of high viscosity
contact gel was instilled in the lower conjunc-
tival fornix. Patients were invited to fix the red
light straight ahead and, once the focal plane
was adjusted, they were invited to observe the
most extreme temporal field of view. The
sequences of the nasal bulbar conjunctival
images were taken 5 mm away from the limbus
along the z-axis in the manual mode. At the end
of each examination, one drop of the antibiotic
was instilled. The images were taken between 5
and 25 lm of the conjunctival tissue and the
best sequence with the highest quality was
considered for the analysis. As described by
previous studies, the goblet cells appeared large,
hypereflective, and oval-shaped with hypere-
flective nuclei, larger than the surrounding
epithelial non-goblet cells, crowded in groups
or dispersed within the epithelium [23, 24]. The
images were examined by two different inves-
tigators using the Cell Count Software (Heidel-
berg Engineering GmbH) in the manual mode
and the results were expressed as cells per square
millimeter.

Statistical Analysis

The normality of the distribution of the data
was checked by Shapiro–Wilk test and para-
metric continuous variables were expressed as

mean ± standard deviation and non-parametric
variables as median and interquartile range.

To compare changes over time of the study
parameters between the two groups, multivari-
ate analysis of variance (MANOVA) for repeated
measures was used.

Within-group paired parametric and non-
parametric continuous variables were compared
by means of the paired samples t test and Wil-
coxon signed rank test. Categorical variables
were compared between groups by means of
Chi-square test or Fisher’s exact test as appro-
priate. A p value less than 0.05 was considered
statistically significant. The statistical analysis
was performed using JMP software ver. 9.0.1
(SAS Institute Inc.).

RESULTS

Forty eyes of 40 glaucoma patients under mul-
tiple long-term preserved topical hypotensive
therapy were included in the study. Group 1
included 19 eyes of 19 patients, while group 2
included 20 eyes of 20 patients. One patient of
group 1 was lost to follow-up after the baseline
visit without performing any follow-up visit
and was not included in the analysis.

Clinical and demographic data of both
groups were statistically similar and are shown
in Table 1. Moreover, no statistically significant
differences were detected between groups in
baseline ocular surface signs, symptoms, and
morphological parameters (Table 2).

Changes over time of BUT and the CGC
density were statistically different between
groups throughout the follow-up (p = 0.045 and
p = 0.048, respectively) while changes of Schir-
mer I, OSDI, and GSS scores of over time were
statistically similar between groups (full details
are reported in Table 2).

In group 1 after 90 days of treatment, but not
after 30 days, both the GSS score and the OSDI
score were statistically significantly improved
compared to baseline (GSS score, 56.95 ± 14.64
at baseline vs 63.71 ± 13.69 at 90 days,
p = 0.0032; OSDI score, 43.76 ± 19.17 at base-
line vs 34.47 ± 15.48 at 90 days, p = 0.007). In
group 2 neither GSS nor OSDI showed
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Table 1 Comparison of clinical and demographic characteristics between groups 1 and 2

Group 1 (n = 19) Group 2 (n = 20) p

Gender (M/F) 12/7 11/9 0.43

Age (years) 62.84 ± 5.84 64.45 ± 10.78 0.08

Spherical equivalent (diopters) - 0.75 ± 2.51 - 0.12 ± 1.42 0.35

Number of drops per day 2.47 ± 0.61 2.45 ± 0.60 0.90

Treatment duration (months) 46.22 ± 14.91 45.21 ± 15.14 0.83

Table 2 Between-group and within-group comparisons of study variables throughout the follow-up

Parameter Group T0 T30 T90 pa pb pc

GSS score Group 1 56.95 ± 14.64 56.36 ± 18.35 63.71 ± 13.69 0.25 0.81 0.0032

Group 2 54.82 ± 17.54 55.43 ± 15.68 57.51 ± 14.65 0.75 0.25

pd 0.68 0.87 0.18

OSDI score Group 1 43.76 ± 19.17 37.79 ± 17.99 34.47 ± 15.48 0.10 0.052 0.0066

Group 2 40.82 ± 15.10 38.55 ± 17.48 39.78 ± 12.34 0.21 0.65

pd 0.59 0.27 0.0362

BUT (s) Group 1 7.63 ± 2.98 7.15 ± 2.54 8.84 ± 2.52 0.045 0.16 0.0103

Group 2 7.25 ± 2.14 7.35 ± 1.98 7.65 ± 2.0 0.77 0.39

pd 0.65 0.79 0.11

Oxford score Group 1 1.31 ± 0.74 0.84 ± 0.89 0.89 ± 0.56 0.13 0.012 0.039

Group 2 1.15 ± 0.98 1.05 ± 0.88 1.00 ± 0.85 0.68 0.54

pd 0.55 0.47 0.65

Schirmer I (mm/5 min) Group 1 12.05 ± 6.40 11.21 ± 5.72 12.78 ± 7.10 0.58 0.40 0.59

Group 2 11.25 ± 2.3 11.10 ± 2.88 11.40 ± 3.97 0.48 0.76

pd 0.60 0.94 0.39

CGC density (cells/mm2) Group 1 50.89 ± 20.75 53.47 ± 20.92 67.47 ± 23.68 0.048 0.22 0.0005

Group 2 49.65 ± 19.88 52.15 ± 19.78 53.60 ± 19.86 0.18 0.33

pd 0.84 0.84 0.0427

T0 baseline visit, T1 30 days visit, T2 90 days visit, GSS glaucoma symptom scale, OSDI ocular surface disease index, BUT
breakup time, CGC conjunctival goblet cells, GSS glaucoma symptom scale, OSDI ocular surface disease index, BUT break
up time, CGC conjunctival goblet cells
Statistically significant p values (\ 0.05) are in bold
a Between-group comparison of changes over time (MANOVA for repeated measures)
b Within-group comparison between T30 and baseline
c Within-group comparison between T90 and baseline
d Between-group comparisons at each time point
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statistically significant changes at 30 and
90 days compared to baseline (full details in
Table 2).

In group 1 after 90 days, BUT, Oxford score,
and CGC density were significantly improved
compared to baseline values (BUT, 7.63 ± 2.98
vs 8.84 ± 2.52 s, p = 0.01; Oxford score,
1.31 ± 0.74 vs 0.89 ± 0.56, p = 0.03; CGC den-
sity, 50.89 ± 20.75 vs 67.47 ± 23.68 cells/mm2,
p = 0.0005). In group 1, Oxford score was the
only parameter showing statistically significant
changes at 30 days compared to baseline (full
details in Table 2).

In group 2, BUT, Oxford score, and CGC
density after 90 days were not statistically dif-
ferent from baseline (BUT, 7.25 ± 2.14 at base-
line vs 7.65 ± 2.0 s at 90 days, p = 0.39; Oxford
score, 1.15 ± 0.98 at baseline vs 1.00 ± 0.85 at
90 days, p = 0.54; CGC density, 49.65 ± 19.88
at baseline vs 53.60 ± 19.86 cells/mm2 at
90 days, p = 0.33).

No significant changes compared to baseline
of Schirmer I test both after 30 days and after
90 days were observed in either group (group 1,
12.05 ± 6.40 vs 12.78 ± 7.10 mm/s, p = 0.59;
group 2, 11.25 ± 2.3 vs 11.40 ± 3.97 mm/s,
p = 0.76).

DISCUSSION

Medical treatment is used as first-line therapy in
glaucoma to modulate the progression of the
disease and, when effective, is administered for
decades or a lifetime in the form of single or
multiple topical eye drops. Nevertheless, despite
being essential for controlling the progression
of the disease, chronic topical treatment expo-
ses the ocular surface to the simultaneous
deleterious actions of the active compounds
and their preservatives with significant impact
on the health of the ocular surface with conse-
quent symptoms and decreased quality of life
[5–7]. Dry eye, inflammation of the ocular sur-
face, conjunctival squamous metaplasia, apop-
tosis, disruption of the corneal epithelium
barrier, and decrease of CGC are all described
potential consequences of chronic topical
glaucoma treatment [8, 9].

In the present study, we compared the effects
of a preservative-free topical solution contain-
ing HA 0.4% and TAU 0.5% with those of a
preservative-free topical solution containing
lower concentration of HA (0.2%) without TAU
on ocular surface signs, symptoms, and mor-
phological parameters in glaucoma patients
under multiple long-term topical preserved
hypotensive therapy.

In our sample population at baseline, a
reduced BUT was detected in both groups
(group 1, 7.63 ± 2.98; group 2, 7.25 ± 2.14)
indicating a tear film instability associated with
minimal to mild alterations of corneal and
conjunctival epithelium as expressed by the
Oxford score (group 1, 1.31 ± 0.74; group 2,
1.15 ± 0.98). This finding is consistent with
previous findings of a reduced BUT in patients
under chronic topical medications for glaucoma
[25].

In our study BUT showed a statistically sig-
nificant trend of improvement throughout the
follow-up in patients treated with HA 0.4% and
TAU 0.5% topical solution, but not in patients
treated with a lower concentration of HA 0.2%
without TAU. Specifically, we found that after
90 days of treatment with HA 0.4% and TAU
0.5% topical solution, BUT was significantly
increased by 15% compared to baseline from
7.63 ± 2.98 to 8.84 ± 2.52 s; while in patients
treated with HA 0.2%, BUT showed a non-sig-
nificant change of ?0.5% compared to baseline
values.

Additionally, a reduced CGC density at
baseline was detected in both groups and this
agrees with previous studies evaluating CGC
density in glaucoma patients under topical
preserved hypotensive therapy [23, 24]. CGC
are reported to be decreased in the presence of
inflammatory and toxic stimuli on the ocular
surface like during chronic topical preserved eye
drops exposure. CGC represent the main source
of ocular surface mucoproteins and participate
in tear film stability and their reduction may
lead to tear film instability and ocular surface
alterations [25]. Furthermore, it has been
reported that CGC integrity plays a critical role
in bleb functionality after filtration surgery and
that their reduction might compromise the
long-term surgical outcome [26].
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In the present study CGC density showed a
significant trend of improvement throughout
the follow-up in patients treated with HA 0.4%
and TAU 0.5% topical solution, but not in
patients treated with a lower concentration of
HA 0.2% without TAU. Within-group analysis
of changes revealed that CGC density was sig-
nificantly increased in patients treated with HA
0.4% and TAU 0.5% topical solution after
90 days, but not after 30 days from baseline.

At baseline, in both groups the OSDI scores
suggested that patients were affected by a severe
dry eye disease. The OSDI score provides a rapid
assessment of the symptoms of ocular irritation
consistent with dry eye disease and their impact
on vision-related functioning. The within-
group analysis showed that OSDI score was
significantly improved after 90 days of treat-
ment with HA 0.4% and TAU 0.5% topical
solution despite changes from baseline not
being statistically different between groups. We
did not evaluate the correlation between OSDI
score and clinical signs of dry eye which was
beyond the scope of the present study. How-
ever, previous studies failed to find strong cor-
relations between objective clinical signs of dry
eye and patient symptoms probably because
these measures lack sufficient sensitivity to
capture the full range of ocular surface and tear
abnormalities that produce typical dry eye
symptoms [19].

The GSS score at baseline was 56.95 ± 14.64
in group 1 and 54.82 ± 17.54 in group 2. The
GSS quantitatively assesses ophthalmic symp-
toms common to patients with glaucoma: a
score of 0 represents presence of a very bother-
some problem and a score of 100 represents
absence of a problem. Although it cannot be
determined whether the scale measures symp-
toms of glaucoma or symptoms of glaucoma
treatment, the psychometric properties of the
measure show that it provides a valid and reli-
able estimate of symptoms associated with
glaucoma and its treatments and may help
clarify the quality of life experienced by glau-
comatous patients [20]. The within-group
analysis showed that GSS score was significantly
improved after 90 days of treatment with HA
0.4% and TAU 0.5% topical solution despite

changes from baseline not being statistically
different between groups.

The Schirmer I test, which expresses the
aqueous component of the tear film produc-
tion, was within normal limits at baseline and
was unaffected by the study interventions in
either group throughout the follow-up.

In clinical practice, HA in different concen-
trations (0.003–0.4%) is frequently prescribed to
patients suffering from signs and symptoms of
dry eye because of its hydrating and mucomi-
metic properties. HA increases the stability of
the precorneal tear film and improves ocular
surface wettability and smoothness thanks to its
water-retentive and viscoelastic properties. Fur-
thermore, it increases the healing time of cor-
neal epithelium, promoting epithelial cell
proliferation and migration because it is a
ligand for CD44, a transmembrane cell surface
adhesion molecule [27].

In a study comparing the effect of an artifi-
cial tear containing preservative-free HA 0.2%
with a 0.9% saline solution in 16 mild dry eye
patients which used both products, each for
1 month, the authors found that patients
reported a significant improvement in OSDI
score, bulbar hyperemia, corneal staining, con-
junctival staining, and subjective satisfaction
when taking the lubricants containing preser-
vative-free HA 0.2% [13]. As mentioned before,
patients included in our study were affected by
severe dry eye disease and this might be the
reason why ocular surface parameters measured
in group 2 under HA 0.2% did not statistically
improve throughout the study.

Supplementation of ocular lubricants with
amino acids is a recent strategy to treat dry eye
disease. Amino acids are naturally present in
human tears and among these TAU is the most
frequent (46.28% in basal tears and 32.78% in
reflex tears) [15].

The beneficial effects of TAU are, in part, a
result of its antioxidant properties, as well as its
ability to improve mitochondrial function by
stabilizing the electron transport chain and
inhibiting the generation of reactive oxygen
species [28].

It has been demonstrated that TAU favors
corneal wound healing, protects ocular surface
tissues from chemical damage, reduces ocular
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inflammation, and induces a regenerative effect
on the tear film [18].

Results of our study confirm the beneficial
effects of both elements in combination, HA
0.4% and TAU 0.5%, in improving signs and
symptoms of dry eye in glaucomatous patients
under long-term hypotensive preservative
therapy.

Furthermore, this preservative-free oph-
thalmic solution is a hypotonic solution, so it
can reduce tear hyperosmolarity that stimulates
a cascade of inflammatory events in the
epithelial surface cells, involving mitogen-acti-
vated protein kinases and nuclear factor kB
signaling pathways, along with generating
inflammatory cytokines (interleukin-1a, inter-
leukin-1b, and tumor necrosis factor-a) and
matrix metalloproteinases (MMP9) [28]. These
inflammatory events usually lead to the apop-
totic death of surface epithelial cells, including
goblet cells.

On the other hand, the preservative-free
ophthalmic solution with HA 0.2% adminis-
tered to patients in group 2 is an isotonic solu-
tion, and this might have contributed to the
lower improvements of signs and symptoms of
dry eye in those patients, in addition to the low
HA concentration and the absence of TAU.

A limit of the present study is that the results
leave open the question whether the outcome
parameters differ as a result of the higher con-
centration of HA, or the presence of TAU, or the
combination of both. However, it should be
observed that the HA molecular weight of the
two ophthalmic solutions was the same
(750 kDa), so the viscosity could be considered
similar.

Additional studies are necessary to further
explore whether the between-group differences
observed in the present study are related to the
higher concentration of HA, to the presence of
TAU, or to the combination of both in one
single preservative-free hypotonic solution.

CONCLUSIONS

A preservative-free hypotonic ophthalmic solu-
tion with HA 0.4% and TAU 0.5% seems to
reduce signs and symptoms of dry eye in

glaucoma patients under multiple long-term
preserved hypotensive therapy. It is important
to recognize the presence of ocular surface
alterations in patients with glaucoma because
relieving the subsequent ocular discomfort may
help them to improve their adherence to the
hypotensive treatment, while preserving their
quality of life.
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