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Abstract

Purpose To compare the additive intraocular

pressure (IOP)-lowering effects of latanoprost

0.005% and brimonidine 0.2% in primary

open-angle glaucoma (POAG) patients

uncontrolled on fixed combination of timolol

0.5% and dorzolamide 2% (TDC) alone.

Methods In all, 80 eyes of 80 POAG patients

with IOP inadequately controlled by TDC were

randomly assigned to receive either latanoprost

0.005% or brimonidine 0.2%. IOP measurements

were recorded at 1000 (peak effect) and 1600

(trough effect) on day 0 (baseline) and at 1 and 3

months. At each stage and time point, the mean

IOP reductions from baseline were evaluated

for both groups, and success rates (minimum

15% reduction) were determined.

Results At baseline, the mean peak/trough

IOPs with TDC were 20.2/21.6 and 19.9/

21.4mmHg in latanoprost and brimonidine

groups, respectively. LatanoprostþTDC

reduced the mean peak/trough IOP by 4.4/3.4

and 5.2/3.5mmHg at 1 and 3 months. The

corresponding values for brimonidineþTDC

were 3.9/2.9 and 4.6/2.9mmHg. Each of these

results represented a significant reduction

from baseline (Po0.001 for all); however, the

groups’ peak/trough reductions from baseline

did not differ at any time point (P40.05 for

all). With the latanoprostþTDC combination,

the peak/trough success rates at 1 and 3

months were 76.3%/42.1% and 77.1%/40%. The

corresponding values with the

brimonidineþTDC combination were 71.8%/

41% and 77.7%/41.7%. There were no

significant differences in the groups’ success

rates at any time point (P40.05 for all).

Conclusion Addition of latanoprost 0.005% or

brimonidine 0.2% to TDC reduces peak/trough

IOPs significantly and the effects of these

combinations are comparable.
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Introduction

Increased intraocular pressure (IOP) can lead to

glaucoma, and lowering the IOP is the only
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treatment that effectively preserves optic nerve function

and stability of visual fields.1–5 Recent clinical trials, such

as the Advanced Glaucoma Intervention Study (AGIS)

and the Collaborative Initial Glaucoma Treatment Study

(CIGTS), have shown the importance of lowering IOP for

preventing progression of visual field loss.3,4 The results

of the AGIS showed that visual field progression was

prevented only in eyes that had IOP lower than

18 mmHg at all clinical visits during the study.3 The

results also revealed that IOP values in the low teens

were required to prevent further damage in eyes with

advanced glaucoma damage.3 In line with these findings,

5-year data from the CIGTS showed the importance of

lowering IOP aggressively from baseline to prevent

visual field damage.4 These two studies demonstrated

that the target pressures required to prevent visual field

progression are lower than previously thought.

In recent years, the monotherapy options for medical

treatment of glaucoma have increased with the

development of many new drugs; however, most

patients require more than one pharmacological agent to

lower IOP aggressively and achieve target pressures.

Today, we can combine topical carbonic anhydrase

inhibitors, prostaglandin analogues, and a2-adrenergic

agonists with IOP-reducing agents that are already

widely used, such as beta-blockers. This has substantially

increased the number of possible combinations and the

efficacy of treatment.

Combinations of two IOP-lowering agents with

different mechanisms of action are often used to treat

glaucoma patients whose target pressures cannot be

achieved with monotherapy. In some cases where target

pressures cannot be reached with two-drug

combinations, it is acceptable to attempt adding a third

drug as a last step before surgery. Efficacy, safety, and

compliance are the most important aspects of these

multi-drug therapies.

Cosopts (timolol 0.5% and dorzolamide 2%, Merck

Sharp & Dohme, NJ, USA) is a commercially available

fixed combination of timolol and dorzolamide (TDC).

This product requires instillation of fewer drops per day

than the concomitant use of the two drugs separately.

Such combination agents are more convenient to use, and

thus may increase patient compliance with therapy.

Combining TDC with other agents may be a good three-

drug option in patients whose target pressures cannot be

reached with other treatments. Using the combination

drug TDC with a second agent, such as latanoprost or

brimonidine, requires only two bottles of medicine and

three or four drops per day, which is a fairly simple and

practical regimen.

Latanoprost and brimonidine have both become

popular among ophthalmologists for combination

purposes, and as effective monotherapies.6–11

Latanoprost is a PGF2a agonist that increases aqueous

outflow mainly via the uveoscleral pathway.8–10,12 It is

advantageous as a complement to timolol or

dorzolamide because of its additive effect with these

agents.6–8 Brimonidine is a highly selective a2-adrenergic

agonist that has also proven to be an effective IOP-

lowering agent when used as an adjunct to other

antiglaucoma medications.8,10,13

The aim of this study was to investigate the efficacy

and safety of latanoprost and brimonidine as adjunctive

therapies for glaucoma patients whose IOP is

uncontrolled by TDC.

Materials and methods

This prospective, open-labelled, randomized study was

designed to compare the efficacy and safety of

latanoprost 0.005% (Xalatans, Pharmacia & Up-John,

Kalamazoo, Michigan, USA) and brimonidine 0.2%

(Alphagans, Allergan, Irvine, California, USA) as

adjunctive therapies with a fixed timolol 0.5% and

dorzolamide 2% combination (Cosopts) in primary

open-angle glaucoma (POAG). The investigation

included 80 eyes of 80 Caucasian patients who were

diagnosed with POAG and whose IOPs were

inadequately controlled by TDC. The study was

conducted between November 2001 and June 2002 and

the patients were recruited in a continuous cohort after

approval from the hospital ethics committee. In each

patient, data from the eye with the highest IOP at

baseline were recorded for analysis. All the subjects had

been on TDC for 4–6 months when they were enrolled in

the study. The patients had all been treated with beta-

blockers or prostaglandin analogues in the past, and had

switched to TDC treatment because of insufficient IOP

control with monotherapy. Only eyes that had at least

two IOP measurements higher than 18 mmHg in the 3

months prior to the study were included. For each of

these individuals, this IOP level exceeded the target

pressure that was set for the patient by their physician.

The exclusion criteria were as follows: known

sensitivity/allergy to the study medications; IOP higher

than 34 mmHg; women of childbearing age, presence of

any uncontrolled systemic disease; any corneal surface

abnormality, best-corrected visual acuity worse than 20/

200; history of previous laser surgery or intraocular

surgery; any type of closed-angle or secondary

glaucoma. Patients with cup-to-disc ratio greater than 0.8

and patients with only one eye were not included in this

study.

IOPs were measured with a Goldmann applanation

tonometer twice daily at 1000 (730 min) and 16:00

(730 min) h on day 0 (baseline) and at the end of 1 and 3

months. At least three measurements were taken by an
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examiner who was unfamiliar with the patients and the

groups in which they were assigned. The average of

these three measurements was then recorded for analysis

in each case. All measurements were taken by the same

examiner with the same equipment throughout all the

study period.

Patients were maintained on their pre-established

twice-daily regimen of TDC (0730/1930 h) and were

randomly assigned treatment with either latanoprost

once daily (2200 h) or brimonidine twice daily (0800/

2000 h).

The 1000 h IOP records were chosen to reflect the peak

drug efficacy for dorzolamide (2.5 h after dose was

administered), brimonidine (2 h after dose), and

latanoprost (12 h after dose). The 1600 h IOP

measurements were taken to reflect the trough drug

efficacy for dorzolamide (approximately 8.5 h after dose),

brimonidine (8 h after dose), and latanoprost (18 h after

dose).

Effective therapy was defined as a minimum 15%

reduction from baseline IOP. Each patient was asked

about any adverse effect(s) without emphasizing on

particular symptom at each visit. Every visit included

measurement of visual acuity levels with Snellen chart,

biomicroscopic evaluation of the anterior segment

structures, and fundus for each patient. The therapy was

discontinued if the complaint(s) of the patient or

physician’s assessment(s) were severe and thought to be

drug-related.

Statistical analyses were performed using a

commercially available statistical package (SPSS for

Windows v9.0, SPSS Inc., Chicago, USA). Two-tailed,

independent-sample t-tests were used to compare the

differences between baseline and treatment IOP in the

two study groups. Paired-sample t-tests were used to

compare findings within the treatment groups. w2 testing

was used to analyse nominal and dichotomous data,

including numbers of eyes with 15% or more IOP

reduction, patient sex, and number of eyes with adverse

events. The study had 64% power to detect a difference

of 1 mmHg and had 99% power to detect a difference of

2 mmHg for IOP change from baseline for both study

groups, assuming a standard deviation of 2.65, a¼ 0.05,

two tailed. The power was 87% to detect a difference of

1 mmHg between the two study groups, assuming a

standard deviation of 2.05, a¼ 0.05, two tailed.

Results

During the first month, two patients in the latanoprost

group and one patient in the brimonidine group were

removed from the study. Another three patients from the

latanoprost group and three patients from the

brimonidine group were removed from the study before

the end of 3 months. Of the five latanoprost cases, two

eyes were lost to follow-up and treatment was

discontinued due to adverse events in three eyes. Of the

four brimonidine cases, two were lost to follow-up and

treatment was discontinued due to adverse events in two

eyes. Due to these changes, 1-month follow-up data were

available for 38 eyes in the latanoprost group and 39 eyes

in the brimonidine group, and 3-month follow-up data

were available for 35 eyes in the latanoprost and 36 eyes

in the brimonidine group. Table 1 summarizes the

demographic data for the 80 total patients who were

initially enrolled in the study.

The main outcome measures of this study were the

IOP-lowering effects of latanoprost and brimonidine as

adjunctive therapy to TDC. There were no significant

differences between the mean baseline IOP

measurements in the two study groups (P¼ 0.808 for

1000 h and P¼ 0.810 for 1600 h measurements). In both

groups, the mean IOP reductions at the 1000 h visits were

greater than the reductions observed at the 1600 h visits.

Table 2 summarizes the mean IOP values and mean

IOP reductions for both groups. After 1 month of

treatment, the mean IOP reduction at the 1000 h visit was

4.4 mmHg (21.8%) in the latanoprost group and

3.9 mmHg (19.6%) in the brimonidine group. These were

both significant decreases from the groups’ baseline

mean IOPs (Po0.001 for both). After 3 months of

treatment, the mean IOP reduction at the 1000 h visit was

5.2 mmHg (25.7%) in the latanoprost group and

4.6 mmHg (23.1%) in the brimonidine group (Figure 1).

These were also significant reductions from the baseline

mean IOPs (Po0.001 for both).

Comparison of the 1000 h findings at each of the three

stages (baseline, 1 month, 3 months) revealed no

significant differences between the groups with respect

to mean IOP values or mean IOP reductions from

baseline (mean IOP values: P¼ 0.695 for 1 month and

P¼ 0.491 for 3 months; mean IOP reductions: P¼ 0.565

for 1 month and P¼ 0.367 for 3 months).

For the 1600 h visits, after 1 month of treatment the

mean IOP reduction was 3.4 mmHg (15.7%) in the

Table 1 Patient characteristics at baseline in the two groups

Latanoprost
(n¼ 40)

Brimonidine
(n¼ 40)

P

Age (years) (Mean7SD) 56.9711.6 58.678.3 0.439
Sex 0.496

Male 45% (18/40) 37.5% (15/40)
Female 55% (22/40) 62.5% (25/40)

Iris colour 0.562
Brown 70% (28/40) 77.5% (31/40)
Green 15% (6/40) 7.5% (3/40)
Blue 15% (6/40) 15% (6/40)

Pressure-lowering effects of latanoprost vs brimonidine
A Akman et al

147

Eye



latanoprost group and 2.9 mmHg (13.6%) in the

brimonidine group. Both these decreases were

statistically significant (Po0.001 for latanoprost,

P¼ 0.003 for brimonidine). After 3 months of treatment,

the mean IOP reduction at the 1600 h visit was 3.5 mmHg

(16.2%) in the latanoprost group and 2.9 mmHg

(13.6%) in the brimonidine group (Figure 2). These

reductions were also statistically significant (Po0.001

for both).

Comparison of the 1600 h findings at each of the three

stages (baseline, 1 month, 3 months) revealed no

significant differences between the groups with respect

to mean IOP values or mean IOP reductions from

baseline (mean IOP values: P¼ 0.595 for 1 month and

P¼ 0.543 for 3 months; mean IOP reductions: P¼ 0.650

for 1 month and P¼ 0.494 for 3 months).

After 1 month of therapy, 29 of 38 (76.3%) eyes in the

latanoprost group and 28 of 39 (71.8%) eyes in the

brimonidine group showed at least 15% IOP reduction

with the adjunctive therapy at the 1000 h visit. In

contrast, only 16 of 38 (42.1%) eyes in the latanoprost

group and 16 of 39 (41.0%) eyes in the brimonidine group

showed this degree of change at the 1600 h visit. There

were no significant differences between the groups with

respect to the numbers of eyes with 15% or more IOP

reduction after 1 month (P¼ 0.651 for 10:00, P¼ 0.923 for

1600 h).

After 3 months of treatment, 27 of 35 (77.1%)

eyes in the latanoprost group and 28 of 36 (77.7%)

in the brimonidine group showed a minimum 15% IOP

reduction at the 1000 h visit. At the 1600 h visit, 14

of 35 (40%) eyes in the latanoprost group and 15 of

36 (41.7%) eyes in the brimonidine group showed this

degree of change. There were also no significant

differences between the groups with respect to the

numbers of eyes with 15% or more IOP reduction

Table 2 Mean IOP values (mmHg) and mean IOP reductions at baseline and after 1 and 3 months of latanoprost or brimonidine
adjunctive therapy

Group Baseline Treatment Change Percent change

1000 h
1 month Latanoprost 20.272.3 15.872.2 4.472.5 21.8711.6

Brimonidine 19.972.9 16.071.4 3.972.9 19.6714.3
3 months Latanoprost 20.272.3 15.072.4 5.272.5 25.7711.6

Brimonidine 19.972.9 15.372.2 4.672.5 23.1711.4
1600 h

1 month Latanoprost 21.673.2 18.271.9 3.472.7 15.7710.5
Brimonidine 21.472.2 18.572.4 2.972.5 13.6710.7

3 months Latanoprost 21.673.2 18.171.7 3.573.3 16.2711.3
Brimonidine 21.472.2 18.572.2 2.972.6 13.6711.1

Figure 1 Reduction in IOP from baseline for the 1000 h visits at
1 and 3 months of treatment in the two study groups. Error bars
indicate standard deviation.

Figure 2 Reduction in IOP from baseline for the 1600 h visits at
1 and 3 months of treatment in the two study groups. Error bars
indicate standard deviation.
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after 3 months (P¼ 0.949 for 1000 h, P¼ 0.886 for

1600 h).

Both brimonidine and latanoprost were well tolerated

throughout the study period, and few side effects were

noted. As mentioned above, three patients in the

latanoprost group and two in the brimonidine group

withdrew from the study due to adverse events. Ocular

itching and burning was the reason for discontinuation

in two patients in the latanoprost group and one patient

in the brimonidine group. The other case in the

latanoprost group developed diffuse redness, tearing,

and swollen lids. One patient in the brimonidine group

developed eye irritation with diffuse punctate

epitheliopathy. There was no significant difference

between rates of adverse events in the groups (P¼ 0.644).

There were no systemic side effects in either group

during the study period.

Discussion

This study compared the efficacy and safety of

latanoprost and brimonidine as adjunctive therapies for

POAG patients whose IOPs were not adequately

controlled by TDC. Each of the groups showed

significant reductions from baseline mean IOP at both

visit times at 1 and 3 months; however, the group results

were similar at each visit time during each stage of the

study.

Success rate was defined as the number of eyes that

achieved a minimum 15% IOP reduction, and both study

groups had high success rates at the 1000 h visits.

However, the success rates at the 1600 h visits were

nearly half those observed at the morning. We consider

both these combinations efficacious in the morning

hours, but the lower success rates in the afternoon

indicate that the dosing regimens would have to be

changed to increase the efficacy. Both regimens include

three different pharmacological agents, so finding the

optimal dosing regimen that covers all 24 h of the day is a

complex task. Shifting the second dose of TDC to an

earlier hour, around 1600 h, may help achieve better

diurnal IOP control.

Our main focus in this study was to determine

whether three-agent combination therapy is logical,

effective, and safe in POAG patients. This also raises a

second question: What is the number of drugs can be

used as maximal medical therapy for glaucoma, and do

fixed combinations like TDC (Cosopts) count as one or

two agents when totalling the number of drugs used?

Today, the target IOP values in glaucoma management

are lower than they were in the past. This, combined with

the potential for serious complications in filtering

surgery, is why multi-agent combinations are still

popular. Over the past 15 years, three new classes of IOP-

lowering drugs (topical carbonic anhydrase inhibitors,

a2-mimetics, and prostaglandin analogs) have been

added to the armamentarium for antiglaucoma therapy.

There are many pharmacological agents in these drug

classes, and this has led to tens of new drug

combinations. Currently, there is little or no clinical

information available concerning the efficacy and safety

of most of these combinations.

When using multi-agent therapies, the three important

issues are efficacy, safety, and compliance. Both

combinations in this study were safe and effective at

lowering IOP. Also, since both combinations require

patients to carry only two bottles and instill four or less

drops per day, one would not expect compliance to be

any different from a regimen involving two separate

drugs. Both of these combinations require fewer drops

per day compared to the once-popular combination of

beta-blocker twice daily and pilocarpine four times daily.

Further studies would be required to determine patient

compliance for the combinations used in our study.

One possible source of bias in this study is the different

number of bottles that the patients have been given. The

physician who took the IOP measurements was masked

to the group assignments, but the unequal instillation

schedule between the groups as the use of two-drugs BID

in one group and one-drug BID and one-drug QHS in the

other prevents this study to be double-masked. A

possible design would be masking the bottles by giving

two bottles for each patient (each bottle containing the

same medication in brimonidine group, and one bottle

containing latanoprost and one bottle containing saline in

the latanoprost group). On the other hand, this would

increase the number of bottles used (three bottles for each

patient) in the study, whereas we were testing the

efficacy of two-bottle therapy and may cause a decrease

in compliance of the patients.

Many previous investigations have demonstrated the

effect of adding timolol to dorzolamide.14–16 Both these

agents reduce IOP via the same mechanism of action,

namely, inhibition of aqueous formation. It has been

speculated that the both drugs we tested in this study

have additive IOP-lowering effects with TDC, since

latanoprost increases uveoscleral outflow and

brimonidine increases the outflow and also inhibits

aqueous formation.

Simmons and Samuelson8 have examined the additive

IOP-lowering effects of latanoprost and brimonidine as

third-line adjunctive agents. In that report, 20 patients

who were receiving a non selective beta-blocker and

dorzolamide were randomly assigned to receive either

brimonidine or latanoprost. At the peak drug effect, the

IOP reductions were 5.29 mmHg (26.8%) for the

brimonidine group and 3.21 mmHg (17.2%) for the

latanoprost group. Defining success as 15% or more IOP
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reduction, the authors observed 84.6% success in the

brimonidine group and 66.7% in the latanoprost group.

There were no significant differences between the two

groups with respect to mean IOP reduction and success

rates, but the success rate was lower in the patients who

received latanoprost. These results are comparable to our

IOP reductions and success rates at the 1000 h visit times

(peak drug effect). However, as described above, we

noted lower drug effectiveness in the afternoon hours.

Unfortunately, the corresponding data were not reported

in the previous study. In contrast to our observations, the

authors noted that 10% of the patients in the brimonidine

group had to be removed from the study due to allergic

adverse effects.

In another study that involved 52 eyes, latanoprost was

added to a regimen of timolol and dorzolamide, and a

diurnal tension curve for each eye was derived from four

IOP measurements per day.17 The mean maximum IOP

reduction at peak drug effect was 16.6%, and the mean

minimum IOP reduction at trough drug effect was 15.6%.

In the same report, 36.3% of the eyes achieved IOP

reduction greater than 20%, and 59% reached IOP

reduction greater than 10%.

The above results and the findings of our investigation

demonstrate that the triple-agent combined therapies

that we used have additive IOP-lowering effects, yield

good success rates especially at peak drug effect, and

produce no significant side effects. However, the success

rate (min. 15% IOP reduction from baseline level) drops

to 40% level at 1 and 3 months in both treatment groups

at 1600 h measurements that reflected the trough drug

efficacy. This result confirms the previous studies that

documented the importance of multiple IOP

measurements during the day in order to evaluate the

effectiveness of a specific glaucoma therapy.18–21 Another

important outcome of this result is that only in a short

percentage of patients (40%), the drug combinations that

we tested were effective throughout the whole 24-h

interval. In the remaining 60% of patients whose IOP

were uncontrolled with a three-agent combination,

probably, surgery should be the next step in treatment.

Single-agent therapy is always the first strategy used in

patients with glaucoma. No second agent is added until

monotherapy with different classes of agents has been

attempted and has failed. The second step in the

treatment algorithm is two-agent combination therapy,

and fixed combinations are good choices for this

purpose. When target IOPs cannot be achieved with a

two-drug regimen, adding a third agent can be tried as a

last step before surgery. To avoid increasing the number

of solutions that need to be instilled each day, a fixed-

combination drug such as TDC can be combined with an

a2-mimetic or a prostaglandin analogue. Our study

results show that latanoprostþTDC and

brimonidineþTDC are both effective and safe

combinations. In order to select the best combination

regimen, each patient must be evaluated individually,

especially with respect to risk factors for side effects. In

addition, the effectiveness of the chosen combination

must be monitored closely.
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