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Abstract
Introduction To compare the intraocular pressure (IOP)-
lowering effects of 0.005% latanoprost to that of 0.004%
travoprost in eyes with open-angle glaucoma (OAG).
Methods Forty-two patients with OAG who received either
latanoprost or travoprost every evening for 12 weeks, and
then switched to the other medication for another 12 weeks.
The IOP measurements were made with a Goldmann
applanation tonometer (GAT) at the baseline, and at 1, 3,
4, and 6 months after the treatment. The IOP at the
untreated baseline and at the end of each treatment period
was measured at 10:00, 12:00, and 16:00 hours. The central
corneal thickness (CCT) was measured at each visit using
an ultrasonic pachymeter.
Results Themean baseline IOPwas 13.9±2.5 mmHg, and the
CCT was 536.7±30.5 μm. Latanoprost reduced the IOP by
2.5±1.7 mmHg and travoprost by 2.6±1.5 mmHg from the
baseline (p=0.6807). The CCT decreased significantly to
531.9±30.3 at 3 months (p=0.0160) and to 529.4±30.5 μm
at 6 months (p=0.0002) after the therapy. The decrease was
significantly greater in eyes after travoprost (p=0.0049).
Conclusions Travoprost has similar effect as latanoprost in
reducing the IOP in glaucoma patients with relatively low

IOPs. The use of prostaglandin analogs can decrease the
CCT, and this change should be considered when the IOPs
obtained by GAT are analyzed.

Keywords Travoprost . Latanoprost . Central corneal
thickness . Intraocular pressure

Introduction

Open-angle glaucoma (OAG) with low intraocular pressures
(IOPs) of ≤21 mmHg is referred to as normal-tension
glaucoma (NTG). Its prevalence in Japanese over 40 years
of age is 3.6%, and eyes with NTG make up 92.3% of all eyes
with OAG in Japan [1]. Although the pathogenesis of NTG
has not been fully determined, a 30% reduction of the
baseline IOP has been recommended to prevent the
progression of the glaucomatous visual field defects, even
in eyes with NTG [2].

Prostaglandin analogs (PGAs) and/or prostamide have
become the preferred first-line therapy for the management of
glaucoma. At present, four of these drugs (latanoprost,
travoprost, tafluprost and bimatoprost) are available in Japan.
Of these, travoprost was originally developed with benzalko-
nium chloride (BAK) as a preservative; however, only 0.004%
travoprost ophthalmic solution without BAK (Travatan Z,
Alcon Laboratories Inc, FortWorth, TX, USA) is now available
in Japan. It has been reported that travoprost without BAK
solution has a similar IOP-lowering effect and safety to that of
travoprost with BAK [3], and its effectiveness is equal or
greater than that of latanoprost [4–13]. Both drugs reduce the
IOP by approximately 20 to 40% of the baseline IOP [4–6, 8–
13]. However, there is little information on the IOP-lowering
effect in eyes with comparatively low IOPs such as those with
NTG.
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The PGAs have also been shown to decrease the central
corneal thickness (CCT) [6, 14–21], and because Goldmann
applanation tonometry underestimates the IOP in eyes with
thinner corneas [22–25], questions have arisen about the
accuracy of the IOPs measured after the use of PGAs.
Although there are several studies on the effect of different
PGAs on the CCT [6, 18–21], which PGAwould reduce the
CCT the most has not been determined.

Thus, the purpose of this study was twofold: first, to
compare the IOP-lowering effects and safety of latanoprost
to that of travoprost in eyes with open-angle glaucoma with
low IOPs; and second, to investigate whether the reduction
of the CCT is different for these two PGAs.

Materials and methods

This was a prospective, open-labeled, randomized, and
crossover comparison study. The study was approved by the
Institutional Review Board of Gifu University Graduate
School of Medicine. All patients were fully informed and
gave their written consent before participation.

We studied 42 patients with OAG at the Gifu University
Hospital between August 2008 and July 2009. The
diagnosis of OAG was based on the following criteria: 1)
both eyes had a gonioscopically open angle, 2) at least one
of the eyes had visual field defects whose location
corresponded to the glaucomatous disc excavation, and 3)

neuroradiological, rhinological, and general medical exami-
nations did not disclose any pathology responsible for the
optic nerve damage other than glaucoma. A glaucomatous
visual field defect was defined as one in which three or
more contiguous points in the visual field were reduced by
>5 decibels with one point reduced by >10 decibels below
the age-specific threshold on static automated perimetry
(Humphrey 30–2, Humphrey Field Analyzer, Humphrey
Instruments, San Leandro, CA, USA). A glaucomatous
optic nerve appearance was defined as the presence of a
focal or a diffuse defect of the optic disc rim to less than
10% of the disc diameter. Patients with any secondary
factors that might induce glaucoma, such as uveitis and lens
exfoliation, in even one eye were excluded. In addition,
patients were excluded if they had any intraocular surgery
including laser therapy, or had any corneal condition, e.g.,
pterygium, that prevented reliable Goldmann applanation
tonometry (GAT). If the patients were taking any ocular
hypotensive agents, they had a washout period of at least
4 weeks before beginning the experiment.

At the baseline, all patients underwent ocular examina-
tions including the visual acuity, slit-lamp biomicroscopy,
measurements of the central corneal thickness (CCT), direct
ophthalmoscopy, and visual field examinations. The IOPs
were measured by a single examiner (AS) throughout the
examination period with a GAT at 10:00, 12:00, and 16:00
hours in a sitting position.

The CCT was measured with an ultrasonic pachymetry
(SP-100 Handy Pachymeter; Tomey, Japan) once on two
separate days, and the average was used as the baseline
value. The CCT was always measured around 9:30 hours
because of its diurnal variation.

After the initial examinations, one-half of the patients
were randomly assigned to receive 0.005% latanoprost
(Xalatan, Pfizer, Hellas, Athens, Greece) and the other half
to receive 0.004% travoprost (Travatan Z, Alcon Laborato-
ries Inc, Fort Worth, TX, USA). Each drug was applied
each every evening at 21:00 into both eyes for 12 weeks. At
the end of the 12 weeks, the patients were crossed over to
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9 PM: Travoprost 9 PM: Latanoprost

9 PM: Travoprost
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comprising at least 

4 weeks if any 
anti-glaucoma drugs 

were used.
9 PM: Latanoprost

Fig. 1 Study outline

Table 1 Demographics of study
groups

IOP: intraocular pressure

Values are mean±standard de-
viation (range).

Gender (men/women): 23 cases/19 cases

Age (years): 53.2±11.8 (26–74)

Best-corrected visual acuity (decimal): 1.3±0.3 (0.5–1.5)

Baseline IOP with no agents (mmHg):

10:00 hours 14.4±2.6 (9–22)

12:00 hours 14.1±2.7 (9–21)

16:00 hours 13.3±2.5 (8–18)

Central corneal thickness (μm): 536.7±30.5 (47–599)

Humphrey program central 30–2:

Mean deviation (dB) −6.52±7.89 (−23.24 to +2.54)

Pattern standard deviation (dB) 7.59±5.21 (1.80–16.63)
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the other drug (Fig. 1). No washout period separated the
treatment periods.

The IOPs were measured before (baseline), and at 12 and
24 weeks. The measurements were made at 10:00, 12:00,
and 16:00 hours. At 4 weeks and 16 weeks, the IOPs were
measured only at 10:00 hours. The CCT was measured at
every visit before the IOP measurements, and the average
of five consecutive readings was used for the statistical
analyses. The development of any complications based on
the patients’ solicited complaints or the ocular findings
obtained by one investigator were recorded at each
examination. The complications included bulbar conjunctival
hyperemia, itching, hypertrichosis, periocular hyperpigmen-
tation, and a deepening of the superior sulcus.

One eye was randomly chosen for the statistical
analyses. The equation used to correct for the CCT was
that proposed by Doughty and Zaman [26], and it was used
to determine the effect of the CCT on the GAT value. The
formula used was: corrected GAT = measured GAT minus
[(CCT − 535) × (2.5/50)]. Statistical analyses comparing

the diurnal IOP curve at baseline and between treatments
were performed by repeated ANOVA. The mean, maximum
and minimum IOPs and the CCTs were analyzed by
Wilcoxon signed-rank test or the Mann–Whitney U test.
Differences in the CCT between treatments were analyzed
using a mixed model analysis (Grizzles model) considering
the carry-over effect due to the crossover design. Also, the
adverse effects were evaluated by the chi-square test. The
planned sample number of 21 patients/group was based on
an expected 95% confidence interval estimated for the
mean changes from baseline and effect of the numbers. A
standard deviation of 3.5 mmHg was used in determining
the sample size. This study had an 80% power to detect a
1.55 mmHg difference in the measured IOPs. The level of
significance for each contrast was set at p<0.05. All
statistical analyses were performed with the STATA soft-
ware version 11.1 (StataCorp, College Station, TX, USA.).

Results

Patients

All 42 of the patients completed the protocol, and their
demographic data are shown in Table 1. The mean±standard
deviation (SD) age was 53.2±11.8 years, and 23 of the
patients were men. The differences in the age, gender,
baseline IOPs, CCT, and visual field indices were not
significant between the two groups (Table 2).

Intraocular pressures

The mean baseline IOP was 13.9±2.5 mmHg for all eyes.
The baseline IOP was 14.4±2.6 mmHg at 10:00 hours,
14.1±2.7 mmHg at 12:00 hours, and 13.3±2.5 mmHg at

Table 2 Patient characteristics between groups

Initially treated with travoprost (21 cases) Initially treated with latanoprost (21 cases) P-value

Gender (men/women): 11 cases/ten cases 12 cases/nine cases >0.9999

Age (years): 55.1±11.2 (31–72) 51.3±12.3 (26–74) 0.2524

Best-corrected visual acuity (decimal): 1.3±0.3 (0.6–1.5) 1.3±0.3 (0.5–1.5) 0.9094

Baseline IOP with no agents (mmHg):

10:00 hours 14.1±2.3 (10–19) 14.7±2.9 (9–22) 0.5165

12:00 hours 13.6±2.5 (9–20) 14.5±2.8 (9–21) 0.2323

16:00 hours 13.0±2.3 (8–17) 13.6±2.8 (9–18) 0.5332

Central corneal thickness (μm): 536.8±29.7 (475–599) 536.7±32.0 (479–585) 0.8306

Humphrey program central 30–2:

Mean deviation (dB) −7.15±7.40 (−19.78 to +0.64) −5.90±8.49 (−23.24 to+2.54) 0.5544

Pattern standard deviation (dB) 8.78±5.17 (2.03–16.63) 6.39±5.09 (1.80–15.57) 0.1074

IOP: intraocular pressure

Values are mean±standard deviation (range).
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Fig. 2 Comparison of intraocular pressure (IOP) at untreated baseline
(open squares) versus latanoprost (open circles) and travoprost (closed
circles). There was no significant difference in IOP at any individual
point between drugs. Errors bars indicate standard deviations
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16:00 hours. There were significant decreasing trends of the
diurnal IOP curves at the baseline after the latanoprost and
travoprost treatments (p<0.001; repeated ANOVA). We also
found a significant difference in diurnal IOP curves
between the baseline and after treatment with latanoprost
or travoprost (p<0.001; repeated ANOVA). However, the
differences in the IOPs for the individual times between the
two treatments were not significant (10:00, p=1.000; 12:00,
p=1.000; 16:00, p=1.000: with Bonferroni correction).
Both treatments significantly reduced the IOP from the
baseline at each test time (all p<0.001; Wilcoxon signed-
rank test; Fig. 2). The mean diurnal IOP for patients treated
with latanoprost was 11.4±2.2 mmHg, and 11.4±1.9 mmHg
after travoprost (p=0.9158; Wilcoxon signed-rank test).
The values obtained at the different times were not
significantly different between the two groups (Fig. 2). As
with the absolute level of IOP, the mean percent reduction
from the baseline for patients with latanoprost was 17.3±
10.9 %, and 16.9±10.2 % with travoprost. This difference
was not significant (Table 3).

We then corrected the IOP values for the changes in the
CCT. There was a significant difference in the corrected
IOP at 10:00 hours (Fig. 3 and Tables 4).

Central corneal thickness (CCT)

Themean baseline CCTwas 536.7±30.5μm for all of the eyes.
In eyes initially given travoprost, the CCT decreased signifi-

cantly to 528.3±31.3 μm at 3 months, to 530.2±31.8 μm at
4 months, and to 528.4±30.2 μm at 6 months (p=0.0041,
0.0048, and 0.0011 respectively; Wilcoxon signed-rank tests;
Table 5). There was a significant difference in CCT at
6 months in eyes initially treated with latanoprost compared
to baseline CCT (p=0.0473; Wilcoxon signed-rank test;
Table 5). Additionally, a significant difference between the
CCT at 3 months and 6 months was found in eyes initially
started with latanoprost (p=0.0305; Wilcoxon signed-rank
test; Table 5). Mixed model analyses showed a significant
difference in the CCT of eyes treated with travoprost
and latanoprost (p=0.049) even after considering the
carry-over effects (p=0.625).

Adverse effects

Mild bulbar conjunctival hyperemia was the most frequently
adverse event, and was seen in 11 patients (26.2%) treated
with latanoprost and 20 (47.6%) treated with travoprost (p=
0.0705; chi-square test). Hypertrichosis was observed in one
patient treated with travoprost. Deepening of the upper lid
sulcus was found in two female patients; one patient with
travoprost, and the other patient with both drugs. None of the
complications was severe enough to discontinue either drug.

Discussion

Earlier studies evaluated the effectiveness of travoprost and
latanoprost in lowering the IOP in eyes with primary open-
angle glaucoma or with ocular hypertension [6, 8–13, 18,
20, 21]. However, most of these studies examined patients
with IOPs >21 mmHg. Our results demonstrated that the
IOP-lowering ability of travoprost was not significantly
different from that of latanoprost, even in eyes with OAG
with comparatively low IOPs. We found a mean IOP
reduction of 17.3% from the baseline with travoprost, and
16.9 % reduction with latanoprost. In addition, the CCT was
found to decrease significantly more in eyes treated with
travoprost than with latanoprost.

In earlier clinical studies comparing latanoprost to
travoprost, some investigators concluded that the effective-
ness of both agents to lower the IOP was comparable [8, 9,
11, 13], while others concluded that travoprost was more
effective than latanoprost [4–6, 10, 12]. However, there

Table 3 Percent intraocular
pressure reduction from baseline

Values indicate mean±standard
deviation (%).

*: Wilcoxon signed-rank test

Time point Latanoprost % reduction from baseline Travoprost % reduction from baseline P*

10:00 hour 19.0±13.1 16.5±11.4 0.0646

12:00 hour 17.1±11.8 17.1±10.8 0.7940

16:00 hour 15.0±12.4 16.6±14.4 0.3312

Average 17.3±10.9 16.9±10.2 0.6042
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Fig. 3 Comparisons of corrected intraocular pressures (IOPs) at
untreated baseline (open squares) versus latanoprost (open circles) and
travoprost (closed circles). There was a significant difference in the
IOP at 10:00 hours between drugs. The formula used was: corrected
Goldmann applanation tonometry (GAT) = measured GAT minus
[(CCT − 535) × (2.5/50)] proposed by Doughty and Zaman [26].
Errors bars indicate standard deviations
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were differences in the study design, baseline IOPs, types
of glaucoma, endpoints chosen for analyses, and the
statistical methods [7]. In the studies that reported that the
reduction of the IOP by travoprost was not significantly
different from that of latanoprost, the IOP was reduced by
22.7% to 44.0% of the untreated baseline [8–13]. These
percentages are much higher than that observed in our
study; however, our patients had relatively low baseline
IOPs. In fact, it has also been reported that travoprost
reduced the IOP in eyes with NTG by 16.1% to 20.2% of
the baseline IOP [27–29], which is quite comparable to our
findings. There is evidence that the CCT can affect the
values of the IOP measured by an applanation tonometer,
and formulas have been presented which can convert the
measured IOP to the real IOP taking into account the CCT
[26, 30, 31]. However, at present none of these formulas
has been universally accepted [25], and some authors even
question the clinical relevance of the corrections in the
management of glaucoma [32, 33]. We found that the
percentage reduction of the IOP at 10:00 hours was
significantly greater after latanoprost than after travoprost
when the CCT was considered. This tendency was just the
opposite of one report which reported a better effectiveness of
lowering the IOP in the early morning (8:00 and 10:00 hours)
by travoprost than latanoprost when receiving each drug once
every evening at 21:00 hours [13]. Additionally, some authors

have pointed out the unique IOP-lowering characteristics of
travoprost including an earlier time of reaching peak activity
[5, 9], and a longer persistent effect over the 24-hour dosing
schedule even with only one instillation [10, 11, 34]. This
latter phenomenon is supported by a laboratory result [35]
that showed that travoprost binds more strongly to the
prostaglandin F2αreceptor than latanoprost.

Recently, the effect of prostaglandin analogues (PGAs)
on CCT has been emphasized in the large-scale multi-center
trials because it can alter the IOP values [16, 17]. Stefan
and coworkers reported that the decrease in CCT at
3 months was not significantly different in patients using
either travoprost (6.23 μm) or latanoprost (4.20 μm) [18].
Sen et al. demonstrated 6.7-μm and 7.7-μm CCT thinning
in the groups treated respectively with latanoprost and
bimatoprost at 24 months [19]. Hatanaka and colleague
reported that groups treated with PGAs had a significant
CCT decrease during an 8-week period (4.69 μm, 4.06 μm,
and 6.22 μm decrease for latanoprost, bimatoprost and
travoprost respectively) [20]. However, no significant
differences were found among the three groups [20]. Arcieri
et. al. reported after a 4-week trial that CCT was reduced by
1.15-μm, 3.15-μm, and 0.88-μm for latanoprost, bimato-
prost, and travoprost respectively, and they concluded that
only topical bimatoprost induced a statistically significant
decrease in CCT [6]. Although all authors agree that the

Table 4 Corrected percent intraocular pressure reduction from baseline

Time point Latanoprost % reduction from baseline Travoprost % reduction from baseline P*

10:00 hours 16.8±13.5 13.5±13.5 0.0413

12:00 hours 15.1±12.4 14.1±13.5 0.7498

16:00 hours 12.8±13.9 13.1±18.4 0.4106

Average 15.1±11.6 13.8±13.1 0.4128

Values indicate mean±standard deviation (%).

*: Wilcoxon signed-rank test

Corrected intraocular pressure = Intraocular pressure values obtained from Goldmann tonometry minus (central corneal thickness minus 535)×
2.5/50 [26]

Table 5 Central corneal thickness

Follow-up periods Initially treated with latanoprost Initially treated with travoprost P*

Baseline 536.7±32.0 536.8±29.7 0.8306

1 month 541.5±29.8 537.3±31.3 .0.4428

3 months 535.5±29.6 528.3±31.3 † 0.4732

4 months 533.7±31.0 530.2±31.8 † 0.4655

6 months 530.4±31.4 †¶ 528.4±30.2 † 0.7247

Values indicate mean±standard deviation (μm).

*: Mann–Whitney U test

†: P<0.05 versus baseline values (Wilcoxon signed-rank test)

¶: P<0.05 versus values at 3 months (Wilcoxon signed-rank test)
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PGAs and prostamide can lead to a decrease in CCT; which
one reduced CCT the most has not been agreed on. Our
results showed a significantly greater decrease in CCT in
eyes using travoprost after 3 months (6.74 μm) than using
latanoprost (0.57 μm), which differs from Arcieri’s report
[6]. Even when the same examiner measures CCT,
significant variations of approximately 15 μm have been
reported [36]. Additionally, the CCT readings with the
ultrasound pachymeter on separate occasions (over the 3-
month period) have significant fluctuations, with a mean
difference of 9.6 μm in the right eye and 19.0 μm in the left
eye [37]. For these reasons, the differences between drugs
in the CCT alterations observed in this study might be tiny,
within the measurement errors. However, we believe that
our crossover design and the CCT measurements at the
different times should cancel such variations in the CCT
measurements.

In addition to PGAs and prostamides, it has been
reported that brimonidine also reduces CCT [21], and that
carbonic anhydrase inhibitors increase CCT [14, 38]. The
exact mechanism how PGAs reduce CCT remains to be
determined. One explanation is that lowering the IOP itself
would cause a CCT decrease followed by a corneal
hydration. However, this seems unlikely because in our
study both drugs had a similar IOP-lowering effect. Matrix
metalloproteinases (MMPs) are present in the cornea, and it
has been suggested that an over-activity of certain geloti-
noproteases (MMP-2) is involved in pathological corneal
conditions such as keratoconus [39]. Thus, it is possible
that PGAs or prostamide induce alterations of the corneal
structure through direct activation of MMPs. In an
experimental model, the MMP family, which includes
approximately 20 types of enzymes, was found to activate
cultured human muscle cells from the ciliary body [40], and
rat conjunctiva [41] after exposure to latanoprost. Actually,
latanoprost similarly activated the MMPs to increase the
extracellular space between the ciliary muscle fibers in the
uveoscleral outflow route for aqueous humor drainage [42].

None of our 42 patients dropped out from the study.
Bulbar conjunctival hyperemia was the most frequent
adverse effect that was found immediately after starting
the drugs as has been reported [43, 44]. Because we had
explained this complication before the beginning of the
drugs, most patients were not surprised or upset with the
mild hyperemia. Although two female participants reported
a deepening of their upper lid sulcus, the examiner could
not detect a change in the sulcus. There have been three
reports describing this adverse event after the use of
travoprost or bimatoprost [45–47], but no report was found
that reported this change after latanoprost. Our patient who
noticed this phenomenon after the administration of both
drugs had initially used travoprost and subsequent latano-
prost. Therefore, it is possible that this is not a complication

induced by latanoprost, because it was pointed out that this
change did not restore up to 6 months after a discontinuation
of the drug [47].

The limitations of our study are the small number of
patients, and the measurement of the IOP only three times/
day during office hours. In addition, it might be better to
show the longitudinal alterations of CCT. Based on our
CCT results, it is difficult to predict whether changes in the
CCT would continue if the PGAs were continued or be a
short-term phenomenon.

In conclusions, our results demonstrated an equal IOP-
lowering effect of travoprost and latanoprost. However in
some glaucoma patients with low pressures, additional
therapies should be considered for a greater IOP reduction
of more than 30%. We also found a greater CCT decrease
with travoprost than with latanoprost. Because of the
reduction in the CCT, care should be taken in interpreting
the IOP-lowering effect of PGAs and the prostamides.
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