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Abstract

Purpose To evaluate the safety of two
commercially available formulations of
bimatoprost eye drops: 0.03 and 0.01%
ophthalmic solutions.

Methods This was a randomized,
prospective, parallel-group, open-label, cohort
study. A total of 60 glaucoma patients (60
eyes) under bimatoprost 0.03% monotherapy
since at least 1 year were enrolled. Selected
patients were randomized to receive a single
drop of bimatoprost 0.01% (n=30) or
bimatoprost 0.03% (n=30) ophthalmic
solutions for 12 months. Statistical analysis
was performed using paired t-test and
repeated measures ANOVA test.

Results Global clinical score (the sum of
pruritus, stinging/burning, blurred vision,
sticky eye sensation, eye dryness sensation,
and foreign body sensation) significantly
decreased in the bimatoprost 0.01% group
from baseline 4.7 £ 3.8 to 2.9 £ 2.3 (P<0.001)
and 2.512.0 (P<0.001) at 6-month and
12-month follow-ups, respectively.
Comparison between groups showed
differences at both follow-up visits
(P=0.003 and P<0.001, respectively). In vivo
confocal microscopy revealed a significant
increase in goblet cell density in the
bimatoprost 0.01% group compared with the
bimatoprost 0.03% group (P <0.001 at both
follow-up visits). All functional parameters
and conjunctival hyperemia improved in the
bimatoprost 0.01% group at each follow-up
visit (P<0.05) and in comparison with
bimatoprost 0.03% (P <0.05).

Conclusion The results of this trial suggest
that bimatoprost 0.01% eye drops seem to
decrease the ocular discomfort with respect
to bimatoprost 0.03% eye drops.
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Introduction

Glaucoma, a leading cause of irreversible visual
loss with 60 million people worldwide being
affected,!”? is a progressive optic neuropathy
characterized by degeneration of retinal
ganglion cells and loss of the retinal nerve fiber
layer associated with visual field loss.>* Several
risk factors for progression of visual field loss
have been identified, including abnormal
baseline anticardiolipin antibody levels, older
age, raised intraocular pressure (IOP), and
female sex.> Nevertheless, the only modifiable
risk factor for the glaucoma progression is
currently IOP. Therefore, the therapeutic goal
for the prevention of visual field loss is the
lowering of IOP7

Over the past 15 years, the introduction of
prostaglandin analogs changed the
pharmacological management of glaucoma.
Prostaglandin analogs, including latanoprost,
bimatoprost, travoprost, and more recently
tafluprost, administered once per day, are


http://dx.doi.org/10.1038/eye.2013.304
mailto:stefano_lazzeri@hotmail.it
mailto:stefano_lazzeri@hotmail.it
http://www.nature.com/eye

currently the most effective topical medications available
for reducing IOP® and recommended by European
Glaucoma Society (2008) as the first-line treatment of
glaucoma.’

Bimatoprost is an ethyl amide pro-drug derivative of
the potent but not selective FP prostaglandin receptor
agonist: 17-phenyl-trinor PGF,,.!%!! Bimatoprost 0.03%
ophthalmic solution (Lumigan; Allergan, Inc., Irvine, CA,
USA) was introduced into ophthalmic practice in 2001.1% It
has been demonstrated to be safe and effective in lowering
IOP by 6.5-8.9 mm Hg over the long term in glaucoma and
ocular hypertension (OHT).!3"'7 However, bimatoprost
0.03% eye drop is burdened with some side effects.
Conjunctival congestion, which is believed to result
from nitric oxide-mediated vasodilatation in the
Conjunc’civa,l&19 is the most frequent adverse effect,
accounting for discontinuation of therapy in about 3% of
patients.?’ Also, increased ocular discomfort is typically
associated with long-term use of prostaglandin analogs.?!

A new formulation of bimatoprost with a lower
concentration of the drug (0.01%; Lumigan, Allergan, Inc.)
has been developed. The goal was to maintain the IOP-
lowering efficacy achieved with 0.03% formulation while
reducing the overall safety profile, particularly in
improving ocular surface tolerability. Compared with the
original formulation (0.005%), the new formulation has a
4-fold increase in the amount of benzalkonium chloride
(BAK) (0.020%).2? Therefore, the strategy was to reduce
the concentration of the drug and increase the
concentration of BAK, a quaternary ammonium salt
with a high power germicidal and disinfectant, that
can increase the corneal penetration?® and intraocular
bioavailability of topically applied medications. This
characteristic can be explained by a loss of tight junctions
in the corneal epithelium, favoring corneal penetration.?*
However, the presence of BAK in ophthalmic solutions
may also cause ocular toxicity, as demonstrated by
numerous in vitro and in vivo studies.Z>28 Thus, the
higher BAK concentration of the new bimatoprost
formulation may have implications for drug safety and
tolerability.

Kats et al'? have recently demonstrated that
bimatoprost 0.01% is equivalent to bimatoprost 0.03% in
lowering IOP throughout 12 months of treatment with
less associated incidence of side effects such as
conjuctival hyperemia. However, clinical symptoms and
in vivo confocal microscopy (IVCM) findings have not
been investigated.

The present study aimed to evaluate the safety of the
new bimatoprost 0.01% formulation, comparing
subjective ocular symptoms and clinical and IVCM
features in glaucoma patients treated with bimatoprost
0.03% since at least 1 year and randomized to receive
bimatoprost 0.01% or bimatoprost 0.03% throughout a
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12-month follow-up period. The Glaucoma Unit in Pisa
University is a ‘second step access’, as most patients are
already under local therapy; so, for us it was more useful
to investigate patients already under prostaglandin
analog eye drop treatment. In fact, this clinical trial aims
to understand whether switching from bimatoprost
0.03% to bimatoprost 0.01% is effective and beneficial to
these patients, as they account for the majority of cases in
our Glaucoma Unit.

Material and methods
Statement of ethics and subjects

Data from a prospective clinical study were analyzed.
All the patients were examined at The Glaucoma Unit of
Pisa University (Italy), from March 2011 to September
2012. The tenets of the Code of Ethics of the World
Medical Association (Declaration of Helsinki) for
experiments involving humans were followed, and the
Pisa University Hospital medical ethics committee
approved the study. All patients signed an informed
consent form after explanation of the nature and the
possible consequences of the study. Industry
involvement was absent in the design, conduct, and
analysis of the study.

Patients, clinical examination, and treatment

This was a randomized, prospective, parallel-group,
open-label clinical study evaluating clinical symptoms
and signs, anterior segment photography, and IVCM
features.

Subjects enrolled in this clinical study were 60
(60 eyes) consecutive open angle glaucoma (POAG),
pseudoexfoliation glaucoma, and pigmentary glaucoma
in monotherapy with bimatoprost 0.03% eye drops since
at least 1 year.

Patient eligibility was evaluated at a screening visit
and confirmed at a baseline few days later. Each patient
underwent a complete ophthalmological assessment
including best corrected visual acuity (BCVA),
applanation tonometry, anterior segment slit-lamp
evaluation and photography, break-up time (BUT),
Schirmer’s test, meniscus tear measurement, funduscopy,
digital confocal laser-scanning microscope (LSM) (HRT
III Rostock Cornea Module; Heidelberg Engineering
GmbH, Heidelberg, Germany), optic nerve disk analysis
(HRT II Rostock Glaucoma Module; Heidelberg
Engineering GmbH) and visual field examination
(Humphrey Field analyzer, model HFA II-750; Zeiss
Humphrey Systems, Dublin, CA, USA), with the
Swedish Interactive Threshold Algorithm (SITA)
Standard 30-2 strategy.
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Follow-up visits were scheduled at 6 and 12 months
after enrollment and all the examinations were repeated
at each visit.

Moreover, during the follow-up period, IOP
measurements were performed not only at 6 and
12 months, but also when required by the glaucoma
specialist, to ensure a correct IOP control and proper
adherence to the therapy.

Enrolled patients were randomized at a 1:1 ratio for
monotherapy with either bimatoprost 0.01% ophthalmic
solution or bimatoprost 0.03% ophthalmic solution (once-
daily, between 2000 and 2100h) for 1 year. The
randomization sequence was computer generated.

The primary goal was to analyze and compare changes
in global clinical score (pruritus, stinging/burning,
blurred vision, sticky eye sensation, eye dryness
sensation, and foreign body sensation) between the two
treatment cohorts.

The secondary goal was to report changes in functional
parameters (Schirmer’s test, BUT, and meniscus tear),
anterior segment photography (conjunctival hyperemia),
and IVCM findings (corneal epithelium and endothelium
cells, goblet cells and conjunctival epithelium) between
the two treatment cohorts.

Inclusion criteria were topical monotherapy with
bimatoprost 0.03% ophthalmic solution since at
least 1 year, perimetric POAG, pseudoexfoliation, and
pigmentary glaucoma, age >18 years and willingness
to return in the 12 months following enrollment for
scheduled visits.

Exclusion criteria were known allergy or sensitivity to
the study medication or its components, previous other
glaucoma topical therapies, contact lens wear, previous
or current use of any other ocular medication, including
artificial tear therapy, previous intraocular surgery
(except cataract surgery at least 180 days before
inclusion), IOP >21mm Hg or visual field loss
progression requiring other therapies, angle closure
glaucoma, neovascular glaucoma, uveitic glaucoma,
active clinical ocular infection requiring treatment and
significant co-morbid diseases that could interfere with
the interpretation of the study data, history of recurrent
seasonal allergies within the past 2 years, history of
severe ocular trauma or refractive surgery at any
time, and uncontrolled systemic inflammatory
disease.

Clinical assessment parameters

Global clinical score ranged from 0 (absence of
symptoms) to 18 (maximum severity of symptoms)
corresponding to the sum of individual parameters that
were scored on a four-grade scale of none (0), mild (1),
moderate (2), and severe (3).
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Conjunctival hyperemia was scored using a
standardized photographic scale derived from
McMonnies grading (1-6).

In vivo confocal microscopy

We investigated the microscopic epithelial features of
the superior bulbar conjunctiva and the microscopic
epithelial and endothelial features of the central cornea.

IVCM analysis was performed by a single operator
(LM) who selected and evaluated six images (from ~40
images), and the results were averaged by a second
IVCM operator (SL).

Sequential images 400 x 400 mm in size derived from
manual frames were acquired at the superficial layer of
the superior bulbar conjunctival epithelium (0-10 mm),
2mm from the limbus in downward gaze.

All images with goblet cells identifiable were selected
and encoded randomly. Three images were selected to
count the number of goblet cells (Cell Count Software,
Heidelberg Engineering GmbH, integrated in HRT3 device)
in manual mode and to calculate the average goblet cell
density (GCD). The conjunctival epithelium cellularity was
also calculated in the same manner, and the results were
expressed as cells per square millimeter (cells/mm?).

The center of the cornea was studied in all
examinations and two complete confocal analyses of
the entire central cornea were performed for each eye.

Statistical analysis

Statistical analysis was performed using the GraphPad
Prism software package, version 5.0 (GraphPad Software
Inc., San Diego, CA, USA). Paired t-test and repeated
measures ANOVA test were used to calculate changes in
global clinical score, conjunctival hyperemia score, and
IVCM features during the 12-month follow-up within
cohorts and between groups. The level of significance
was set at P<0.05.

Sample size

Formal sample size was calculated to assess the change
in global clinical score (which was the primary outcome
of our study) between the pre- and post-interventional
periods, and between groups, if one existed. Treatment
difference for the primary criterion was estimated with a
two-sided 95% CI and a 5% non-inferiority margin.
We assumed a change of 10% of the maximum possible
score (18 points) as clinically relevant, and we therefore
estimated A (the difference between post- and
pre-interventional global clinical score) at 1.8 +3.0.
Using «=0.05 and =0.90, the sample size would
enumerate 30 patients per group.



Results

Seventy-five glaucoma patients in monotherapy with
bimatoprost 0.03% were pre-enrolled. Fifteen patients
were excluded: six due to previously glaucoma surgery,
four because of other topical glaucoma medications used
before starting with bimatoprost 0.03% eye drop, three
were contact lens wearers and two for concomitant
allergic conjunctivitis.

A total of 60 patients (60 eyes) were included in
the study. No differences between groups were seen
for gender, age, laterality, and lens status (P> 0.05).

Ninety-three percent of patients were diagnosed with
glaucoma in both eyes: only one randomized eye was
included in the statistical analysis. All the enrolled
patients followed the study protocol and no
discontinuations were detected.

There were no differences in baseline clinical
characteristics and IVMC features between treatment
groups (P>0.05) (Table 1).

Global clinical score significantly improved in the
bimatoprost 0.01% group at both follow-up visits
(P<0.001) and a statistically significant difference
between groups was reported (P <0.001) (Figure 1).
Interestingly, the most significant improvements were
in stinging/burning (P <0.001), foreign body sensation
(P<0.001), and eye dryness sensation (P =0.006).
Scores of each symptom are reported in Table 2.

Conjunctival hyperemia was less frequent and severe
in the bimatoprost 0.01% group at both 6- and 12-month
follow-up visits (P=0.011 and P <0.001, respectively)
(Figure 2). Importantly, the percentage of moderate to
severe hyperemia significantly decreased over time
in the bimatoprost 0.01% group (Figure 2).

Meniscus tear, Schirmer’s test, and BUT reported an
increase in baseline values in the bimatoprost 0.01%
group (P <0.05), with significant differences
between groups at each follow-up point (P<0.05).

IVCM showed a statistically significant improvement
in GCD in the bimatoprost 0.01% group: GCD increased
from baseline 351.8 + 192.3 to 425.6 + 178.5 cells/ mm?

Table 1 Baseline characteristics
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(P<0.0001; mean difference = 73.8 cells/mm?) and

to 428.5 171 cells/mm? (P <0.0001; mean

difference =76.7 cells/mm?) at 6- and 12-month
follow-ups, respectively (Figure 3). Differences between
groups were statistically significant at each follow-up
time point (P<0.001) (Figure 3).

No changes were reported for the other IVCM
parameters (P>0.05).

Also, mean IOP and BCVA did not change significantly
in either group or between groups at each follow-up
(P>0.05).

Visual field parameters (MD, PSD, and VFI) were
relatively stable in both groups (P> 0.05).

HRT III Glaucoma Module showed a relatively stable
Cup Disk ratio in both groups and no differences
between groups were detected (P> 0.05).

No patients needed to change the therapy in the
follow-up time because of uncompensated IOP, and no
corneal toxicity, such as corneal erosions or punctate
keratitis, has been revealed in either group.

Discussion

The problem of potentially toxic glaucoma treatments is
receiving much more attention owing to the increased
number of patients in the world. The lifespan of
treatments requires not only good efficacy, but also

Global Clinical Score
70 P=0.007
i

6.0 P=0.024
—&—Bimatoprost (0.03%)

50 a7 ~#—Bimatoprost (0.01%)

4.0 44 P=0.001

30

20 l—Y—}

L P <0.001

10 I
P <0.001

0.0

Baseline 6 months 12 months

Figure 1 Global clinical score.

Bimatoprost 0.03% Bimatoprost 0.01% P-value
Global clinical score (1 +SD) 44132 47138 0.911
Conjunctival hyperemia (1 + SD) 19+1.6 21+19 0.709
Meniscus tear (1 £SD) 0.2£0.0 0.2£0.0 0.905
Schirmer’s test (s + SD) 10.1£5.0 9.8+55 0.593
Break-up time (s £SD) 9.8+4.7 93153 0.593
Corneal epithelium density (17 £ SD) 7430.8 £2155.0 7775.9 £2621.9 0.469
Corneal endothelium density (1 + SD) 2917.0£956.1 2913.9£979.2 0.976
Conjunctival epithelium density (1 +SD) 4266.8 +1656.0 4357.9£1618 0.813
Goblet cell density (1 +SD) 353.9+179.6 351.8£192.3 0.894
IOP (mm Hg £ SD) 14.30£2.00 14.13 +1.68 0.687
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Table 2 Symptoms score

Scale Bimatoprost Bimatoprost P-value Bimatoprost Bimatoprost P-value Bimatoprost Bimatoprost P-value
0.03% 0.01% 0.03% 0.01% 0.03% 0.01%
baseline baseline 6-month 6-month 12-month 12-month
follow-up follow-up follow-up follow-up
Count % Count % Count % Count % Count % Count %

Pruritus 0 19 63.3 16 53.3 0.517 17 56.6 17 56.7 0.338 17 56.6 18 60.0 0.355

1 9 30.0 13 43.3 11 36.7 13 43.3 11 36.7 12 40.0

2 2 6.7 1 34 2 6.7 0 0.0 2 6.7 0 0.0

3 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
Stinging/Burning 0 6 20.0 8 26.7 0.911 4 133 10 33.3 0.003 3 10.0 10 333  <0.001

1 9 30.0 7 23.3 10 33.3 17 56.7 9 30.0 19 63.4

2 9 30.0 9 30.0 11 36.7 3 10.0 13 43.3 1 3.3

3 6 20.0 6 20.0 5 16.7 0 0.0 5 16.7 0 0.0
Blurred vision 0 20 66.7 18 60.0 0.592 18 60.0 18 60.0 0.593 17 56.7 19 63.3 0.561

1 10 333 12 40.0 11 36.7 12 40.0 12 40.0 11 36.7

2 0 0.0 0 0.0 1 3.3 0 0.0 1 3.3 0 0.0

3 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
Sticky eye sensation 0 20 66.7 17 56.7 0.373 18 60.0 19 63.3 0.598 16 53.3 22 733 0.208

1 9 30.0 13 43.3 11 36.7 11 36.7 13 43.3 8 26.7

2 1 3.3 0 0.0 1 3.3 0 0.0 1 3.3 0 0.0

3 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
Eye dryness 0 13 433 13 43.4 0.773 10 33.3 17 56.7 0.031 8 26.7 20 66.7 0.006
sensation

1 12 40.0 10 33.3 15 50.0 13 43.3 16 53.3 10 33.3

2 5 16.7 7 23.3 5 16.7 0 0.0 5 16.7 0 0.0

3 0 0.0 0 0.0 0 0.0 0 0.0 1 3.3 0 0.0
Foreign body 0 9 30.0 7 23.3 0.878 5 16.7 17 56.7 0.001 4 13.3 17 56.7 <0.001
sensation

1 12 40.0 14 46.7 13 43.3 12 40.0 14 46.7 13 43.3

2 7 23.3 6 20.0 11 36.7 1 3.3 11 36.7 0 0.0

3 2 6.7 3 10.0 1 3.3 0 0.0 1 3.3 0 0.0

safety, good tolerability, and optimal compliance for
patients.

Previous clinical trials have demonstrated that
bimatoprost 0.03% ophthalmic solution is safe and
effective in lowering IOP.!3-17 Nevertheless, side effects
can result in patient discontinuation from treatment or
additional office visits.2’ Therefore, comparing clinical
signs and symptoms and IVCM findings between two
similar glaucoma groups in monotherapy with one of the
commercially available bimatoprost formulations (0.03 or
0.01%) may give important information regarding the
role of the drug and BAK for the safety of antiglaucoma
eye drop chronic instillation.

Both bimatoprost formulations have been well
tolerated by patients because no discontinuations have
been detected, although the strict inclusion criteria (only
glaucoma patients in monotherapy with bimatoprost
0.03% since at least 1 year) might have affected this
outcome. Indeed, the inclusion of patients who tolerated
the treatment during the period of at least 1 year could
have influenced the good general tolerability observed to
the tested drug, despite BAK or drug concentration
changes.

Moreover, the exclusion of patient with concomitant
ocular surface disease or current use of artificial therapy
could mean that the present study investigated the safety
of bimatoprost and BAK only in the glaucomatous eyes
with relatively ‘healthy ocular surface’ compared with
the average glaucoma patient being treated. However,
the authors have considered it appropriate to select these
patients because the non-homogeneous use of different
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artificial tears or the presence of ocular surface diseases
at different stages could have significantly affected the
results of the study.

In addition, given that the intervals between follow-
ups are rather long, it is likely that some of the patients
may not adhered to the medication during the follow-up
period. This is an important issue because possible poor
compliance may erroneously show improvement in an
adverse outcome profile. A practical way to completely
overcome this problem does not exist. However, to limit
this possible source of bias, we also evaluated the
glaucoma progression analysis, which was similar
between groups at each follow-up (P> 0.05).

Finally, a weakness of this study is represented by its
open-label design and this aspect could theoretically
affect the subjective score of the symptoms. However, the
fact that our results closely parallel to those of an
important double-masked clinical trial'? suggests that
this may have not greatly impacted the results.

Despite these biases, our results suggest a better local
tolerance of bimatoprost 0.01% compared with 0.03%
formulation, with less subjective symptoms (especially
stinging /burning, foreign body sensation, and eye
dryness sensation) and conjunctival hyperemia.

This conclusion may be supported by evidence of an
increase in GCD in the bimatoprost 0.01% group reported
by IVCM. Goblet cells of the conjunctiva are terminally
differentiated cells secreting mucins and antibacterial
peptides that have an important role in maintaining the
health of the cornea.®® The absence or even reduction of
mucus in the tear, because of reduced conjunctival GCD,
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Figure 2 Conjunctival hyperemia at (a) baseline, (b) 6-months
follow up and (c) 12-months follow up.

Goblet cells density

200 P <0.001
K
600 f P <0.001 | = Bimatoprost (0.03%)
=—#= Bimatoprost (0.01%)
500 26 428
400 352 " F P <0.001 }- P <0.001
300 354 355 361
200 P=0.743 ,
L
Y
100 P=0.128
0
Baseline 6 months 12 months

Figure 3 Goblet cell density.

compromises the proper dispersion of pre-corneal tear
film, leading to keratoconjunctivitis sicca.3!,3?

Conjunctival GCD in healthy subjects ranges from 380
to 430 cells/mm?233-3% In our patient groups, baseline
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GCD was under the value of healthy subjects (about
350 cells/mm? in both groups) because of at least 1 year
of bimatoprost 0.03% instillation. After shifting the
therapy to 0.01% eye drop formulation, GCD returned
within the healthy subjects values (425.5+178.5 and
428.5 + 171 cells/mm? at 6- and 12-month follow-ups,
respectively). Restoring a normal value of the GCD may
explain the improvement in functional parameters

and symptoms.

Strangely, in the bimatoprost 0.03% group, GCD
remains relatively stable, without further reduction
despite continued therapy. Trend analysis of GCD in
these patients before the enrollment is not known
because in The Glaucoma Unit of Pisa University IVCM
of the conjunctiva is not a standard procedure for the
management of glaucoma patients. However, to explain
the lack of further loss of goblet cells in the bimatoprost
0.03% group, the authors hypothesize that the reduction
in GCD can occurred in the first period of bimatoprost
0.03% therapy (before the enrollment), reaching a
steady state that is less influenced by the duration of the
therapy.

BAK and ophthalmic solutions containing BAK may be
responsible for toxic effects on cultured cells®*3” and
for damage to the ocular surface in the rabbit model
system,38410 but recent well-controlled phase III clinical
studies have not demonstrated injurious effects of
BAK in study populations of patients with glaucoma
or OHT.41=#3 In particular, Hamacher et al*! in a
pharmacodynamics analysis did not find statistically
significant differences between BAK-free and BAK-
containing formulations in the incidence of ocular
adverse events comparing preservative-free tafluprost
with tafluprost containing 0.01% BAK. Also, in the work
of Gross et al*?, travoprost BAK free and travoprost
preserved with BAK showed no differences in the safety
and Lewis et al*® have demonstrated no differences in the
incidence of side ocular effects, comparing travoprost
0.004% containing 0.015% BAK with travoprost 0.004%
BAK free.

Bimatoprost 0.01% contains the same 0.02%
concentration of BAK as latanoprost 0.005%, which has
been used safely in glaucoma treatment for many
years.*#4> Indeed, in a work of Townley et al*®, symptoms
of ocular discomfort were significantly lower in eyes
treated with latanoprost 0.005% preserved with 0.02%
BAK than in eyes treated with travoprost preserved with
a different preservative.

Kats et al'? reported that the severity of conjunctival
hyperemia was decreased in the bimatoprost 0.01%
group compared with the bimatoprost 0.03% group.
Our results agree with those of Kats, showing a
significant reduction in the severity of conjuctival
hyperemia in the bimatoprost 0.01% group.
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In conclusion, the results of this randomized,
prospective, parallel-group, open-label, cohort study
suggest that the concentration of the BAK seems to be
less influential than active drug concentration in the
tolerability of chronic therapy with bimatoprost eye
drop.

The development of an alternative formulation with
higher concentration of BAK and lower of active drug
might prove to be beneficial also for patients having
concomitant ocular surface disease and for those with
sensitivity to this drug. Further studies aimed at
confirming the tolerability of this new bimatoprost
formulation in patients with ocular surface disease are
needed.

Summary

What was known before
® BAK in ophthalmic solutions may cause ocular toxicity,
as demonstrated by numerous in vitro and in vivo studies.
® Bimatoprost 0.01% is equivalent to bimatoprost 0.03% in
lowering IOP throughout 12 months of treatment with
less associated incidence of side effects such as conjuctival
hyperemia.

What this study adds
® The concentration of the benzalkonium chloride seems
to be less influential than active drug concentration in
the tolerability of chronic therapy with bimatoprost eye
drop.
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