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Achieving Low Target Pressures With Today’s
Glaucoma Medications
Louis Cantor, MD
Indiana University School of Medicine, Indianapolis, Indiana, USA
Abstract. In the 21st century there are more highly effective medical management options for glaucoma than there were in the 1980s and 1990s. In deciding among them, the clinician’s challenge is to
select what is clinically relevant from the large amounts of available data. In evaluating different drugs
the clinician must consider not only the mean intraocular pressure (IOP) of a trial population, but also
the percentage of patients achieving clinically relevant low IOPs. The consistency of IOP control
throughout the day and night is also critical. Other factors such as safety, tolerability, and cost-effectiveness must also be kept in mind, with an awareness (both in human and monetary terms) of the cost of
treatment failure. This overview concludes that newer medical regimens for IOP lowering address efficacy and safety issues more successfully than older ones. (Surv Ophthalmol 48 [Suppl 1]: S8–S16,
2003. © 2003 Elsevier Science Inc. All rights reserved.)
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coma patients as early as 1856, although by 1868 his
research showed that the drug did more harm than
good. Miotics, such as eserine and pilocarpine, were
first introduced as glaucoma therapy in 1864 and
1875, respectively. Epinephrine was used in glaucoma patients as early as 1899. Cholinergic agents
(introduced in the 1940s) were more effective at
lowering IOP than pilocarpine was, but they had
concomitantly more severe side effects. The first systemic carbonic anhydrase inhibitor to be used for
glaucoma, acetazolamide, was introduced in 1954.
The topical beta-blocker timolol maleate became
available in 1978, and the 2-adrenergic agonists,
apraclonidine and brimonidine, were introduced in
1987 and 1996, respectively. New glaucoma medications have been introduced since the late 1990s.
Dorzolamide (Trusopt, Merck, West Point, PA), a
carbonic anhydrase inhibitor, became available in
1995; latanoprost (Xalatan, Pharmacia, Peapack, NJ),

Introduction
A large body of evidence has established the importance of intraocular pressure (IOP) reduction in the
medical management of glaucoma. Other targets for
therapeutic intervention, such as improving the facility of aqueous outflow, improving ocular blood flow,
and direct neuroprotection of retinal ganglion cells,
are under investigation, but IOP lowering remains
the primary goal of all glaucoma treatment strategies.
Recent studies have shown that IOP levels once considered to be safe (near 17 or 18 mm Hg) do not prevent progressive visual field loss in many patients.2
This supports increasingly aggressive efforts to get
IOP as low as safely possible, especially in patients
with severe or rapidly progressing disease.
Physicians have been prescribing IOP-lowering
medications for nearly 150 years.16,50 Von Graefe advocated the use of atropine to lower IOP in glauS8
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a prostaglandin analog, in 1996; the timolol/dorzolamide fixed combination (Cosopt, Merck, West
Point, PA) in 1998; and travoprost (Travatan, Alcon,
Ft Worth, TX), a prostaglandin analog, the timolol/
latanoprost fixed combination (Xalcom, Pharmacia, Peapack, NJ), and bimatoprost (Lumigan, Allergan, Irvine, CA), a prostamide, all in 2001.
With this large armamentarium of IOP-lowering
medications, the challenge is to decide which medication will be most effective with which patient, with
the best side effect profile. This review will discuss
the most clinically relevant criteria for distinguishing
among the available treatment options and how specific medications fulfill these criteria.

Criteria for Evaluating
Glaucoma Medications
In determining which medication would best
meet a patient’s needs, the physician must consider
overall drug efficacy, safety, and tolerability first.
Other issues, however, should also be considered to
a greater or lesser degree depending on the patient.
For example, factors affecting compliance (such as
inconvenient dosing regimens) may be an issue for
some patients. In addition, the ability of a drug to
perform well in different subcategories of patients is
important. In particular, there is evidence that both
surgical and medical treatments are more likely to
fail in patients of African descent than in other patients, leading to higher rates of blindness.3,37,56 Cost
issues should be considered last and carefully because a comparison of direct drug costs may not accurately reflect the comparative overall treatment
costs of drugs with widely different efficacy and
safety profiles.
EFFICACY

Several measures are used to evaluate IOP-reducing
efficacy. The most commonly used benchmark is the
mean IOP decrease in the treated population as a
whole. This number is what the Food and Drug Administration and international agencies use during
the regulatory evaluation of new glaucoma drugs.
This is an important piece of information, but it
does not convey the treatment success and failure
rates associated with each drug, namely, the percentage of patients who do or do not achieve a clinically
beneficial low IOP.
The Ocular Hypertension Treatment Study (OHTS)
demonstrated that lowering IOP by 20% from baseline delays or prevents the onset of glaucomatous
damage in OHT patients.27 The AGIS-7 study demonstrated that patients with an IOP consistently above
17.5 mm Hg over their first three 6-month visits experienced rapidly progressing disease over the subsequent 6 years.2 Clinicians frequently individualize

a desired IOP range as a goal of glaucoma therapy.53
Consequently, studies that report the percentage of
patients who reached several different target pressures allow for a more in-depth comparison of IOPlowering efficacy. In the AGIS-7 study, patients with
IOP consistently 18 mm Hg at every visit over the
6-year follow-up period experienced a mean change
from baseline in visual field defect score close to
zero.2 (A more thorough discussion of the importance of maintaining a low IOP can be found in the
article by Goldberg in this supplement.23)
The degree of IOP control throughout the day
and night is another important indication of drug
efficacy. IOP is known to have a typical circadian
rhythm, with greater than normal fluctuations in
glaucoma patients.6 In a study of 64 patients who
performed home tonometry for 5 days, 88% of glaucoma patients with the widest diurnal variations in
IOP lost visual field over time, compared to 57% of
patients with the narrowest diurnal variation.6 Consequently, the ideal glaucoma medication should
ensure that IOP stays fairly constant throughout a
24-hour period.
SAFETY AND TOLERABILITY ISSUES

Safety and tolerability issues tend to get classified
together under the heading “adverse events,” but it
is more appropriate to consider them separately.
True safety issues, such as the development of cystoid macular edema, cardiopulmonary problems, or
CNS effects, threaten ocular or systemic health and
are obviously important to consider in making a
medication choice. They may be difficult to detect
without great diligence, however, or may not be the
type of problem that the patient or physician would
easily associate with a topical medication. Tolerability issues, such as eye redness, eyelash growth, and
iris color change, are more readily apparent to both
physician and patient and may cause some patients
to request a change in medication. The challenge to
the physician is to educate the patient about the
risks associated with changing to a more tolerable
but potentially less effective medication or a medication with more subtle but potentially more serious
adverse effects.
MECHANISM OF ACTION FOR IOP LOWERING

The magnitude of IOP lowering and overall treatment safety are the most important criteria for
choosing a glaucoma medication, but the underlying mechanism of IOP lowering can also be important.10 The mechanism of action can suggest how
well the medication may be able to control IOP
when the patient is going about his or her daily activities. Mechanism of action is also important to consider in those cases when monotherapy does not
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provide sufficient IOP lowering and a second medication needs to be added.
There are two primary mechanisms for lowering
IOP: decrease the amount of aqueous humor coming into the eye or increase the amount going out. It
is believed that a defect in outflow leads to elevated
IOP and poor IOP control. Some medications decrease the production of aqueous humor whereas
others improve outflow. Aqueous humor flows out of
the eye using two pathways: one that is sensitive to
IOP (the trabecular meshwork pathway) and one
that operates independently of IOP (the uveoscleral
pathway). The trabecular meshwork pathway is important for limiting the effects of transient IOP
spikes that result from normal diurnal fluctuation
and daily activities; consequently, IOP-lowering
drugs that increase aqueous outflow through this
pathway are particularly valuable.10
OTHER CONSIDERATIONS: COMPLIANCE, COST,
AND HIGH-RISK PATIENTS

Factors that contribute to patient compliance with
a treatment regimen include dosing frequency, the
number of drugs prescribed, and the tolerability of
the medication. Financial issues include acquisition
cost, the indirect cost of additional time and resources
to treat adverse events, and the consequences of treatment failure. Physicians also need to consider their
patient’s risk profile. The prevalence of glaucoma is
4.3 times higher in blacks than in nonblacks,54 and
patients of African descent with glaucoma may not
respond as well to surgical or medical treatment,1,37,41
leading to a higher risk of progression to blindness
in blacks.56 Thus, it is important to consider the efficacy of medications by race as well as in the general
population.

Evaluating the Most Commonly Used
Glaucoma Medications
Medications commonly used for glaucoma patients
today include timolol, a non-selective beta-blocker; latanoprost and travoprost, both prostaglandin analogs;
bimatoprost, a prostamide; brimonidine, an 2-agonist;
and the fixed combination of timolol/dorzolamide,
which combines a beta-blocker with a carbonic anhydrase inhibitor in a fixed proportion.48
IOP-LOWERING EFFICACY

Timolol has been widely used since its introduction in the United States in 1978.34 Roughly half of
all glaucoma patients, however, are poor candidates
for timolol therapy for either efficacy or safety reasons.30 With long-term timolol treatment, about 20–
25% of patients on timolol will experience tachyphylaxis. In addition, the effectiveness of timolol may
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also be compromised due to drug interactions. The
efficacy of timolol in lowering mean IOP is reduced
if the patient is simultaneously taking systemic betablockers.47 In Schuman’s 12-month trial comparing
the IOP-lowering efficacy of brimonidine 0.2% twice
a day with timolol 0.5% twice a day, a post-hoc analysis was done to evaluate the IOP-lowering response
in patients taking both topical and systemic betablockers (7.1% of all participants). The mean IOP
reduction from baseline was smaller (at both peak
and trough) in patients taking topical and systemic
beta-blockers (n  30) than in patients receiving
topical timolol alone (n  341).
Latanoprost and travoprost provide greater IOPlowering than timolol (Fig. 1). Travoprost and latanoprost are essentially equivalent to each other.37 In a
12-month study, travoprost once daily treatment resulted in mean IOPs at 8 AM that were 1.0–1.4 mm
Hg lower than IOPs achieved with timolol twice daily
(p  .009); travoprost once daily resulted in mean
IOPs that ranged from 0.6 mm Hg lower to 0.4 mm
Hg higher than latanoprost once daily, but none of
the differences were statistically significant.37 In one
6-month trial, latanoprost once daily lowered mean
IOP more than timolol twice daily did by 0.4–0.9 mm
Hg.61 Differences in mean IOP were statistically significant only at weeks 12 (p  0.04) and 18 (p 
.001). In another 6-month study latanoprost once
daily lowered IOP more than timolol twice daily by
1.2 mm (p  .001).25
Bimatoprost also provides greater IOP-lowering
than timolol. In a 12-month trial, mean IOP in bimatoprost-treated patients was consistently significantly lower (by 2–3 mm Hg) than in timolol-treated
patients at each measurement (p  .001).26 A recently published direct comparison of bimatoprost
with latanoprost39 confirms data from two earlier
studies18,22 that suggested that bimatoprost was
more effective in lowering IOP than latanoprost.
The Noecker study was a well-powered, rigorously
designed, multicenter, randomized, double-blind
trial.39 Bimatoprost-treated patients achieved significantly greater mean IOP reduction from baseline
than did latanoprost-treated patients at every measurement and at all visits through the 6 months of
treatment, even though baseline IOP with bimatoprost was slightly higher than with latanoprost.20,39
Moreover, the published paper presented detailed
data about not only the primary outcome measure
(mean reduction from baseline IOP) but also several
secondary outcome measures that confirmed the
primary results.
Brimonidine twice daily is roughly equivalent to
timolol twice daily in IOP-lowering efficacy, as shown
in several studies.29,49 Unlike timolol, the efficacy of
brimonidine is not decreased by simultaneous treat-
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Fig. 1. Left: Mean IOP in participants treated with either bimatoprost 0.2% once daily (n  474) or timolol 5.0% twice
daily (n  241) after 12 months of follow-up. IOP is statistically significantly lower in patients treated with bimatoprost
once daily at all visits. (Reprinted with permission of Archives of Ophthalmology from Higginbotham et al.26) Right: Mean
IOP in patients treated with travoprost (n  197), latanoprost (n  193), or timolol (n  195) over 12 months of followup. IOP is statistically significantly lower in patients treated with travoprost compared with timolol at all visits (p  .001),
and with latanoprost only at the week 2 visit (p  .02). (This figure was derived from data from Netland et al.37)

ment with systemic beta-blockers.46 Brimonidinepurite (Allergan, Irvine, CA) 0.15%, the newly approved formulation of brimonidine preserved with
purite (Allergan, Irvine, CA), has the same efficacy
as brimonidine 0.2% preserved with benzalkonium
chloride.28 The lower concentration of active ingredient in brimonidine-purite 0.15% is as effective as
the older formulation because brimonidine-purite’s
higher pH allows more brimonidine to penetrate
into aqueous humor and hit the target site for lowering IOP.4
Clineschmidt and colleagues found that the IOPlowering efficacy of the fixed combination of timolol/
dorzolamide is statistically significantly superior to
monotherapy with each component at 3 months (article reported only p  .05).17 Data from a study by
Coleman suggests that the combination drug timolol/
dorzolamide is less effective than bimatoprost monotherapy (personal communication).
Data that measure the efficacy of glaucoma medications by comparing the percentage of patients
reaching a specific target IOP come from studies
comparing latanoprost with timolol, bimatoprost
with timolol, and bimatoprost with latanoprost. Both
latanoprost once a day and bimatoprost once a day
performed well against timolol twice a day, with similar percentages of patients achieving targets between
13 mm Hg and 18 mm Hg.5,26 In a 3-month direct
comparison of latanoprost with bimatoprost, however, Gandolfi and colleagues found that twice as
many patients achieved target pressures of 15 mm

Hg or lower in the bimatoprost group (29%) than in
the latanoprost group (14%) (p  .009)22 (Fig. 2).
In a separate 6-month direct comparison of bimatoprost with latanoprost, at month 6, mean IOP was
significantly lower with bimatoprost than with latanoprost at all timepoints at all follow-up visits. In addition, the percentage of patients classified as nonresponders (IOP decrease  15%) was more than
twice as high in the latanoprost group than the bimatoprost group at all times of day (p  .001). Patients were excluded from participating in this trial
if they had received either study drug in the 2
months prior to the beginning of the trial.39
Timolol is known to provide poor IOP control at
night and in the early morning.42 Bimatoprost, travoprost, and latanoprost all provide much better
IOP control throughout the day and night. In a comparison study of latanoprost versus bimatoprost,22
mean IOP of patients treated with bimatoprost
ranged from 17.0–17.5 mm Hg throughout the day,
compared to 17.4–18.0 mm Hg with latanoprost. At
12 noon and 4 PM, the mean IOP in bimatoprosttreated patients was statistically significantly lower
than in patients treated with latanoprost (Fig. 3).
Travoprost and latanoprost appear to provide similar diurnal control,37 with IOPs near 18 mm Hg between 10 AM and 4 PM in a direct comparison of
these two drugs.
There is no information on how well the fixed combination of timolol and dorzolamide controls IOP
throughout the day. It is reasonable to expect, how-
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Fig. 2. Patients achieving specific target IOPs at noon at
month 3, approximately 16 hours post dose. In a 3-month
study comparing latanoprost (n  113) with bimatoprost
(n  119), Gandolfi and colleagues found that 29% of
glaucoma or OHT patients treated with bimatoprost
reached target pressures of 15 mm Hg or lower; about half
as many achieved that target with latanoprost (14%) (p 
.009). p values for  16 mm Hg and  17 mm Hg were not
significant. Patients were excluded from participating in
this trial if they had received either study drug in the 2
months prior to the beginning of the trial. (Reprinted with
permission of Advances in Therapy from Gandolfi et al.22)

ever, that the fixed combination of timolol and dorzolamide would provide circadian control similar to
that of its components alone. It is known that timolol
provides poor circadian IOP control. Dorzolamide is
slightly less effective than latanoprost at providing circadian control, but provides better control than
timolol during the late night and early morning.42
SAFETY AND TOLERABILITY ISSUES

Enough is known about the long-term systemic
adverse effects of beta-blockers to cause physicians
to avoid prescribing nonselective beta-blockers in
roughly 12% of glaucoma patients.30 Another 10%
will be discontinued from beta-blocker therapy due
to serious systemic adverse events, such as effects on
the cardiopulmonary system, sexual dysfunction, and
masking of hypoglycemia. In addition, timolol may
affect the central nervous system, causing depression, fatigue, and forgetfulness. Timolol treatment is
also associated with conjunctival metaplasia,59 corneal anesthesia,9 impaired tear film,40 and a reduction in endothelial cells.13,35 There are no major tolerability issues with timolol. Most timolol patients
feel that instilling the drops is comfortable although
some stinging can occur.
An important therapeutic advantage offered to
patients by the prostamide and prostaglandin ana-
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logs (both known as ocular hypotensive lipids [HTLs])
is that they pose fewer systemic safety concerns than
timolol does. Clinical trials indicate that, for the
most part, latanoprost, travoprost, and bimatoprost
do not induce significant changes in heart rate,
blood pressure, pulmonary function, or laboratory
values.12,19,37 There are case studies, however, that indicate that some patients treated with latanoprost
may develop hypertension or migraines.43,62 Tolerability-related effects of prostaglandin analogs and
prostamides include hyperemia, iris color change,
and eyelash growth.12,37,39,52 Conjunctival hyperemia,
eyelash growth, and ocular pruritis were more common in bimatoprost-treated patients than in latanoprost-treated patients in a 6-month direct comparison
(p  .025).39 Discontinuation rates due to adverse
events, however, were low in both the bimatoprost
and latanoprost groups (4.5% and 3.7%, respectively,39 in 4–13% of patients, depending on how allergy is defined and the duration of drug exposure).14
Brimonidine-Purite 0.15%, the newly approved formulation of brimonidine preserved with Purite, is associated with a 41% lower incidence of ocular allergy.28 Long-term brimonidine therapy in adults is
associated with few, mostly mild, adverse events, including fatigue, headache, and dry mouth. Brimonidine is contraindicated in children under 2 years of
age due to the possibility of central nervous system
suppression in infants.
The timolol/dorzolamide combination shares the
same safety and tolerability concerns as the component drugs do individually. Timolol is associated
with cardiopulmonary and CNS effects, among
other problems; dorzolamide is associated with central nervous system effects,45 allergic conjunctivitis,55
renal stones,15 and irreversible corneal decompensation.31 Timolol, as discussed, has no major tolerability issues. Dorzolamide, however, is associated with
hyperemia, blepharitis, burning, stinging, and an altered sense of taste.21,32,44
MECHANISM OF ACTION FOR IOP LOWERING

Each of the five main categories of drugs used for
glaucoma exhibits a different mechanism of action;
some affect more than one mechanism. Timolol decreases aqueous humor production.38 Latanoprost
and travoprost increase aqueous outflow via the
uveoscleral pathway.51,57
Bimatoprost has been shown to increase outflow
primarily through the trabecular-meshwork pathway, with some outflow through the uveoscleral
pathway as well.11 Brimonidine decreases aqueous
humor production and increases aqueous outflow
through the uveoscleral pathway.58 In many animal
models brimonidine also has demonstrated neuroprotective potential.63,64 The timolol/dorzolamide
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Fig. 3. Left: Diurnal IOP at the 3-month visit in patients receiving bimatoprost (n  119) or latanoprost (n  113). Mean
IOP was statistically significantly lower with bimatoprost at 12 noon and 4 PM. At all times of the day bimatoprost was at
least as effective or more effective than latanoprost. (Reprinted with permission from Gandolfi et al.22) Right: Mean IOP
between 8 AM and 4 PM for patients treated with travoprost .004% (n  197) or latanoprost .005% (n  193). Travoprost
and latanoprost provide roughly equivalent diurnal control. There was no statistically significant difference between the
two drugs at any time point (p  .2). The data from which this figure was derived did not include values for standard deviation or standard error of the mean. (This figure was derived from data from Netland et al.37)

combination decreases aqueous humor production,
as do each of its component drugs.
OTHER CONSIDERATIONS: COMPLIANCE, COST,
AND HIGH-RISK PATIENTS

Patients are more likely to comply with a treatment regimen if they only have to instill eye drops
once per day.7,8,24,36 Patients and payers also appreciate lower medication costs, but this is not a simple
factor to calculate. For example, although the acquisition cost is lower with timolol than with the hypotensive lipids (prostaglandins and prostamides),
the less favorable safety and efficacy profiles may increase the need for additional office visits or IOPlowering medications—all of which increase costs.
It has long been known that timolol is less effective in black than nonblack patients and this has
been confirmed in recent studies.26,37 Bimatoprost
and latanoprost, in contrast, are equally effective in
black and nonblack patients. In a 1-year trial, bimatoprost lowered IOP to the same extent in both
black and nonblack patients, whereas timolol was
less effective in black patients than in nonblack patients.26 Travoprost, on the other hand, is less effective in lowering mean IOP in nonblack patients than
in black patients. This was demonstrated in a large
(n  801) comparison of travoprost to timolol and
latanoprost. Mean IOP ranged from 16.2–19.9 mm
Hg among black travoprost-treated patients and
from 17.8–20.0 mm Hg among nonblack travoprosttreated patients.37

Glaucoma Treatment—An
Evolving Paradigm
Overall, prostamides and prostaglandins are superior to timolol in their ability to lower IOP in glaucoma and OHT patients. In particular, bimatoprost
helps more patients achieve low target pressures
than timolol and latanoprost do. Latanoprost and
travoprost are comparable to each other in IOP-lowering effectiveness and brimonidine is comparable
to timolol (without the drug interaction problem
with systemic beta-blockers). Coleman’s data suggest
that the combination drug timolol/dorzolamide is
no more effective than bimatoprost, and the two
classes of drugs from which it is derived have the
longest list of potential side effects of all currently
used drugs (personal communication).
From all of these choices, a reasonable initial approach would be to choose a monotherapy that will
get the IOP as low as safely possible in each particular patient. Each patient must then be monitored
routinely to ensure that IOP is maintained at a level
low enough to prevent glaucomatous progression. If
a patient’s initial therapy fails to reduce IOP to the
targeted range, or the visual field is still deteriorating despite a low IOP, it is possible that a different
monotherapy may lower IOP more effectively.
Even when using one of the powerful IOP-lowering medications currently available, some patients
may need additional IOP lowering in order to prevent disease progression. In such cases, it is best to
add an adjunctive drug with a different mechanism
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of action than the primary drug, in order to hit another therapeutic target. For example, if the primary
drug works by increasing uveoscleral output, such as
latanoprost, a drug that decreases aqueous humor
production, such as brimonidine, is a good adjunctive choice33,60 (Fig. 4). A beta-blocker may also be
chosen if there are no contraindications present.
Similarly, if the primary drug works by increasing
outflow through the trabecular meshwork, as does
bimatoprost, it is best to choose an adjunctive drug
that increases uveoscleral output or that decreases
aqueous humor production.
With no way to reverse glaucomatous visual field
loss, we must prevent glaucomatous damage with an
aggressive approach to lowering IOP. The clinician
should use the least amount of medicine that will
achieve the maximum IOP-lowering efficacy with
minimal adverse effects, starting with or switching to
the most powerful single agent that meets the patient’s therapeutic requirements. Multiple drugs can
increase adverse effects and lead to compliance
problems; therefore, there is no rationale for combining multiple low potency medications if a single
drug works as effectively. If an adjunctive agent is
needed, one with minimal safety concerns and a different mechanism of action is the best choice. The
preponderance of scientific evidence supports the

Fig. 4. Substantial additional IOP-lowering seen when
brimonidine 0.2% added to latanoprost monotherapy or
to multi-drug regimens containing latanoprost. In a large,
open-label trial of 552 patients, brimonidine was added to
multi-drug combinations that included latanoprost in a
subset of 56 patients. Brimonidine induced a 32.2% decrease in IOP in patients previously treated with latanoprost only (n  16). Used adjunctively in patients on a regimen containing latanoprost, a nonselective beta-blocker
and dorzolamide, brimonidine induced an additional
20.1% decrease in IOP (n  11). (This figure was derived
from data from Lee and Gornbein.33)
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superiority of prostaglandins and prostamides as
first-line medication for glaucoma patients.

Method of Literature Search
The National Library of Medicine database was
searched in April 2002 using the PubMed engine
(http://www.ncbi.nlm.nih.gov/entrez/query.fcgi). All
available years were included. Keywords used in the
search: glaucoma, ocular hypertension, intraocular pressure, timolol, adrenergic beta-antagonists, travoprost, latanoprost, bimatoprost, dorzolamide, carbonic anhydrase
inhibitors, and compliance. The most relevant, recent,
and rigorous studies were chosen to summarize in
this review article. The need to keep this review general and brief rather than in-depth and comprehensive required the literature review to be limited
rather than exhaustive. It is inevitable in such a case
that some subjective criteria may also creep into the
decision making process, so every conscious effort
was made to be fair.
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