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Diurnal Intraocular Pressure with Bimatoprost/Timolol Fixed 
Combination versus Latanoprost/Timolol Fixed Combination in 
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Purpose: To evaluate the effects of a bimatoprost/timolol fixed combination (BTFC) and a latanoprost/timolol fixed 

combination (LTFC) on diurnal intraocular pressure (IOP) and anterior ocular parameters in healthy subjects. 

Methods: We enrolled 58 healthy subjects in this prospective clinical study. Thirty subjects were treated with 

BTFC and 28 subjects were treated with LTFC. IOP was measured every 2 hours except from 01:00 and 

05:00. Axial length, corneal curvature, and anterior chamber depth were obtained using the IOL master at 

baseline and 24 hours later. Adverse events were assessed by patient interview and by slit lamp examination.

Results: The largest difference in IOP between treated and untreated eyes 8 hours after instillation was 1.67 

mmHg in the BTFC group (p < 0.001). The largest difference in IOP between treated and untreated eyes 10 

hours after instillation was 1.93 mmHg in the LTFC group (p < 0.001). For anterior ocular parameters such as 

axial length, corneal curvature, anterior chamber depth at baseline and 24 hours after instillation, there were 

no significant differences between the baseline and 24-hour values in either the BTFC or LTFC group. The 

most frequently occurring adverse event was conjunctival hyperemia, which was found in 33.3% (n = 10) of 

the BTFC group and 25.0% (n = 7) of the LTFC group (p = 0.486).

Conclusions: BTFC and LTFC provided a significant reduction in IOP from baseline without changing any ante-

rior ocular parameters. Our results provide a reference for monocular trials to assess the effect of eye drops in 

a clinical condition. 
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Glaucoma is one of the leading causes of irreversible vi-
sual field loss and blindness [1,2]. Increased intraocular 
pressure (IOP) is an important factor in glaucoma develop-
ment and progression. A large number of studies have 
shown that a reduction in IOP in the early phase is crucial 

for glaucoma treatment [3-5]. The Early Manifest Glauco-
ma Trial showed that a 1 mmHg reduction in IOP decreas-
es the glaucoma progression risk by 10% [3]. The Ameri-
can Academy of Ophthalmology’s Preferred Practice 
Guidelines recommend a 20% to 30% reduction in IOP 
from the initial IOP. The Ocular Hypertension Treatment 
Study, in which IOP reduction lowered the risk of glauco-
ma development in ocular hypertension patients, targeted a 
20% IOP reduction [4,5].

The fixed combination of latanoprost and timolol (LTFC; 
Xalacom; Pharmacia, Kalamazoo, MI, USA; Pfizer, New 
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York, NY, USA) was the first prostaglandin analogue/be-
ta-blocker fixed combination available in ophthalmology. 
Bimatoprost/timolol fixed combination (BTFC; Ganfort, 
Allergan, Irvine, CA, USA) is another fixed combination 
drug that combines bimatoprost 0.03% and timolol 0.5%. 
The IOP-lowering effects and the association of its individ-
ual components have been reported [6-17]. In recent years, 
usage of such a fixed combination drug has increased due 
to superior drug effects and patient compliance.

Treatment with a fixed combination may increase compli-
ance by simplifying the regimen and reducing the washout 
effect of previously instilled eye drops. Furthermore, fixed 
combination eye drops can lead to better compliance for long-
term glaucoma management because of the ease of once-daily 
administration and avoidance of excessive preservative-relat-
ed ocular toxicity associated with multiple instillations [18]. 

Determining the IOP responses is very important in glau-
coma treatment, but precisely determining the IOP re-
sponses in each individual is very difficult. Diurnal varia-
tion in IOP is an important factor in glaucoma treatment. 
Several studies have revealed that diurnal IOP is different 
between individuals [19,20]. IOP changes involve both true 
pharmacological effects and spontaneous IOP fluctuations. 
The latter are reported to be greater in glaucoma patients 
than in healthy (normal) subjects [21,22]. 

A monocular trial is one of the methods for identifying 
the effect of an eye drop. Many studies have been performed 
to evaluate the efficacy of monocular drug trials [23-27]. 
At certain times after application in one eye, the effect of 
the eye drop is estimated from the difference in IOP be-
tween the instilled eye and the other eye [23,25,26]. How-
ever, there are various methods depending on the drug, pa-
tient, and clinician. For instance, an assessment of the 
effect of a single drop on diurnal IOP or a comparison of 
IOP at baseline and at several days or weeks after treat-
ment has been used in clinical conditions. To date, there 
has been no report on the effects of an ocular trial in healthy 
subjects as a reference. The purpose of this study was to 
evaluate the effects of LTFC and BTFC on diurnal IOP 
and anterior ocular parameters in healthy subjects. 

Materials and Methods 

This study was a prospective clinical study that included 
new patients who visited the glaucoma department of 

Kangbuk Samsung Hospital, Seoul, Korea, from Septem-
ber 2009 to February 2011. This study was performed in 
adherence with the Declaration of Helsinki. Approval was 
received from the institutional review board and ethics 
committee of Kangbuk Samsung Hospital in Seoul, Korea. 
We enrolled non-glaucoma subjects. The inclusion criteria 
for healthy subjects are summarized in Table 1. Exclusion 
criteria included active ocular disease, abnormally low or 
high blood pressure or pulse rate, contraindications or sen-
sitivity to any component of the study treatments, use of 
other ocular medications or other therapies that might have 
a substantial effect on IOP, and a history of ocular surgery. 
Women who were not using an effective means of contra-
ception or who were pregnant or nursing were excluded. 
Subjects who were taking medication with side effects of 
altering IOP, such as steroid, β-blocker, systemic diuretics 
(carbonic anhydrase inhibitor), or antipsychotic medica-
tions, were excluded. The subjects were randomly treated 
with either LTFC ophthalmic solution (Xalacom) or BTFC 
ophthalmic solution (Ganfort).

IOP was measured by slit lamp using a Goldmann appla-
nation tonometer. A single examiner measured IOP in all 
patients using the same applanator. At the time of the IOP 
measurement, three consecutive measurements of each eye 
were obtained, and the mean of the three measurements was 
analyzed. Neither the examiner nor the healthy subjects in 
the two groups knew which group was being tested.

First, we assessed the effects of one drop each of LTFC 
(n = 28) and BTFC (n = 30) on diurnal IOP. We randomly 
chose one eye of a normal subject and applied one drop of 
the LTFC or BTFC in the morning (between 8:00 a.m. and 
8:30 a.m.). We measured the IOP ten times a day (base-
line—before instillation, 09:00, 11:00, 13:00, 15:00, 17:00, 
19:00, 21:00, 23:00, and 07:00). The patients slept without 

Table 1. Inclusion criteria for healthy subject

Healthy subject

   No history of glaucoma or elevated IOP
   No visual field loss without glaucomatous optic disc changes*

   No retinal nerve fiber layer defect on red-free photo
   IOP that has never been documented above 21 mmHg

IOP = intraocular pressure.
*All visual fields were assessed using full threshold white-on-
white Humphrey standard program 30-2. A technically acceptable 
visual field was considered abnormal if p < 5% for the corrected 
pattern standard deviation or if the glaucoma hemifield test was 
outside normal limits by STATPAC 2.
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any disturbance between 01:00 and 05:00. The difference 
in diurnal IOP between the instilled eye and the untreated 
fellow eye was evaluated by paired t-test. Furthermore, the 
difference in diurnal IOP in the instilled eye between the 
LTFC group and the BTFC group was evaluated by inde-
pendent samples t-test.

Second, we evaluated the effects of the LTFC or BTFC 
therapy on anterior ocular parameters. Axial length, cor-
neal curvature, and anterior chamber depth were obtained 
using an IOL master (Carl Zeiss Meditec, Jena, Germany) 
at baseline and 24 hours. The difference in the anterior oc-
ular parameters between before and after drug application 
was evaluated by paired t-test.

Adverse events were assessed by patient interview in-
cluding foreign-body sensation, itchiness, stinging and by 
slit lamp examination including conjunctival hyperemia, 
and superficial punctuate epitheliopathy. The difference in 
the adverse events in the instilled eye between the LTFC 
group and the BTFC group was evaluated by chi-square 
test. Baseline demographics were compared between the 
LTFC and the BTFC groups using independent sample 
t-test for continuous variable and chi-square test for categor-
ical variables, as appropriate. All data were analyzed using 
the SPSS ver. 18.0 (SPSS Inc., Chicago, IL, USA). A p-value 
less than 0.05 was considered statistically significant.

Results

We investigated 58 patients (116 eyes) of which 23 
(39.7%) were men and 35 (60.3%) were women. The mean 
age was 66.67 ± 11.48 years (range, 35 to 91 years). The de-
mographic characteristics of the subjects in the two groups 
are summarized in Table 2. The mean ages and sexes of 
the BTFC and LTFC groups were not statistically different 
(independent sample t-test, p = 0.824; chi-square test, p = 
0.120; respectively) (Table 2). The difference in baseline 
IOP between the BTFC group and LTFC group was statis-
tically significant (Table 2). The baseline IOP between in-
stilled and untreated eyes of each group was not statistical-
ly different (paired samples t-test, p = 0.110 for BTFC 
group, p = 0.445 for LTFC group) (Tables 3 and 4).

The measurements of diurnal IOP after instillation of 
one drop of the BTFC are summarized in Table 3. Diurnal 
IOPs after instillation of one drop of BTFC between the 
instilled and untreated eyes of normal subjects are shown 
in Fig. 1. The largest difference in IOP between the in-
stilled and untreated eyes was observed 8 hours after in-
stillation (1.67 mmHg) (p < 0.001) (Table 3).

 The measurements of diurnal IOP after instillation of 
one drop of the LTFC are summarized in Table 4. Diurnal 
IOPs after instillation of one drop of LTFC between the in-
stilled and untreated eyes of normal subjects are shown in 
Fig. 2. The largest difference in IOP between the instilled 

Table 2. Demographic characteristics of the subjects

BTFC LTFC
p-value

Instilled eye Untreated fellow eye Instilled eye Untreated fellow eye

No. of eyes   30     30   28   28
Age (yr)   67.00 ± 10.75 (38-87) 66.32 ± 12.42 (35-91) 0.824*

Sex (male : female)                               9 : 21   14 : 14 0.120† 

Diabetes mellitus                             12 (40.0%)     6 (21.4%) 0.127† 

Hypertension                             13 (43.3%)   16 (57.1%) 0.293†

Other cardiovascular  
   diseases                               5 (16.7%)     6 (21.4%) 0.644†

OD : OS   18 : 12    12 : 18 19 : 9     9 : 18 0.534†

Baseline IOP (mmHg) 13.00 ± 2.12 12.60 ± 2.09 11.18 ± 3.27 11.36 ± 3.07 0.016‡

SE (D)  -0.60 ± 1.56  -0.63 ± 1.94 -0.40 ± 4.06 -1.74 ± 6.32
BCVA   0.65 ± 0.28   0.54 ± 0.26   0.58 ± 0.31   0.45 ± 0.24 

BTFC = bimatoprost/timolol fixed combination; LTFC = latanoprost/timolol fixed combination; IOP = intraocular pressure; SE = 
spherical equivalent; D = diopter; BCVA = best-corrected visual acuity.
*Independent t-test; †Chi-square test; ‡Independent t-test for IOP of instilled eyes in both groups.
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and untreated eyes was observed 10 hours after instillation 
(1.93 mmHg) (p < 0.001).

The IOP reductions from baseline for the BTFC and LTFC 
groups are summarized in Table 5. In the BTFC group, the 
largest reduction in IOP from baseline was observed 6 hours 
after instillation (2.57 ± 2.47 mmHg). In the LTFC group, 
the largest reduction in IOP from baseline was observed 12 
hours after instillation (2.36 ± 3.37 mmHg). 

The effects of BTFC and LTFC on axial length, corneal 
curvature, and anterior chamber depth at baseline and 24 
hours after instillation are summarized in Tables 6 and 7. 
There were no significant differences between the baseline 
and 24-hour values.

There was no significant difference in adverse events 
between the BTFC and LTFC groups (Table 8). The most 
frequently occurring adverse event was conjunctival hy-
peremia, which was found in 33.3% (n = 10) of the BTFC 
group and 25.0% (n = 7) of the LTFC group (p = 0.486).

Discussion

The results of our study demonstrate that both BTFC 
and LTFC produce a significant reduction in IOP from 
baseline without changing the anterior ocular parameters. 
We measured the IOP to obtain daytime IOP variation af-

Table 4. Diurnal intraocular pressure (mmHg) after instillation of one drop of the fixed combination of latanoprost/timolol and 
differences in intraocular pressure between instilled and untreated eyes of normal subjects

Instilled eye (n = 30 eyes) Untreated fellow eye (n = 30 eyes) Difference p-value*

Baseline  11.18 ± 3.27  11.36 ± 3.07  -0.18 ± 1.22    0.445
09:00 11.00 ± 2.79 11.04 ± 2.19 -0.04 ± 1.35    0.889
11:00 10.29 ± 2.90 10.93 ± 2.16 -0.64 ± 1.62    0.045
13:00   9.50 ± 2.72 10.71 ± 2.19  -1.21 ± 1.57 <0.001
15:00   9.25 ± 2.62  10.71 ± 1.96  -1.46 ± 1.58 <0.001
17:00  9.00 ± 2.61  10.71 ± 1.84  -1.71 ± 1.65 <0.001
19:00  8.93 ± 2.60 10.86 ± 1.82  -1.93 ± 1.86 <0.001
21:00  8.82 ± 2.34 10.68 ± 1.96  -1.86 ± 1.41 <0.001
23:00  8.86 ± 2.35 10.54 ± 2.01  -1.68 ± 1.66 <0.001
07:00  8.96 ± 2.43 10.68 ± 2.11  -1.71 ± 1.44 <0.001

Values are presented as mean ± SD.
 

*Paired t-test.

Table 3. Diurnal intraocular pressure (mmHg) after instillation of one drop of the fixed combination of bimatoprost/timolol and 
differences in intraocular pressure between instilled and untreated eyes of normal subjects

Instilled eye (n = 30 eyes) Untreated fellow eye (n = 30 eyes) Difference p-value*

Baseline 13.00 ± 2.12 12.60 ± 2.09   0.40 ± 1.33    0.110
09:00 12.90 ± 2.98 12.57 ± 2.75     0.33 ± 0.145    0.217
11:00 12.60 ± 3.09 12.53 ± 2.69  0.07 ± 1.34    0.787
13:00 10.93 ± 3.04 12.13 ± 2.68 -1.20 ± 1.52 <0.001
15:00 10.43 ± 2.86 12.07 ± 2.63 -1.63 ± 1.81 <0.001
17:00 10.63 ± 2.59 12.30 ± 2.68 -1.67 ± 1.75 <0.001
19:00 10.90 ± 2.52 12.23 ± 2.74 -1.33 ± 1.69 <0.001
21:00 11.10 ± 2.55 12.23 ± 2.56 -1.13 ± 1.61    0.001
23:00 11.47 ± 2.52 12.23 ± 2.62 -0.76 ± 1.81    0.028
07:00 12.13 ± 2.69 12.33 ± 2.70 -0.20 ± 1.42    0.448

Values are presented as mean ± SD.
*Paired t-test.
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ter one application of BTFC or LTFC. There were signifi-
cant differences in the IOP after instillation. The largest 
difference in IOP was observed 8 hours after instillation in 
the BTFC group (13.6% reduction) and 10 hours after in-
stillation in the LTFC group (17.8% reduction). 

In our study, BTFC and LTFC showed different action 
times. The difference in IOP between instilled and untreat-
ed eyes was maintained for 10 hours after instillation in 
the BTFC group. Twenty-four hours after instillation, the 
IOP was lower than baseline, but there was no significant 
difference between the instilled eye and the untreated eye 
in the BTFC group. The difference in IOP between the in-
stilled and untreated eyes was maintained for 20 hours af-
ter instillation in the LTFC group. In the LTFC group, the 
IOP at 24 hours after instillation was significantly lower 

than baseline. 
In our study, there were differences in the IOP response 

between the BTFC and LTFC groups. Especially, the BTFC 
group showed a shorter duration of the IOP-lowering effect 
compared with LTFC group. The IOP-lowering effects of 
bimatoprost monotherapy have been reported [28-30]. 
BTFC showed a therapeutic advantage over the individual 
components [15,16]. Timolol eye drops twice a day are rec-
ommended, but one drop of timolol was used in this study. 
Therefore, IOP-lowering effects may be affected by bi-
matoprost and timolol. The reduced timolol effect may be 
one reason, however the LTFC contains the same ingredi-
ents (timolol). The stability of the drug combination may 
be a reason for the observed effect, but this alone can not 
explain the difference. The longer the treatment, the great-
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Fig. 1. Diurnal intraocular pressure (IOP) measurement after 
instillation of one drop of fixed combination bimatoprost/timolol 
between instilled and untreated eyes of normal subjects.
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Fig. 2. Diurnal intraocular pressure (IOP) measurement after 
instillation of one drop of fixed combination of latanoprost and 
timolol between instilled and untreated eyes of normal subjects.

Table 5. Intraocular pressure (mmHg) reduction from baseline

Bimatoprost/timolol fixed combination 
(n = 30 eyes)

Latanoprost/timolol fixed combination 
(n = 28 eyes) p-value*

09:00 0.10 ± 2.70 0.18 ± 3.19 0.919
11:00 0.40 ± 2.71 0.89 ± 3.27 0.534
13:00 2.07 ± 2.57 1.68 ± 3.53 0.632
15:00 2.57 ± 2.47 1.93 ± 3.52 0.425
17:00 2.37 ± 2.43 2.18 ± 3.59 0.817
19:00 2.10 ± 2.38 2.25 ± 3.50 0.853
21:00 1.90 ± 2.31 2.36 ± 3.37 0.547
23:00 1.53 ± 2.30 2.32 ± 3.40 0.310
07:00 0.87 ± 2.39 2.21 ± 3.42 0.091

Values are presented as mean ± SD.
*Independent samples t-test.
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er the IOP-lowering effects. The reason for the shorter du-
ration of the bimatoprost IOP-lowering effects compared 
to effect of latanoprost may be that latanoprost is pharma-
cologically classified as a prostaglandin analog, but bi-
matoprost is classified as a prostamide because it is an am-
ide rather than an ester compound [31]. However, we were 
unable to test this hypothesis based on the results of the 
present study. Furthermore, latanoprost acid has a higher 
affinity for the prostanoid FP receptor than bimatoprost 
acid [32], and a higher receptor affinity should result in a 
longer drug effect [29,33].

Cho et al. [34] reported that after instillation with one 
drop of brimonidine/timolol fixed combination, the largest 
difference in IOP between treated and untreated eyes 6 

hours after instillation was 1.7 mmHg (p = 0.011). Differ-
ences in IOP between instilled eyes and untreated eyes first 
appeared 4 hours after instillation and were maintained for 
14 hours after instillation. However, Cho et al. [34] did not 
measure IOP later than 14 hours after instillation. In the 
present study, the largest difference in IOP between treated 
and untreated eyes 8 hours after instillation was 1.67 mmHg 
in the BTFC group (p < 0.001). Differences in IOP be-
tween instilled eyes and untreated eyes first appeared 4 
hours after instillation and were maintained for 14 hours 
after instillation in the BTFC group. The largest difference 
in IOP between treated and untreated eyes 10 hours after 
instillation was 1.93 mmHg in the LTFC group (p < 0.001). 
Differences in IOP between instilled eyes and untreated 

Table 6. The effects of the fixed combination bimatoprost/timolol on axial length, corneal curvature, anterior chamber depth over 
time at baseline and 24 hours later after instillation

Baseline 24 Hours later Difference p-value*

Axial length 23.61 ± 1.11 23.64 ± 1.16 -0.02 ± 0.32 0.726
K1 (diopters) 44.08 ± 1.56 43.96 ± 1.59  0.12 ± 0.47 0.177
K2 (diopters) 45.06 ± 1.75 45.05 ± 1.86  0.01 ± 0.37 0.910
Anterior chamber depth (mm)   3.15 ± 0.42   3.15 ± 0.44   0.01 ± 0.20 0.831

Values are presented as mean ± SD.
*Paired t-test.

Table 7. The effects of the fixed combination of latanoprost/timolol on axial length, corneal curvature, anterior chamber depth 
over time at baseline and 24 hours later after instillation 

Baseline 24 Hours later Difference p-value*

Axial length 23.84 ± 1.74 23.85 ± 1.75 -0.003 ± 0.04 0.699
K1 (diopters) 43.75 ± 1.26 43.74 ± 1.35    0.01 ± 0.30 0.895
K2 (diopters) 44.75 ± 1.50 44.62 ± 1.50     0.13 ± 0.42 0.147
Anterior chamber depth (mm)    3.00 ± 0.47   2.98 ± 0.49     0.01 ± 0.31 0.834

Values are presented as mean ± SD.
*Paired t-test.

Table 8. Adverse events in the BTFC and the LTFC 

Adverse event BTFC (n = 30 eyes) LTFC (n = 28 eyes) p-value*

Cojunctival hyperemia 10 (33.3)  7 (25.0) 0.486
Foreign-body sensation  6 (20.0)  5 (17.9) 0.835
Superficial punctate epitheliopathy  4 (13.3)  3 (10.7) 1.000
Itchiness 2 (6.7) 3 (7.1) 1.000
Stinging 2 (6.7) 1 (3.6) 1.000

Values are presented as number (%).
BTFC = bimatoprost/timolol fixed combination; LTFC = latanoprost/timolol fixed combination.
*The chi-square test.
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eyes first appeared 4 hours after instillation and were main-
tained for 20 hours after instillation in the LTFC group. 
The difference in results among the three drugs is thought 
to be due to the difference in the drug characteristics of 
prostaglandin analogs, prostamide and α2-adrenoceptor 
agonist (brimonidine).

In this study, BTFC showed a mean IOP fluctuation of 1.1 
± 0.71 mmHg, and LTFC showed a mean IOP fluctuation of 
1.21 ± 0.88 mmHg. These ranges for the 24-hour pressure 
for the fixed combinations were lower than those reported in 
past studies [13,17,35]. These different results may be due to 
single instillation of the eye drop. It seems that treatment for 
several weeks or months shows different results.

For anterior ocular parameters such as axial length, cor-
neal curvature, and anterior chamber depth at baseline and 
24 hours after instillation, there were no significant differ-
ences in either the BTFC or LTFC group. The BTFC and 
LTFC groups showed a significant reduction in IOP from 
baseline without a change in the anterior ocular parameters. 
In a previous study, the axial length of primary open-angle 
glaucoma patients with latanoprost or bimatoprost treatment 
for approximately 2.37 years (more than 1 year) was not 
different from that of the control group [36]. However, the 
anterior chamber depth with prostaglandin analogue treat-
ment was lower than that of the control group [36]. In an-
other study, the anterior chamber depth with glaucoma or 
ocular hypertension patients decreased after 1 month of la-
tanoprost treatment [37]. The different results observed in 
the present study may be associated with the single instil-
lation of the eye drop, small population, and/or short fol-
low-up duration. A large population-based long-term fol-
low-up study will be needed to verify our results.

Conjunctival hyperemia is one of the most common local 
ocular side ef fects of  prostaglandin analogue use 
[14,17,30,38]. In our study, conjunctival hyperemia oc-
curred in both the BTFC and LTFC groups, but we did not 
identify any significant difference between the two groups 
(Table 8), possibly due to the small study population and 
short follow-up duration. Based on several studies, initial 
conjunctival hyperemia appears to be more severe with bi-
matoprost (in BTFC) than latanoprost [14,17,30]. Bimato-
prost is already in its active form in the conjunctiva at the 
moment of application [39]. Latanoprost is absorbed through 
the cornea, and the isopropyl ester prodrug is hydrolyzed in 
the cornea to become the biologically active latanoprost 
acid [39,40]. For this reason, the conjunctival hyperemia is 

milder with latanoprost than with bimatoprost [14,17,30]. 
However, prostaglandin-associated conjunctival hyperemia 
is mild and decreases with time [30,41]. Therefore, we did 
not grade conjunctival hyperemia because it is difficult to 
assess the drug side effects with only a 1-drop instillation.

The exact monocular trial duration and methods for eval-
uation of drug effect have not yet been determined. There 
are various methods to do so depending on the drug, patient, 
and clinician. For instance, assessments of the IOP-lowering 
effects at several days or weeks after treatment have been 
used. And assessments of the IOP-lowering effects at sever-
al hours after one-drop treatment have also been used. We 
instilled one eye drop in one eye and used the untreated 
fellow eye as the control. With longer treatment duration 
with a prostaglandin analogue, the effect on IOP reduction 
would likely be increased. However, timolol can have a 
crossover effect that causes reduced IOP in the untreated 
fellow eye due to systemic absorption [42]. A monocular 
trial showed that timolol treatment can cause therapeutic 
lowering of IOP in the untreated fellow eye as a result of 
instillation of the medication in the treated eye (i.e., a con-
tralateral effect) [42]. In the previous literature, timolol was 
shown to have a crossover effect that caused a lowering of 
IOP by about 1.5 mmHg in the untreated eye [43,44]. In 
this case, long-term treatment can interfere with the exact 
assessments of the IOP-lowing effect. We attempted to rule 
out the effects of systemic absorption by directly applying 
an eye drop and measuring the IOP for a relatively short 
period (24 hours) during hospitalization. Diurnal IOP was 
measured after instillation of only one eye drop, and the 
cul de sac was compressed for 5 minutes to avoid absorp-
tion through the lacrimal gland and to block the crossover 
effect of timolol maleate to the untreated eye. Therefore, 
an assessment of the effects of a one-time instillation of an 
eye drop on diurnal IOP seems to be useful for comparison 
of IOP at baseline and at several days to weeks after treat-
ment in a clinical condition.

Our study design was the same as the method used in 
outpatient clinics for evaluating the reaction of normal 
subjects. The IOP-lowering effect of the eye drops was 
measured by evaluating the reaction of normal subjects. 
This study suggests that measurement of the IOP at 8 to 10 
hours after instillation of a fixed combination drug will il-
lustrate the most effective medication response. 

Our study had some limitations. First, subjects of our 
study were normal healthy patients, not glaucoma patients. 
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However, glaucoma patients are not ideal for monocular 
treatment protocols intended to study the intra-individual 
difference in drug efficacy because of the poor symmetry 
of IOP fluctuation between eyes. Therefore, we used nor-
mal subjects for this study. Second, our study was limited 
by its short duration. Twenty-four hours was not a suffi-
cient duration for evaluating changes in IOP level or as-
sessing the presence or absence of many potentially ad-
verse events. Therefore, another trial with a longer term 
treatment is necessary to address these issues. Furthermore, 
our study did not provide information about IOP during the 
night. It is well known that the risk of glaucoma progression 
is increased, at least in some cases, by the fact that IOP may 
be higher during the night [29,45,46]. In our study, no IOP 
measurement between 1 a.m. to 6 a.m. was performed in or-
der to minimize the influence of sleep disturbance on the 
true pattern of blood pressure or IOP variation. 

In conclusion, BTFC and LTFC provided a significant 
reduction in IOP from baseline without changing anterior 
ocular parameters. BTFC and LTFC showed different di-
urnal IOP profile changes. The largest difference in IOP 
was seen 8 hours after instillation in BTFC and 10 hours 
after instillation in LTFC. Our results can act as a proper 
reference in a monocular trial for clinical assessment. Fur-
ther research is necessary to clarify the effects of various 
fixed combination drugs in various conditions.
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