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ABSTRACT

Purpose: To compare the efficacy and safety of 0.3% hydroxypropyl methylcellulose/dextran (HPMC/dextran)
and 0.18% sodium hyaluronate (SH) in the treatment of ocular surface disease in patients using antiglaucoma
drugs containing preservatives.
Methods: This was a double-blind, randomized, parallel-group study in 70 glaucoma patients with Ocular
Surface Disease Index (OSDI) score greater than 20 points and/or presence of ocular signs. Patients were
randomized to receive either preservative-free 0.3% HPMC/dextran (n = 35) or preservative-free 0.18% SH
(n = 35). Treatment was 1 drop in each eye, 4 times a day. Data were collected at baseline, at day 7 and day 28.
Results: The groups were homogeneous at baseline. At day 28, both treatments showed significant improve-
ments (P < 0.05) in the mean OSDI score, lid skin and lid margin inflammation, conjunctival injection, and
expressibility of meibomian glands, corneal staining score, fluorescein tear breakup time (FBUT), and Schirmer
I test. However, the mean OSDI score, lid margin inflammation and conjunctival injection showed significant
improvements (P < 0.05) in the SH group at days 7 and 28, compared to the HPMC/dextran group. FBUT and
the Schirmer I test also showed significant improvements (P < 0.05) in the SH group compared to the HPMC/
dextran group, at day 28. No adverse reactions were observed in either group.
Conclusions: Preservative-free artificial tear, 0.3% HPMC/dextran, and 0.18% SH, caused a significant relief of
the ocular surface disease in glaucoma patients. However, 0.18% SH led to a greater improvement in ocular
signs and symptoms than 0.3% HPMC/dextran.

Introduction

Glaucoma is the second leading cause of blindness in
Thailand, and more generally worldwide.1,2 Nowadays,

various medications are mandatory for the treatment of glau-
coma to prevent blindness from hypertensive optic nerve
damage. Eye drops usually containing preservatives, are the
mainstay of treatment. However, the long-term duration of
such treatments can also cause ocular surface disease, espe-
cially dry eye. Several previous studies3–9 have shown that the
presence of preservatives in antiglaucoma medications is a
main cause of ocular surface problems such as keratopathy,

conjunctival inflammation, abnormal tear film production, tear
film instability, and meibomian gland dysfunction. These ad-
verse effects can lead to poor adherence to treatment.

Thus, given the need to continue glaucoma treatments and
concern for the ocular surface damage they cause, it is im-
portant to find a medication that would decrease these ocular
surface side effects. Previous reports have demonstrated the
efficacy of nonpreserved artificial tears in increasing tear film
production, tear film stability, and improving ocular surface
in dry eye patients.10–14 Sodium hyaluronate (SH) was shown
in vitro to reduce ocular toxicity due to benzalkonium
chloride (BAK), a preservative often used in antiglaucoma
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drugs.15 Hydroxypropyl methylcellulose (HPMC) is a con-
ventional therapy for tear film disturbances13,14 and is in-
cluded in the essential drug list in Thailand.

The purpose of this study was to investigate the efficacy
and safety of these 2 preservative-free artificial tears (0.3%
HPMC and 0.18% SH) in reducing ocular surface toxicity
induced by preserved antiglaucoma medication. To the best
of our knowledge, this is the first study comparing the ef-
ficacy of these 2 artificial tears in the treatment of ocular
surface disease in glaucoma patients.

Methods

Study design

This was a double-blind, randomized, parallel-group study
carried out at a single center in Thailand. The treatment dura-
tion was 4 weeks and the study was divided into 3 visits for
assessments (baseline, D7, and D28). After a washout period of
7 days for patients who were using artificial tears at the time of
study inclusion, treatment was 1 drop in each eye, 4 times a day.
No artificial tears were given during the washout period. Ethics
committee approval was obtained from the Committee for the
Protection of Human Participants in Research at the Faculty of
Medicine, Siriraj Hospital, Mahidol University, Bangkok,
Thailand [655/2553(EC4)]. The trial was registered with the
following identification number: NCT 01284439 (www
.clinicaltrials.gov). All subjects were recruited from an outpa-
tient department in the Siriraj hospital during the period from
October 2009 to December 2011. Informed consent was ob-
tained from all patients before they were subjected to any study-
specific examination. This study was conducted in accordance
with the Helsinki Declaration and Good Clinical Practice.

Study population

Male and female patients were eligible for the study if they
were over 18 years of age, diagnosed with glaucoma, that is,
primary open angle glaucoma or primary angle closure glau-
coma, and receiving topical antiglaucoma medications. All
eligible patients must have an ocular surface disease index
(OSDI; with the permission of Allergan, Inc., Irvine, CA) score
equal to or greater than 20 and/or ocular surface diseases
presenting any of the following: erythematous rash at eyelid
skin/lid margin, signs of meibomian gland dysfunction, bulbar/
tarsal conjunctival hyperemia, follicle at tarsal conjunctiva,
fluorescein staining score using the National Eye Institute
(NEI) system score equal to or greater than 3 points, Rose
Bengal staining score (NEI system score) equal to or greater
than 3 points, Schirmer’s test equal to or less than 5 mm, and/or
fluorescein tear breakup time (FBUT) equal to or less than 8 s.

Patients less than 18 years of age, those with secondary
glaucoma from known causes, immunocompromised pa-
tients, those with an active or recent ocular infection, those
with known allergies to any ingredient of study medications,
pregnant or lactating women, contact lens wearers, and
patients who were not able to follow the study instructions,
were excluded from the study.

Study material

Vislube� (0.18% SH, molecular weight 1.2 · 106 Da; TRB
Chemedica, Munich, Germany) and TearsNaturale� Free
(0.3% HPMC/0.1% dextran; Alcon, FortWorth, TX) were

used as study products. Vislube is a patented hypotonic
(150 mOsm/kg) solution containing the electrolytes potas-
sium, calcium, magnesium, sodium, and chloride. Tears-
Naturale Free is an isotonic (274 mOsm/kg) solution containing
sodium, potassium, calcium, magnesium, zinc, chloride, and
bicarbonate as electrolytes. Both products are preservative free.
Both the patients and the evaluating investigator (PP) were
blinded to the treatments received. The products were packed in
their original monodose units, from which the label was re-
moved. Therefore, the patients did not know which drug they
were using. In addition, the evaluating investigator (PP) did not
know which product was used.

Study proceedings

At the baseline visit (day 0), patients were assessed for the
inclusion and exclusion criteria. Eligible patients were then
randomized, by blocks of 4, into 2 groups using a computer-
generated randomization list. The type of antiglaucoma
products used was recorded.

Thereafter, all patients were classified as having either
severe or nonsevere complications due to their antiglaucoma
medications. If patients had any serious corneal complication,
such as corneal epithelial defect, pseudodendritic corneal
lesion, or conjunctival pseudomembrane, these patients were
instructed to discontinue their current antiglaucoma medi-
cations and were switched to other systemic treatment mo-
dalities. However, no serious case occurred during the study.

All included patients underwent ocular examinations and
completed 12 questions of the OSDI16 (Thai version) at
baseline and at days 7 and 28. A detailed slit-lamp biomi-
croscopy was performed to evaluate and grade the severity of
lid skin inflammation (Grade 0 = no injection, Grade 1 = lid
skin injection/erythematous rash). Lid margin inflammation
(hyperemia and telangiectasia) and bulbar conjunctival in-
jection were graded as shown in our previous study17: (Grade
0 = no injection, Grade 1 = mild injection, Grade 2 = moderate
injection, and Grade 3 = severe injection).17 The presence of
follicles at the tarsal conjunctiva (Grade 0 = none, Grade
1 = presence of follicle) was assessed.

FBUT test was assessed with 2% fluorescein solution in-
stilled into the lower fornix. FBUT recording was stopped
when the first tear disruption spot was seen. This test was done
3 times and the mean time was used to calculate the FBUT.

Corneal and conjunctival staining with fluorescein and Rose
Bengal was scored and recorded following the NEI system,18

in which the Rose Bengal staining score was recorded, after
totally rinsing out the fluorescein solution with normal saline
solution. The meibomian glands were evaluated in the next
step to prevent pressure on the cornea from the observer’s
hand, which could interfere with the grading of corneal
staining score. Grading of meibomian gland dysfunction was
carried out according to the method reported in our previous
study.17 In brief, the characteristics of meibomian gland se-
cretions and meibomian gland expressibility were graded as in
Table 1. Tear volume, measured by Schirmer I test, was per-
formed in the last step. Additionally, the daily use of tear
supplements was recorded by the patients.

The main outcome measures for efficacy were OSDI
score, lid margin inflammation, meibomian gland secretions
and expressibility, conjunctival injection, corneal and in-
terpalpebral staining, FBUT, and Schirmer I test. Safety and
ocular side effects were recorded at each visit.
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Statistical analyses

As this was a prospective study, no sample size deter-
mination was performed. It was hypothesized that a total of
70 eyes (ie, 70 patients) would provide sufficient power to
show a difference between groups for the primary efficacy
parameter, the OSDI score. The right eye was arbitrarily
chosen for assessment.

Primary efficacy parameters were OSDI score, FBUT,
corneal staining score, and Schirmer I tear test. Descriptive

statistics were represented as mean values and standard er-
rors of the mean. Intragroup comparisons for continuous
variables were performed using a paired t-test or Wilcoxon
signed-rank test (abnormal distribution).

Comparisons between groups for continuous variables
were performed using an independent t-test or Mann–
Whitney U test (abnormal distribution), and a Chi-square
test was used for categorical variables. Statistical signifi-
cance was considered as a P value < 0.05 (two-sided, 95%
confidence interval) and was performed using the Statistical
Package for the Social Sciences software, version 14.0
(SPSS, Inc., Chicago, IL).

Results

A total of 70 patients were enrolled and randomly as-
signed to the 2 treatment groups, each containing 35 patients
(eyes). No patients were withdrawn or lost to follow-up.
Table 1 presents the demographic data and baseline char-
acteristics. There were no statistically significant differences
between groups for ocular signs and symptoms at baseline.
Table 2 presents the antiglaucoma medications used by the
patients before inclusion. Most patients used prostaglandin
analogues and/or b-blockers.

The frequency of antiglaucoma medication use (drops per
day) and the mean OSDI score at baseline are presented in
Table 3.

Results showed that the OSDI scores had significantly
(P < 0.0001) improved in both groups at D28, compared to
baseline values (Fig. 1). The OSDI scores at baseline were
31.47 – 11.11 and 31.50 – 13.60 in the HPMC/dextran and
SH groups, respectively. At D28, they were 15.76 – 7.75 and
11.14 – 7.31 in the HPMC/dextran and SH groups, respec-
tively. The SH group showed a statistically significant
(P = 0.012) improvement in OSDI scores, compared to the
HPMC/dextran group, at D28. A significant improvement
(P = 0.024) was already observed at D7 in the SH group,
compared to the HPMC/dextran group.

Regarding the signs, FBUT was statistically (P < 0.0001)
improved in both groups at D28 (5.57 – 1.59 and 6.99 – 2.17

Table 1. Demographic Data and Baseline

Characteristics

Characteristics
HPMC/dextran

(Group A) (n = 35)
SH (Group B)

(n = 35)

Gender
Male, n (%) 10 (28.6) 13 (37.1)
Female, n (%) 25 (71.4) 22 (62.9)

Signs
Lid margin inflammation severity, n (%)

No injection 4 (11.4) 6 (17.1)
Mild

inflammation
28 (80.0) 23 (65.8)

Moderate
inflammation,
telangiectasia

3 (8.6) 6 (17.1)

Severe
inflammation,
marked
telangiectasia

0 0

Meibomian gland secretion, n (%)
Clear fluid 8 (22.9) 8 (22.9)
Cloudy fluid 22 (62.9) 25 (71.4)
Cloudy/particulate

fluid
4 (11.4) 2 (5.7)

Inspissated/
toothpaste-like

1 (2.9) 0

Expressibility of meibomian gland n (%)
Well express 8 (22.9) 12 (34.3)
2/3 expressibility 20 (57.1) 14 (40.0)
1/3–2/3

expressibility
7 (20.0) 8 (22.9)

< 1/3 expressibility 0 1 (2.9)
Bulbar conjunctival injection n (%)

No injection 5 (14.3) 8 (22.9)
Mild injection 26 (74.3) 23 (65.7)
Moderate

injection
4 (11.4) 4 (11.4)

Follicle n (%)
None 15 (42.9) 15 (42.9)
Presence 20 (57.1) 20 (57.1)

Corneal fluorescein
score (mean – SD)

5.86 – 3.33 6.37 – 4.27

Corneal Rose
Bengal score
(mean – SD)

0.37 – 0.69 0.37 – 0.84

Fluorescein tear
breakup time, s

(mean – SD)

3.83 – 1.54 4.65 – 1.85

Schirmer’s I test, mm
(mean – SD)

6.60 – 2.55 6.46 – 2.56

Symptoms
OSDI [mean – SD] 31.47 – 11.11 31.50 – 13.60

HPMC/Dextran, hydroxypropyl methylcellulose/dextran; OSDI,
ocular surface disease index; SD, standard deviation; SH, sodium
hyaluronate.

Table 2. Antiglaucoma Medications

Before Inclusion

Antiglaucoma medications No. of eyes (%)

b-blockers 48 (68.6)
Prostaglandin analogs 43 (61.4)
a-agonists 31 (44.3)
Topical CAIs 8 (11.4)
Fixed-combinations 9 (12.9)

CAIs, carbonic anhydrase inhibitors.

Table 3. Relationship Between Frequency

of Antiglaucoma Eye Drops Administration

and Mean OSDI Score at Baseline

No. of drops/day
No. of

patients (%)
Mean OSDI

baseline

1–2 23 (32.9) 29.3
3–4 28 (40.0) 31.4
5–7 19 (27.1) 34.2
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in the HPMC/dextran and SH groups, respectively), com-
pared to baseline (3.83 – 1.54 and 4.65 – 1.85 in the HPMC/
dextran and SH groups, respectively). The Figure 2 evi-
dences clearly that the SH induced a greater improvement in
FBUT, than the HPMC/dextran, and that this difference is
statistically significant (P = 0.036).

The SH group showed also a greater improvement in the tear
amount than HPMC/dextran, at D28 (Fig. 3) with statistically
significant (P < 0.05), which at baseline Schirmer test was
6.60 – 2.55 and 6.46 – 2.56 for the HPMC/dextran and SH
groups, respectively and at D28, 7.40 – 2.41 and 8.10 – 2.81 for
the HPMC/dextran and SH groups, respectively.

Lid skin and lid margin inflammation, as long as conjunc-
tival injection showed significant improvements (P = 0.011
and P = 0.016, respectively) at D28, compared to baseline
levels. For these parameters, the SH group showed an earlier
and significant (P < 0.05) improvement at D7, compared to
baseline (Fig. 4).

FIG. 1. Mean ocular surface disease index (OSDI) scores
(–SD) at baseline, D7 and D28 in both groups. The symbols #
and * represent a statistically significant (P < 0.05) difference
versus baseline and between groups, respectively. SD, stan-
dard deviation.

FIG. 2. Mean fluorescein tear breakup time (FBUT)
(–SD) at baseline, D7 and D28 in both groups. The symbols
# and * represent a statistically significant (P < 0.05) dif-
ference versus baseline and between groups, respectively.

FIG. 3. Mean Schirmer’s test value (–SD) at baseline and
D28 in both groups. The symbols # and * represent a sta-
tistically significant (P < 0.05) difference versus baseline
and between groups, respectively.

FIG. 4. Mean lid margin inflammation and conjunctival
injection scores (–SD) at baseline, D7 and D28 in both
groups. The symbols # and * represent a statistically sig-
nificant (P < 0.005) difference versus baseline and between
groups, respectively.
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There were no statistically significant differences between
groups at D28, compared to baseline for meibomian gland
secretion and expressibility, conjunctival follicle, and in-
terpalpebral staining score. However, all of these parame-
ters, except meibomian gland secretion, showed statistically
significant improvements at D28 in each group compared to
baseline values.

Subgroup analysis of the patients using monotherapy
antiglaucoma medication (22 patients) revealed that the
mean OSDI score (31.1 – 8.1) was significantly higher in
beta-blocker group (13 patients) compared with prosta-
glandin group (23.9 – 7.1, P = 0.045, paired t-test) while
other parameters were no different. However, due to the
small sample size, subgroup analysis to assess the relative
effectiveness of different artificial tears in the treatment of
toxic medicamentosa from different antiglaucoma medica-
tions could not be performed.

No serious adverse events occurred in any group during
the study.

Discussion

The goal of glaucoma treatment is the prevention of blind-
ness from glaucomatous optic nerve damage and thus anti-
glaucoma medications are mandatory treatments. However,
these medications can cause adverse effects, such as ocular
irritation and discomfort, lid and conjunctival redness and fi-
brosis, abnormal ocular surface dye staining, and punctate
epitheliopathy or persistent epithelial defect,8,19,20 resulting in
ocular surface diseases and poor compliance. Previous stud-
ies3,4,7,19,20 suggest that ocular surface toxicity as a result of
glaucoma treatment is mainly due to preservatives contained in
the antiglaucoma medications. Preservatives, especially BAK,
decrease goblet cells,19,21 reduce tear secretion, and lower
Schirmer test.9,19,22 Additionally, it interferes with tear film
stability, increases tear evaporation, and shortens tear film
breakup time with disturbances of the tear film lipid lay-
er.9,11,19,22,23 These toxicities are from mechanisms of deter-
gent effects leading to cellular apoptosis, oxidative stress,24

epithelial cell dysfunction, and inhibition of cell prolifera-
tion.24–26 Taken together, these effects can cause abnormal
ocular surface inflammation and impaired corneal wound
healing.6,27,28

In concordance with previous reports,8,19,20,29 the present
study evidenced the relationship between the symptoms of a
damaged ocular surface and the frequency of antiglaucoma
eye drops administration (Table 3).

From this study, both preservative-free artificial tears (SH
and HPMC/dextran) could improve the signs and symptoms
of ocular surface disease in glaucoma patients within 1
month. The use of preservative-free artificial tears, concom-
itantly with antiglaucoma drugs, allowed counteracting their
side effects onto the ocular surface. The study demonstrated
that SH could improve ocular surface to a larger extent than
HPMC/dextran, the following parameters: OSDI score,
FBUT, conjunctival and lid inflammation as long as tear
amount after 1 month of treatment with statistically signifi-
cant difference (P < 0.05). The viscoelasticity property of SH
is probably its main asset to protect ocular surface damage.30

SH has also mucomimetic and mucoadhesive effects, which
stabilized the precorneal tear film, and thus prolonged the
residence time.31,32 Clinical studies comparing tear film sta-
bility in SH versus HPMC/dextran, supporting these results,

demonstrated a significant improvement in SH than the
HPMC group.10,33 Moreover, several studies reported that SH
is able to promote epithelial migration,12 therefore, reducing
punctate epitheliopathy.11,34 An in vitro study highlighted the
positive effect of SH on oxidative stress, apoptosis, and ne-
crosis of conjunctival and corneal epithelial cell line induced
by BAK.15 Additionally, SH, in this study, is a hypotonic
preservative-free artificial tear (150 mOsm/kg), which benefits
the hyperosmolarity state of dry eye.35,36 This might explain
the significantly improved result different from the previous
study of Monaco et al.,37 which failed to demonstrate the ad-
vantage of using 0.2% isotonic (300 mOsm/kg) SH to treat
ocular surface damage from glaucoma medications. However,
in the Monaco study, carboxymethylcellulose with osmopro-
tection improved both OSDI and lissamine green staining score
in patients having ocular surface disease (OSD) from glaucoma
medications.

In serious cases such as severe lid edema, persistent epi-
thelial defect, or severe keratitis, which were not included in
this study, artificial tear supplement only may not be ade-
quate. The treatment may require other modalities such as
discontinue or change the medications, avoid toxic preser-
vative such as BAK as demonstrated by Konstas,38 use non-
preservative drugs, add some more potent therapy such as
nonpreservative steroid to reduce the inflammation, biologi-
cal substance such as autologous serum which has growth
factor39 to promote corneal integrity, or even switch to sur-
gical treatment.

Different types of antiglaucoma medications may affect
OSD differently. In this study, patients in beta-blocker
monotherapy group had significantly more symptoms than
prostaglandin group before the treatment. This finding was
consistent with the Monaco study.37 However, OSDI score
could be improved in both groups by artificial tears as previ-
ously mentioned.

The present randomized and controlled trial demonstrates
the benefit of preservative-free artificial tears in a glaucoma
patient, to reduce the ocular surface toxicity from glaucoma
medication. However, the weakness of this study is the
limitation in the number of patients. A larger or multicenter
study may confirm the result.

In conclusion, ocular surface collateral damage or
preservatives contained in antiglaucoma drugs are now
well recognized. This study establishes that the concom-
itant use of preservative-free artificial tears, especially
SH, may be helpful to relieve the patient’s discomfort and
improve the ocular surface health and could promote a
reasonable compliance of the patient to antiglaucoma
treatment.
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