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P0.0001). No change was observed in the mean deviation and pattern SD values of the Humphrey visual field before and 3 years after treatment. Worsening of visual field performance was
observed in one patient (3.0%) by using trend analysis and in four patients (12.1%) by using event
analysis. Treatment was discontinued in 17 patients (27.4%) because of adverse reactions.
Conclusion: Bimatoprost 0.03% single treatment was effective in reducing the IOP at least
during the 3 years of treatment, but visual field performance worsened by 3.0%–12.1% in
patients with normal-tension glaucoma.
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Glaucoma is a disease with chronic progression of visual field defects because of the
loss of retinal ganglion cells. The final goal of glaucoma treatment is to control the
progression of visual field defects. Previous studies indicate that control of visual field
defects is associated with a decrease in intraocular pressure (IOP).1,2 Epidemiological
studies performed in Japan have indicated that the prevalence of glaucoma is 5% in
individuals older than 40 years, and many patients have normal-tension glaucoma.3
Typically, a decrease in the IOP is achieved by administration of single-drug eye
drops. Glaucoma eye drops prepared from different drugs decrease the IOP via different mechanisms. Typically, eye drops that have a high efficacy of decreasing the IOP,
that do not exert systemic adverse reactions, and are required to be administered only
once a day are selected; prostaglandin eye drops satisfy the above criteria, and thus
they are the treatment of choice. Prostaglandin analogs include latanoprost, travoprost,
tafluprost, and bimatoprost. A meta-analysis of the efficacy of prostaglandin analogs
in decreasing the IOP showed that bimatoprost eye drops had the highest efficacy
rate.4 There are many patients with normal-tension glaucoma in Japan; thus, many
studies have reported the efficacy of bimatoprost eye drops in these patients. However,
these previous studies had a short follow-up period of 1 month,5 8 weeks,6 3 months
(12 weeks),7–9 6 months,10 and 52 weeks.11 Moreover, long-term administration is
required to evaluate visual field preservation. To date, no studies have described
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Purpose: To evaluate the effects of bimatoprost 0.03% single treatment for 3 years on intraocular
pressure (IOP) and visual field performance.
Methods: We monitored the IOP of 62 patients with normal-tension glaucoma every
1–3 months. The Humphrey visual field test was performed every 6 months after treatment and
the results obtained were compared to those before treatment. In addition, visual field performance was evaluated using trend and event analysis.
Results: The mean ± standard deviation (SD) of IOP after treatment with bimatoprost for
3 years (13.6±3.1 mmHg) was significantly lower than that before treatment (16.8±2.4 mmHg,
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visual field preservation in normal-tension glaucoma after
administration of bimatoprost eye drops.
In the present study, the change in IOP, progression of
visual field defects, and adverse reactions were prospectively investigated in normal-tension glaucoma patients
who received bimatoprost eye drops for 3 years. Different
methods were used to examine the progression of visual
field defects.

Subjects and methods
The objective of the present study is the efficacy of the drug
in decreasing IOP, maintenance efficacy of the visual field,
and to investigate the safety of long-term administration of
bimatoprost eye drops. Sixty-two eyes of 62 patients with
normal-tension glaucoma (25 men and 37 women) who
started receiving treatment with single agent bimatoprost
0.03% eye drops from December 2009 to October 2010 at
Inouye Eye Hospital were examined. The patients fulfilled
the diagnostic criteria and did not correspond with the
exclusion criteria. Follow-up examinations were performed
for 3 years. The mean age of the patients was 57.4±12.6
years (mean ± standard deviation [SD]; range 25–81 years).
The mean refractive value was -4.6±4.1 D (-20 to 2.25 D).
The criteria for the diagnosis of the condition as normaltension glaucoma were as follows: 1) IOP 21 mmHg
when measured multiple times, diurnal variation included;
2) morphological characteristics such as thinning of the rim
of the optic disk and defects in the retinal nerve fiber layer;
3) abnormal visual field detected by high reliability and
reproducibility corresponding to criteria 1) and 2); 4) ruling out of other eye diseases or congenital abnormalities,
which could be the cause of the abnormal visual field; and 5)
normal open angle as shown by gonioscopy. The exclusion
criteria were: 1) corrected eyesight 0.5; 2) surgery other
than cataract surgery, laser surgery, and requirement of systemic or local treatment with steroids; and 3) abnormality
observed on otolaryngological or neurosurgical examination; the patients were excluded if they met any one of these
criteria. One eye per patient was included; if both eyes met
the inclusion criteria and did not meet the exclusion criteria,
the right eye was selected.
Bimatoprost 0.03% eye drops were administered once a
day at night, and the IOP was measured every 1–3 months by
using a Goldmann applanation tonometer at approximately
the same time of day. IOP was measured 9–20 hours after
administration of bimatoprost. The visual field was examined every 6 months (Humphrey visual field program 30-2
SITA-Standard). Patients with false positive, false negative,
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or poor fixation of 20% or more were excluded from the
analysis. Adverse reactions were investigated at every visit
to the hospital. After informed consent was obtained from
the patients, the purpose and contents of every examination
were sufficiently explained.
IOP before administration and at 3, 6, 9, 12, 15, 18, 21,
24, 27, 30, 33, and 36 months after administration of bimatoprost, were compared using analysis of variance (ANOVA)
and multiple comparison (Bonferroni/Dunn test). The mean
deviation (MD) and pattern SD (PSD) before administration
and at 6, 12, 18, 24, 30, and 36 months after administration
were compared using the Friedman test. The significance
level was P0.05. Evaluation of IOP was performed in
35 patients and analysis of visual field was performed in
33 patients who received bimatoprost eye drops. Moreover,
the progression of visual field defects was judged using trend
analysis12 and event analysis.13
In trend analysis, a change in the MD value was analyzed by linear regression.12 From this, we calculated the
unit of the change in the MD value per year (dB/year)
which was a barometer expressed with statistical significance. In event analysis, the results obtained at the first two
follow-up examinations were used as baseline values; the
results obtained at subsequent examinations were compared to those at the baseline.13 If the value was above a
certain level, then the condition of the patient was judged
to have deteriorated. Glaucoma progression analysis was
used to judge “tendency to progress”. If the same three or
more adjacent points of measurement showed a significant
decrease two consecutive times, the patient was judged to
show a “tendency to progress”. In the present study, the
“tendency to progress” became the point when progression
of visual field defected.

Results
The mean IOP in patients before the administration of
bimatoprost eye drops was 16.7±2.2 mmHg. The IOP was
21 mmHg in three patients; 20 mmHg in five patients;
19 mmHg in four patients; 18 mmHg in six patients; 17 mmHg
in 18 patients; 16 mmHg in ten patients; 15 mmHg in five
patients; 14 mmHg in eight patients; 13 mmHg in one patient;
12 mmHg in one patient; and 11 mmHg in one patient.
Out of 62 cases, 27 cases discontinued; therefore, IOP
analysis was conducted in the remaining 35 cases. The mean
IOP was 12.5±2.1 mmHg after 3 months of administration of
bimatoprost; 13.2±2.1 mmHg after 6 months; 13.2±2.3 mmHg
after 9 months; 12.6±2.2 mmHg after 12 months; 13.4±2.0
mmHg after 15 months; 13.2±2.2 mmHg after 18 months;
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Figure 1 IOP at baseline and after treatment with bimatoprost.
Notes: Mean ± SD; **P0.0001, ANOVA.
Abbreviations: ANOVA, analysis of variance; IOP, intraocular pressure; SD, standard deviation.

13.4±2.4 mmHg after 21 months; 13.6±2.7 mmHg after 24
months; 12.9±2.4 mmHg after 27 months; 12.8±2.6 mmHg
after 30 months; 13.4±2.7 mmHg after 33 months; and
13.6±3.1 mmHg after 36 months (Figure 1). Compared to
the values before administration, those after administration
showed a significant decrease (P0.0001). There was no
significant difference in the IOP decreasing rate at 3, 6, 9, 12,
15, 18, 21, 24, 27, 30, 33, and 36 months after administration
(P=0.0666; Table 1).
The MD value before administration was -4.31±2.96 dB
(-10.23 to -0.06 dB), and the PSD value was 6.36±3.76 dB
Table 1 The rate of IOP decrease after treatment with
bimatoprost
Time (months after treatment)

IOP decrease (%)

3
6
9
12
15
18
21
24
27
30
33
36
P-value

24.9±9.7
20.9±10.7
20.8±12.8
24.3±11.3
19.4±8.8
20.9±12.1
19.8±10.3
18.6±10.3
22.7±10.6
23.6±11.8
19.7±12.3
19.4±11.7
0.0666

Notes: Mean ± SD, ANOVA.
Abbreviations: ANOVA, analysis of variance; IOP, intraocular pressure; SD,
standard deviation.
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(2.02–15.05 dB). There was no significant difference in MD
and PSD when comparing baseline with 6, 12, 18, 24, 30,
and 36 months after administration (Table 2).
Of the 62 patients, 27 discontinued administration and
two were excluded because poor fixation was more than 20%
in the Humphrey visual field test and reliable examination
reports could not be obtained more than five times. Trend
analysis and event analysis were performed in the remaining
33 patients. Visual field defects were judged as “statistically
significant” in one patient (3.0%) in trend analysis and “tendency to progress” in four patients (12.1%) in event analysis.
No patients showed progression of visual field defects in
both trend analysis and event analysis.
Treatment was discontinued in 27 patients (43.5%).
Adverse reactions occurred in 17 patients; the adverse
Table 2 MD and PSD at baseline, 6, 12, 18, 24, 30, and 36 months
after treatment with bimatoprost
Time (months after treatment)

MD (dB)

PSD (dB)

Baseline
6
12
18
24
30
36
P-value

−4.31±2.96
−3.91±3.36
−3.86±3.65
−4.02±3.72
−3.94±3.93
−3.68±3.38
−3.22±3.56
0.0568

6.36±3.76
6.34±4.13
6.25±4.28
6.15±4.31
6.44±4.75
6.28±4.33
5.96±4.00
0.4881

Notes: Mean ± SD, Friedman test.
Abbreviations: MD, mean deviation; PSD, pattern standard deviation; SD, standard
deviation.
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Table 3 Adverse reactions after treatment with bimatoprost
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Adverse reactions Appearance period
Conjunctival
hyperemia
Deepening of upper
eyelid sulcus
Eyelid
pigmentation
Lengthening
of eyelashes
Ophthalmalgia
Itchiness
Blurriness

6 months
1 case
7 months
2 cases
3 months
1 case

30 months
1 case
15 months
1 case
14 months
1 case

30 months
1 case

reactions included conjunctival hyperemia in five patients;
deepening of the upper eyelid sulcus in five patients; eyelid
pigmentation in three patients; lengthening of the eyelashes
in one patient; ophthalmalgia in one patient; itchiness in one
patient; and blurriness in one patient (Table 3). Other patients
in whom treatment was discontinued included six patients
in whom follow-ups were discontinued, three patients with
progression of visual field defects, and one patient in whom
additional eye drops were administered because of an insufficient decrease in the IOP.

Discussion
The rate of decrease in the IOP with bimatoprost reported
previously in normal-tension glaucoma patients was 21.9%5
after 1 month of administration, 15.5%6 after 8 weeks of
administration, 19.9%7 after 12 weeks of administration,
16.0%8 after 3 months of administration, 17.5%–21.6%9
and 23.0%±10.7%10 after 6 months of administration, and
28.1%±9.4%11 after 52 weeks of administration. Our results
showed that the rate of decrease in the IOP after 3 years of
administration was 19.4%±11.7%, which was thought to be
similar to that reported previously.5–11
Adverse reactions associated with bimatoprost include
conjunctival hyperemia, itching, irritation, stinging, foreign body sensation, dryness, eye pruritus, growth of
eyelashes, iris hyperpigmentation, eyelid pigmentation,
deepening of the upper eyelid sulcus, and superficial punctate
epitheliopathy.6–11 The adverse reactions observed in our
study were similar to those reported in previous studies.6–11
The frequency of discontinuation of bimatoprost because of
the appearance of adverse reactions was higher in our study
(27.4%) than in previous studies (3.0%, 5.3%, 8.1%, and
16.7%).7,9–11 This finding may be because the duration of
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3 cases
4 months
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2 months
1 case
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administration was longer (3 years) in our study than that in
previous studies (3 months to 52 weeks).7,9–11 However, in the
present study, the percentage of discontinued cases within
1 year of administration was 19.4%, which is not significantly
different to that found after 52 weeks of administration in
previous studies.7,11
To date, the effect of long-term administration of
bimatoprost eye drops on the visual field defect caused by
normal-tension glaucoma patients has not yet been described.
In this study, we observed no change in the MD and PSD
values before and 12, 24, and 36 months after administration of bimatoprost. On the other hand, event analysis and
trend analysis indicated a progression in visual field defects
of 12.1% and 3.0%, respectively. In previous studies, benz
alkonium chloride (BAK)-free travoprost eye drops14 or
tafluprost eye drops15 were administered to normal-tension
glaucoma patients for 3 years. Progression in visual field
defects was investigated by event analysis and trend analysis.
In patients receiving BAK-free travoprost eye drops,14 the
results of event analysis and trend analysis were 13.9% and
2.8%, and those in patients receiving tafluprost eye drops,15
were 10.3% and 13.8%, respectively. In event analysis,
the three drugs achieved similar results. Trend analysis
showed that administration of bimatoprost eye drops may
be more effective than administration of tafluprost eye
drops. Moreover, its efficacy was almost the same as that for
travoprost. In our study, the administration of bimatoprost
was discontinued in three patients because of visual field
defect progression during the 3-year follow-up period. IOP
significantly decreased over this time but there were cases
where visual field defects progressed. Only the decrease
in IOP can be evaluated quantitatively, while defects in
the control of progression of visual field cannot be evaluated quantitatively.16 Even if IOP decreased sufficiently,
there have been cases where visual field defects progressed
in the Collaborative Normal-Tension Glaucoma study.1
It is thought that this is due to factors other than IOP.
The limitations for this present study are that it was not
blinded, there was no control group, and there was no standard for discontinuing eye drops.
In conclusion, bimatoprost-only eye drops were administered to normal-tension glaucoma patients for 3 years. The
IOP significantly decreased compared to baseline for 3 years.
However, progression in visual field defects occurred in
3.3%–12.1% of the patients. The administration of bimatoprost was discontinued in 27.4% of the patients because of
the appearance of adverse reactions. No patients in the present
study experienced any systemic adverse reactions. Glaucoma
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treatment continues for a lifetime; therefore, more long-term
efficacy studies need to be carried out.
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