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Background: Primary angle-closure glaucoma has been reported with higher prevalence in Asian populations. There is no
significant data of different response of topical medication between angle- closure and open angle eyes.

Objective: The present study investigates ocular hypotensive effect and systemic side effects of 0.1% timolol eye gel once daily
compared with 0.5% timolol eye drop twice daily in patients with chronic angle-closure glaucoma.

Material and Method: The present study was a prospective, randomized, investigator-masked, two-period crossover study
in chronic angle-closure glaucoma patients with each drug tested for a six-week period.

Results: Twenty five eyes were included. Timolol 0.1% eye gel and 0.5% timolol eye drop significantly reduced IOP at 9 am,
11 am and 3 pm compared with baseline (p < 0.001). At week 6, the mean 1OP reduction from baseline of 0.5% timolol eye
drop group was higher than that of 0.1% timolol eye gel group at 9 am (3.68 mmHg, 2.51 mmHg respectively) and at 11 am
(4.21 mmHg, 2.51 mmHg respectively). These differences were not statistically significant (p = 0.421, p = 0.157 respectively).
At 3 pm of week 6, the mean IOP change from baseline of 0.1% timolol eye gel group (3.03 mmHg) was more than that of
0.5% timolol eye drop group (2.84 mmHg). There was also statistically insignificant difference (p = 0.873). The highest IOP
reduction of 0.5% timolol eye drop was 4.21 mmHg (19.82%) at 11 am of week 6 and that of 0.1% timolol eye gel was 3.03
mmHg (14.38%) at 3 pm of the same week. There was no significant ocular side effect. Systolic blood pressure after treatment
with 0.1% timolol eye gel and diastolic blood pressure after treatment with 0.5% timolol eye drop were significantly decreased
from baseline (p = 0.006 and p = 0.026 respectively). But there was no clinical significance.

Conclusion: Timolol 0.5% eye drop and 0.1% timolol eye gel effectively reduced IOP in chronic angle-closure glaucoma
patients. There was no statistically significant difference in the ocular hypotensive effect of both drugs over a 24-hour period.
There was no ocular side effect. Systemic side effect was clinically insignificant difference in both groups.
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Primary angle-closure glaucoma has been re-
ported with higher prevalence in Asian compared to
Caucasian populations® 2. Angle closure is at least as
common as open-angle glaucoma in South and East
Asia®, Medical and surgical treatment are not signifi-
cantly different to those of open angle glaucoma.
Iridotomy has been proven to eliminate pupillary block
and prevent acute angle-closure® 4. There is no sig-
nificant data of different response of topical medica-
tion between angle-closure and open angle eyes.
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Timolol is a non-selective beta-blocker that is com-
monly prescribed as treatment of elevated intraocular
pressure in glaucoma and ocular hypertension®. Sat-
isfactory pressure control has been achieved. It has
been approved for reduction of intraocular pressure in
concentration of 0.1%, 0.25% and 0.5%. Ocular and
systemic side effect has been reported, especially in a
higher concentration. Timolol 0.1% in hydrogel formu-
lation has been developed to reduce concentration,
increase contact time, consequently reduce frequency
of application and risk of systemic and ocular side ef-
fects®?. The present study investigates ocular hy-
potensive effect and systemic side effects of 0.1%
timolol eye gel once daily compared to 0.5% timolol
eye drop twice daily in patients with chronic angle-
closure glaucoma.
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Material and Method

The present study was a prospective, ran-
domized, investigator-masked, two period-crossover
study in chronic angle-closure glaucoma patients with
each drug tested for a six-week period. The Siriraj Insti-
tutional Review Board approved the present study in
accordance with principle articulated in the Declara-
tion of Helsinki. Each patient provided written informed
consent prior to participation.

Inclusion Criteria

The enrolled patients were 18 years or older
diagnosed with unilateral or bilateral primary angle-
closure glaucoma. Angle-closure glaucoma was defined
as either visual field defect or glaucomatous optic neu-
ropathy in association with elevated intraocular pres-
sure and anterior chamber angle grade 0-1 by Shaffer
grading system for at least 180 degrees on gonios-
copy. Iridotomy was done prior to the present study at
least 4 weeks. Best corrected visual acuity was 20/200
or better. Intraocular pressure (I0P) was between 21-30
mmHg in patients without treatment and after a wash-
out period of topical antiglaucoma medication.

Exclusion Criteria

Exclusion criteria consisted of an open ante-
rior chamber angle, previous intraocular surgery and
laser therapy other than laser iridotomy, advanced glau-
comatous optic neuropathy or visual field defect, ocu-
lar inflammation or infection within 3 months of the
present study, previous hypersensitivity to benzalko-
nium chloride or timolol and other abnormal ocular con-
ditions. Patients with a history of asthma, chronic ob-
structive pulmonary disease, congestive heart failure,
use of systemic medication which affected 10P includ-
ing adrenergic agonists, calcium channel blockers, car-
bonic anhydrase inhibitors, angiotensin converting
enzyme inhibitors and angiotensin Il receptor blockers
were excluded. Pregnant and childbearing women were
also excluded.

Procedures

All patients had a screening visit to assess
eligibility prior to the baseline visit. All current ocular
hypotensive therapy was discontinued. Washout pe-
riod consisted of 4 weeks for prostaglandins, 3 weeks
for B antagonists, and 2 weeks for adrenergic drugs,
cholinergic drugs and topical carbonic anhydrase in-
hibitors. The baseline examination and the follow up
assessment were carried out by the masked examina-
tion doctor (A.M. and P.L.). The allocation code was
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opened by the research nurse who scheduled the pa-
tient to each drug group. At the baseline visit, patients
were randomized by random number table into groups
receiving 0.5% timolol eye drop twice daily or 0.1%
timolol eye gel in the morning in the first treatment
period. After three-week washout period, patients were
evaluated for baseline prior to reversal of treatment in
the second treatment period. Patients previously re-
ceived 0.5% timolol eye drop were switched to 0.1%
timolol eye gel and patients previously received 0.1%
timolol eye gel were switched to 0.5% timolol eye drop.
Patients were asked to bring the present study medica-
tion on visiting date and instil it after IOP measurement
at9am.

The present study comprised of seven visits:
pre-study visit, baseline visit for period 1, second and
sixth week visit of treatment period 1, baseline visit for
period 2, second and sixth week visit of treatment pe-
riod 2. Deviation of up to one week for baseline visits
and four days for the remaining visits was accepted.
Pre-study visit included ocular and medical history,
visual acuity tested by Snellen chart, intraocular pres-
sure measurement by Goldmann applanation tonom-
etry, slit-lamp biomicroscopy, gonioscopy;, dilated fun-
dus examination, resting pulse and blood pressure
measurement. Automated perimetry was performed with
a Humphrey Field Analyzer (30-2; Humphrey Instru-
ments, Inc, San Leandro, California), if not performed
within 6 months.

Examination for every study visit included
intraocular pressure measurement by Goldmann appla-
nation tonometry (Haag-Streit, Bern, Switzerland) at 9
am before instilling the study medication, 11 am and 3
pm, visual acuity, slit-lamp biomicroscopy, resting pulse
rate and blood pressure measurement. Deviation of half
an hour was accepted for tonometry at 9 am, 11 am and
3 pm. Any changes in ocular finding, systemic medica-
tion and adverse events were recorded at the end of
each treatment period (Fig. 1).

The present study timolol eye drop was
timolol maleate 0.5% (Timoptol, Merck, West point, PA,
USA), administered twice daily at 9 am and 9 pm. The
present study timolol eye gel was 0.1% timolol eye gel
(Nyolol eye gel, Novartis, Duluth, GA, USA), adminis-
tered at 9 am.

Statistical Analysis

T-test or Mann-Whitney U test for period ef-
fect and carry-over effect was used to test mean IOP,
mean IOP change from baseline, blood pressure change
and heart rate change. 0P change from baseline was

S117



Informed consent and recruitment

Exclusion criteria
POAG
2, Previous ocular surgery

Inclusion criteria

1. PACG 1

2. Baseline IOP between
21-30 mmHg at any

Enrollment

3. Advanced glaucoma,
time point other ocular

3. VA 20200 or better inflammation

4. Systemic
contraindications to the

use of timolol

| Randomization by random number table |

|
I |

0.1% timolol eye gel 0.5% timolol eye drop

Intervention

for 6 weeks for 6 weeks

| Wahout period for 3 weeks |
0.5% timolol eye drop
for 6 weeks

0.1% timolol eye gel

for 6 wesks

| Statistical analysis |

[
[ |

Primary outcome Secondary outcome

Amlyas

* Mean IOP at each visit
*  Mean [IOP change
from baseline

o Sveemic side effect
- Blood pressure, heart rate
+  Ocular side effect

Fig. 1  Flow plan of the study protocal

defined as mean IOP at second and sixth week minus
mean 10P baseline of the same treatment period. A p-
value of 0.05 or less was considered statistically sig-
nificant.

Results

Twenty two patients (30 eyes) were enrolled
in the present study. Of the 5 patients who were ex-
cluded, three patients were lost to follow-up from the
first visit, one patient had IOP less than 21 mmHg after
washout period and one patient in 0.5% timolol eye
drop first treatment group required cessation of treat-
ment due to bradycardia after starting medication. Sev-
enteen patients (25 eyes) completed the 15-week study
of the two periods. Demographic data including age,
sex and previous ocular medication are shown in Table
1. Twenty-five eyes were included in statistical analy-
sis for IOP.

Intraocular Pressure

Mean baseline 10P of 0.5% timolol eye drop
group was greater than 0.1% timolol eye gel group at 9
amand 11 am and lower at 3 pm but there was no statis-
tically significant difference (p>0.05) (Table 2). Diurnal
IOP measured at baseline, week 2 and week 6 are shown
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Table 1. Demographic data of enrolled 17 patients (25 eyes)

Characteristics

Age (years)
Mean + SD 62.8 + 8.6
Range 42-78
Gender
Male 2 (11.8%)
Female 15 (88.2%)
Side (eye)
Right 13 (52%)
Left 12 (48%)
Previous ocular medication (eyes)
Beta-blocker 22
Beta-blocker and sympathomimetic 2
Alpha-agonist 1

in Fig. 2 and 3. Both medication significantly reduced
IOP at all time point compared with baseline (p <0.001).
From Table 2, 0.5% timolol eye drop reduced IOP greater
than 0.1% timolol eye gel at 9 am and 11 am of week 2
and week 6. In contrast with the lowering effect at 3 pm,
0.1% Timolol eye gel lowered IOP more than 0.5% timolol
eye drop at both weeks.

The mean IOP change from baseline of week 2
and 6 at 9 am, 11 am and 3 pm are shown in Table 2. At
9 am (trough) the mean IOP change ranged from 1.93 to
2.51 mmHg in 0.1% timolol eye gel group compared to
the mean IOP reduction of 3.27 to 3.68 mmHg in 0.5%
timolol eye drop group. There was no statistically sig-
nificant difference between the two groups. (p = 0.390,
0.421, p-for carry-over effect=0.615, 0.704 respectively).
At 11 am (2 hours after instillation in which the peak
effect was expected) the mean IOP decrease were 1.91
to 2.51 mmHg for 0.1% timolol eye gel group and 3.60 to
4.21 mmHg in 0.5% timolol eye drop group and there
was also statistically insignificant difference. However,
at 3 pm of both weeks, the mean 10OP change of 2.73 to
3.03 mmHg in 0.1% timolol eye gel group was higher
than the mean change of 2.47 to 2.84 mmHg in 0.5%
timolol eye drop group but there was no statistically
significant difference (p = 0.845, 0.873, p for carry-over
effect = 0.891, 0.829 respectively). The percentage of
IOP reduction of 0.5% timolol eye drop was 17.42%
(SD =10.46) and that of 0.1% timolol eye gel was 12.33%
(SD = 12.48) at trough. However, the highest IOP re-
duction of 0.1% timolol eye gel was 14.38% (SD = 7.63)
at 3 pm of week 6 and the maximum IOP reduction of
0.5% timolol eye drop was 19.82% (SD =12.45) at 11 am
of the same week.
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Ocular Side Effects
There was no significant ocular side effect.
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Fig. 3  Diurnal IOP at baseline, second week and sixth

week of 0.5% timolol eye drop group

Systemic Side Effects

Mean blood pressure and mean heart rate at 9
am of baseline and 9 am of sixth week are shown in
Table 3. Systolic blood pressure after treatment with
timolol eye gel and diastolic blood pressure after treat-
ment with timolol eye drop were significantly decreased
from baseline (p = 0.006 and p = 0.026 respectively).
But it was clinically insignificant. Mean blood pres-
sure and mean heart rate before and after instillation of
both drugs at sixth week are shown in Table 3. There
was no significant change of blood pressure and heart
rate after treatment in both groups.

Discussion

The present study demonstrated that both
medications significantly reduced IOP comparing with
baseline IOP at all time point of second and sixth week.
Timolol 0.5% eye drop reduced IOP greater than 0.1%
timolol eye gel at 9 am and 11 am of week 2 and 6. The
highest mean 10OP change of 0.5% timolol eye drop
group was at 11 am of both weeks. This supported the
IOP-lowering effect of timolol eye drop which peaks at
2 hours after instillation and lasts for at least 12-24
hours®'?, While 0.1% timolol eye gel may require a
longer time to develop the peak response as the au-
thors found in the present study, the IOP-lowering ef-
fect of 0.1% timolol eye gel at 3 pm was higher than that
at 11 am. The present study observed the trough of the
time-response curve by measuring IOP at 9 am, 12 hours
after the last dose of timolol eye drop and 24 hours
after the last dose of timolol eye gel and the peak of the

Table 2. Comparison between mean intraocular pressure (IOP) and mean IOP change from baseline at 9 am., 11 am. and 3

pm. of week 2 and week 6 in mmHg. (n=25)

Timolol eye gel Timolol eye drop p-value*
mean (SD) mean change (SD) mean (SD) mean change (SD)
9 am. (trough)
baseline 20.81 (3.22) 20.97 (2.42)
week 2 18.88 (2.29) -1.93 (2.61) 17.71 (3.10) -3.27 (3.36) 0.390
week 6 18.31 (3.00) -2.51 (2.09) 17.31 (2.62) -3.68 (2.37) 0.421
11 am. (peak)
baseline 19.87 (3.48) 20.76 (2.31)
week 2 17.96 (2.09) -1.91 (2.55) 17.16 (2.90) -3.60 (3.58) 0.294
week 6 17.36 (2.47) -2.51 (2.66) 16.55 (2.65) -4.21 (2.75) 0.157
3 pm.
baseline 20.41 (2.75) 20.13 (2.41)
week 2 17.68 (3.22) -2.73 (2.34) 17.67 (2.44) -2.47(2.98) 0.845
week 6 17.39 (2.01) -3.03 (1.79) 17.29 (2.59) -2.84 (2.71) 0.873
* p-value for the period effect of mean IOP change
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Table 3. Comparison of blood pressure and heart rate at 9 am baseline to 9 am of week 6 and 9 am of week 6 (preinstillation)

to 3 pm of week 6 (6 hours postinstillation) (n=17)

9 am baseline 9 am of week 6 p-value* 3 pm of week 6 p-value*
mean (SD) mean (SD) mean (SD)
Syslolic blood pressure
Timolol eye gel 138.82 (19.00) 128.82 (15.76) 0.006 123.53 (9.96) 0.095
Timolol eye drop 131.76 (15.10) 127.29 (34.12) 0.284 132.94 (15.32) 0.531
Diastolic blood pressure
Timolol eye gel 81.76 (10.15) 78.82 (8.57) 0.461 77.06 (6.86) 0.422
Timolol eye drop 81.18 (6.97) 78.82 (7.81) 0.026 79.41 (8.27) 0.791
Heart rate
Timolol eye gel 77.06 (7.22) 76.41 (4.89) 0.423 75.53 (6.76) 0.608
Timolol eye drop 78.00 (9.19) 75.18 (7.38) 0.567 76.24 (6.89) 0.438

* = p-value for comparison 9 am baseline to 9 am of week 6

P# = p-value for comparison 9 am of week 6 to 3 pm of week 6

time-response curve was observed at 11 am. At week 2
and 6, diurnal 10P postinstillation of 0.1% timolol eye
gel was around 1 mmHg reduction from pre-instillation
I0OP at 9 am, while diurnal IOP of 0.5% timolol eye drop
was less than 1 mmHg changed. This supported the
prolonged half-life of timolol, which was reported about
35 hours®2,

The IOP reduction of timolol solution is about
20-25% from baseline @2, In the present study, the IOP
reduction of 0.5% timolol eye drop was 19.82% but the
IOP reduction of 0.1% timolol eye gel was 14.38%.
These results may be due to the carry-over effect of
the previous medication used if the washout period
was not long enough since the present study was de-
signed to be a two-period cross-over study. For this
reason, the authors tested the carry-over effect at all
time point and found that there was no statistically
significant difference. The present study demonstrated
that timolol eye gel and eye drop had a similar IOP
lowering effect in chronic angle closure glaucoma pa-
tients, in the same way as in primary open angle glau-
coma and ocular hypertension patient®. The present
study also confirmed the previous study that timolol
eye drop administerd twice daily and timolol eye gel
administerd once daily are comparable in lowering 1OP
over a 24-hour period®V,

Timolol maleate is a nonselective B-adrener-
gic receptor antagonist and well known for its ocular
hypotensive efficacy by reducing aqueous humor pro-
duction®®1, Timolol 0.5% solution was the first clini-
cally available topical beta-blocker and has remained a
mainstay of glaucoma therapy. Twice-daily dosing is
the recommended regimen. Timolol maleate ophthalmic
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gel forming solution was introduced later which com-
bines timolol maleate with a unique hydrogel vehicle, a
highly purified heteropolysaccharide®®. This
bioadhesive gel extends precorneal contact time, in-
creases local ocular absorption, decreases risk of ben-
zalkonium chloride, decreases amount of timolol avail-
able for systemic absorption via nasolacrimal duct and
allows once-daily dosing®. Timolol eye gel had more
preference than timolol solution from its once-daily
dosing in one study®,

Ocular toxicity of timolol are usually mild such
as burning, conjunctival hyperemia and superficial
punctate keratopathy®!?. The authors observed no
ocular toxicity in both groups. While systemic toxicity
of timolol includes slow pulse rate, decrease blood pres-
sure and syncope®-!?. The authors found decreased
systolic blood pressure after week 6 of timolol eye gel
use and decreased diastolic blood pressure after week
6 of timolol eye drop use, but there was no clinical
significance.

The major limitations of the study were the
small sample size, short duration of the follow up time
and probably short duration of washout period. These
make it difficult to conclude that 0.1% timolol eye gel is
comparable to 0.5% timolol eye drop in lowering IOP
over a 24-hour period. However, on the basis of the
result of the present study, further study about an
equivalence or non-inferiority of the ocular hypoten-
sive efficacy should be done.

Conclusion

Timolol 0.5% eye drop and 0.1% timolol eye
gel effectively reduced IOP in chronic angle-closure
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glaucoma patients. There was no statistically signifi-
cant difference in the ocular hypotensive effect of both
drugs. Ocular side effect was not found in the present
study. Systemic side effect, the blood pressure change,
was clinically insignificant.
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