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MANAGEMENT OF GLAUCOMA AND OCULAR HYPERTENSION

STATE MENT OF NEED
In the last decade, numerous novel ocular hypotensive agents

have been introduced for the control of IOP. When selecting an
ocular hypotensive medication for their patients, clinicians should
consider not only its IOP-lowering ability, but other factors that
will affect efficacy, tolerability and patient adherence, such as the
dosing schedule and the preservative used.

TARGET AUDIENCE
This activity is designed for ophthalmologists.

LE ARNING OBJECTIVE S
After successful completion of this program, participants

should be able to:
• Discuss the various components of therapeutic eye drops for

glaucoma.
• Identify the effects of preservatives on efficacy and tolerability

of glaucoma drops.
• Describe the decision-making process for choosing a glaucoma

therapy, including when to add or switch therapies.
• List current therapeutic options, including fixed combinations,

and their role in glaucoma management.

METHOD OF INSTRUCTION
Participants should read the learning objectives and continu-

ing medical education (CME) program in their entirety. After
reviewing the material, they must complete the self-assessment
test, which consists of a series of multiple-choice questions. To
answer these questions online and receive real-time results,
please visit www.dulaneyfoundation.org and click “Online
Courses.” If you experience problems with the online test, please
email us at support@dulaneyfoundation.org and explain the
details of any problems you encounter with the Web site. You
also may fax your exam to us at (610) 771-4443. Please note, if
you fax your test, you must include your full name and an email
address, as certificates are issued electronically.

Upon completing the activity and achieving a passing score of
70% or higher on the self-assessment test, participants may print a
CME credit letter awarding 1.5 AMA PRA Category 1 Credits.™ The
estimated time to complete this activity is 1.5 hours.
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Katz:  Our discussion focuses on topical formulations
for treating glaucoma: how they are developed; and the
factors that affect their efficacy and tolerability. We also
will discuss the role of preservatives and the feasibility
of altering or replacing them to minimize their adverse
effects on the eye.

Let’s begin by discussing the process of making an eye
drop that delivers drug effectively for treating glaucoma.

FORMUL ATION COMPLE XITIE S
Noecker:  Formulating an eye drop is a relatively com-

plex process. Each formulation has multiple compo-
nents: the active ingredient; the vehicle; and other com-
pounds that enhance the vehicle. First, you must deter-
mine if the compound is soluble in an aqueous formu-
lation. In addition, the pH must be physiologic when
delivered to the eye, and the drug must be stable.
Normal solutes must be biocompatible with the tear
film and the ocular surface. Finally, the drop must be
therapeutic.

Katz:  Dr. Alvarado, what can you tell us about
bioavailability in the anterior chambers of animal eyes?

Alvarado: The concentration of a therapeutic agent
in an eye drop decreases progressively as it passes
through the layers of the eye into the target tissue in
the anterior chamber. Therefore, to deliver the agent
inside the eye at its most effective level, the active 
ingredient must be formulated at a much higher 
concentration.

For example, ethacrynic acid induces an effect on
aqueous outflow at micromolar concentrations 
(ie, ~10–6 M). This implies that for ethacrynic acid to
work as a topically applied medication, it must be 
formulated at a much higher concentration (ie, ~100 to
1000 times higher or 10–3 M). If applied topically at
such a high concentration, ethacrynic acid might
become toxic and intolerable to patients. Studies of
ethacrynic acid have been performed in monkeys and

other laboratory animals, as well as in target cells cul-
tured from the human outflow pathway.1

Katz:  People talk about avoiding problems with sur-
face toxicity and maybe even systemic toxicity by using
prodrugs. Do we have any prodrugs for glaucoma?

Samuelson:  The classic prodrug is dipivefrin (Propine;
Allergan, Inc., Irvine, CA), which helps avoid some epi-
nephrine-related systemic side effects as it is converted
to a clinically active form while crossing the corneal tis-
sues. The prodrug concept is a useful one as it will
reduce the amount of active drug that is absorbed sys-
temically. For example, spillover drug enters the body in
an inactive form through the nasolacrimal system.

It is difficult to find the perfect eye medication that
will ensure maximal compliance. An eye drop must be
comfortable. It must have ingredients that will prevent
contamination, it must have a favorable safety profile,
few adverse effects, and, of course, it must be effica-
cious. To produce such a medication is a tall order. The
prodrug is a good concept and makes drugs safer and
better tolerated, but it is not always easy to achieve all
of the criteria that define a successful medication.

PRE SERVATIVE PROS AND CONS
Katz:  Let’s discuss the introduction of preservatives in

ophthalmic preparations. What are the concerns?

Noecker:  The FDA recognized the potential for con-
tamination in the 1950s when almost all ophthalmic

The Making of 
Glaucoma Drops
What are the clinical implications of ophthalmic drug formulation? Lowering IOP is the

goal for glaucoma medications, but other factors will influence efficacy.
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“The concentration of a thera-

peutic agent in an eye drop

decreases progressively as it

passes ... into the target tissue.”

—Jorge A. Alvarado, MD



preparations were made by compounding pharmacies.
At that time, the FDA mandated that all ophthalmic
preparations in multi-use vials be preserved.

Katz:  What are the regulatory agencies looking for in
preservatives?

Noecker:  The primary role of preservatives is to 
stop the growth of organisms, although preservatives
also play a part in stability and drug penetration.
Specifically, the FDA looks at the ability to kill common

organisms, such as Pseudomonas, with exposure over
time.

Katz:  Some compounding organizations will make
preservative-free preparations of commonly used drugs.
How do you feel about that? 

Noecker:  We certainly can have preservative-free
ophthalmic preparations made, but I worry about
doing this with glaucoma medications. You cannot
control the human factor or the post-production 
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Katz:  Both the active ingredient and the preservative

in a glaucoma drop may have an effect on surface tolera-

bility. Studies by Baudouin and others note changes in

cell type (eg, inflammatory cells) that are dose dependent

on the amount and duration of BAK load.1 Dr. Alvarado,

is there a dose response curve with benzalkonium chlo-

ride (BAK) in terms of affecting the surface of the human

eye?

Alvarado:  BAK has definite and pronounced cellular

effects when it comes in contact with a wide variety of

cell types. Weinreb and I studied the ultra structural

effects in corneal endothelial cells after subconjunctival

injections containing BAK.2 BAK is remarkably toxic to

the corneal endothelial cells, inducing extensive vacuole

formation. I would expect that the epithelial surface

would undergo similar changes upon chronic exposure

to BAK, but I suspect that the cell density of the epithe-

lial surface would likely remain unchanged.

Regarding a BAK dose-related response in terms of

patient tolerability, Dr. Samuelson has pointed out that

although bimatoprost has only 0.005% BAK compared to

latanoprost having 0.02%, “clearly latanoprost is well tol-

erated on the ocular surface for most patients” despite

having a higher BAK concentration. So as Dr. Katz said at

the outset, the relationship is not one that is simply

related to the BAK concentration (or “dose”), but to an

interaction between the active ingredient and the 

preservative. I also have the same impression as 

Dr. Samuelson does, that for unknown reasons the clini-

cal problem of hyperemia and toxicity appear to have

abated recently.

Katz:  With a fixed combination of brimonidine/ 

timolol, there is a lower rate of allergic reactions com-

pared with brimonidine used alone. A proposed explana-

tion is based on the model of adrenergic regulation of

cell volume. Can you explain this hypothesis and the pre-

vious work that supports this concept?

Alvarado:  Two reports discuss several pertinent

issues regarding the relationship between cell volume

effects and specific adrenergic receptors.

One article describes the puzzling propensity of certain

BAK-containing adrenergic agents to induce untoward

reactions. While this study focused on the alpha-2 ago-

nist apraclonidine hydrochloride (Iopidine), it was also

concerned with epinephrine and dipivefrin, which have

alpha- as well as beta-receptor activity. We also consid-

ered that the ocular surface cells interact with relatively

high concentrations of adrenergic agents, which might

induce some beta-receptor activity even in adrenergic

agents that are relatively specific for alpha receptors.3

The second article discusses the ability of particular

beta-adrenergic agonists to induce cell-shrinkage and

how such an effect may promote interaction between

toxic agents on the conjunctival surface with stromal 

tissues in the subepithelial space.4

Using data from both articles, we can postulate a

mechanism whereby an adrenergic agent might induce

untoward effects more frequently than other types of

glaucoma medications. As mentioned earlier, the con-

centration of these agents when interacting with the

ocular surface is much higher than that reaching tissues

inside the eye. At such high concentrations, the existence

of some beta-receptor activity may become apparent as

shrinkage of epithelial cells lining the ocular surface. The

net result would be widening the intercellular space,

which would provide greater access to underlying subep-

ithelial tissues than otherwise possible.

Thus, BAK, altered tear-film lipids, and other pro-

inflammatory agents can reach and interact with vascular

and other subepithelial tissues, inducing hyperemia and

chronic inflammatory changes similar to those well-

ACTIVE INGREDIENT’S VERSUS PRESERVATIVE’S EFFECT ON SURFACE TOLERABILITY



storage conditions. Also, the rules governing com-
pounding pharmacies are vague. A facility can be
involved in other activities and still be a compounding
pharmacy. Whereas a manufacturing plant is held to
rigorous standards mandated by the FDA.

Katz:  Aside from concern about infection, what about
the efficacy of a nonpreserved preparation? No one is
checking the efficacy of that preparation.

Noecker:  That is a good point, especially for glaucoma

medicines. It is not a trivial task to ensure sufficient pene-
tration through the ocular surface at concentrations
capable of achieving a therapeutic effect.

Samuelson:  Safety is my first concern. We can judge
if a drug is reducing pressure, but we have a lot less
control when assessing safety. If a patient comes in
with a problem—a corneal ulcer, for example—it is
impossible to turn back the clock. For efficacy, at
least we can try a different approach if a drug is not
working.
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described histological alterations in the subconjunctival

tissues of glaucoma patients.5 The net effect might be

drug intolerance due to specific ocular surface effects

induced by high drug concentration and some beta-

receptor activity apparent under conditions where a

BAK-containing adrenergic agent is used.

Katz:  So how do you block the cell shrinkage process?

Alvarado:  We showed that the cell volume effect was

mediated by beta-receptor activity, as it could be

blocked 100% with pretreatment with the nonspecific

beta-blocker timolol maleate. This suggested that per-

haps one way to lessen the incidence of untoward

adrenergic agonist reactions—mediated by opening the

paracellular pathway—might be to treat patients concur-

rently with a beta-blocker. Others have pointed out

recently that there might be other beneficial effects asso-

ciated with the use of timolol, including antioxidant

effects.6

A word of caution is warranted at this point. As dis-

cussed extensively in our second article, it is hazardous

to predict the effect of a specific adrenergic agent from

the experience in one tissue to that in another.

Finally, we would like to point out that prostaglandins

also induce a change in cell size, as demonstrated by

Neufeld more than two decades ago.7 Thus, prosta-

glandin analogs also may benefit from the concurrent

use of beta-blockers in a combined formulation. In fact,

the early European experience with a prostaglandin ana-

log/timolol combination shows that patient tolerability

may be enhanced.

My interest in this area from a clinical point of view

was revived most recently by the introduction of the bri-

monidine/timolol combination known as Combigan

(Allergan, Inc., Irvine, CA). It never occurred to us that

adding timolol to the adrenergic agonist brimonidine

would increase tolerability compared to the situation

when brimonidine is applied alone.

Samuelson:  With your hypothesis, would you specu-

late that patients who had been taking beta-blockers

prior to an alpha-2 adrenergic had better tolerability

than those who were not?

Alvarado:  This is a complex question, which deals with

the issue of tolerability. Tolerability involves untoward

effects due to general effects such as hyperemia and non-

specific chronic inflammation as well as allergy-mediated

responses. In the Osborne study, the authors comment

that: “… Timoptol used prior to Alphagan seems to con-

fer some protection against Alphagan allergy.”

Samuelson:  But that does not necessarily mean that

patients who are on beta-blockers prior to initiating

alpha-2 agonists experienced the same preventive effect.

Alvarado:  Clinically, I never thought that would be

the case, but it might be so, and soon we shall learn

what the facts are, as this has become a clinically rele-

vant question.

1. Baudouin C, Pisella PJ, Fillacier K, et al. Ocular surface changes induced by topical
antiglaucoma drugs: human and animal studies. Ophthalmology. 1999;106:556-563.
2. Weinreb RN, Wood I, Tomazzoli L, Alvarado J. Subconjunctival injections: Preservative-
related changes in the corneal endothelium. Invest Ophthalmol Vis Sci. 1986;27:525-
531.
3. Butler P, Mannschreck M, Lin S, et al. Clinical experience with the long-term use of
1% apraclonidine: Incidence of allergic reactions. Arch Ophthalmol. 1995;113;293-296.
4. Alvarado JA, Murphy CG, Franse-Carman L, et al. Effect of beta-adrenergic agonists
on paracellular width and fluid flow across outflow pathway cells. Invest Ophthalmol Vis
Sci. 1998;39:1813-1822.
5. Sherwood MB, Grierson I, Millar L, Hitchings RA. Long-term morphologic effects of
anti glaucoma drugs on the conjunctiva and Tenon’s capsule in glaucomatous patients.
Ophthalmology. 1989;96:327-335.
6. Osborne SA, Montgomery DMI, Morris D, Mckay IC. Alphagan allergy may increase
the propensity for multiple eye-drop allergy. Eye. 2005;19:129-137.
7. Neufeld AH, Jumblatt MM, Matkin ED, Raymond GM. Maintenance of corneal
endothelial cell shape by prostaglandin E2: effects of EGF and indomethacin. Invest
Ophthalmol Vis Sci. 1986;27:1437-1442.



Katz:  Yes. We cannot compare the situation to a 1-week
course of topical steroids, for example. In glaucoma, the con-
cern is that a patient is using a product for an extended peri-
od—maybe a month or longer—and we know that contami-
nation is a possibility, even with a preservative. Contamination
is clearly higher in bottles without preservatives. One study
found that 10% of preservative-free, multi-dose bottles were
definitely contaminated with pathogens.2 I have always been
concerned about using a drop on a repeated basis for an
extended period, particularly in eyes of elderly patients whose
immune systems and epitheliums are already compromised.

TYPE S OF PRE SERVATIVE S
Katz:  Let’s discuss the specific preservatives used.

Noecker:  Most glaucoma medicines are preserved
with benzalkonium chloride (BAK). A fairly low concen-
tration of BAK achieves the USP standards for kill curves
for organisms. I believe that is why it is used so extensively.

The amount of BAK varies in the different glaucoma
preparations. One reason for that is historical. Timolol
maleate, introduced in 1978 as Timoptic (Merck & Co.
Inc., Whitehouse, NJ), is almost always preserved with
0.01% BAK. It became the gold standard drug, and 
I do not think there was ever push for a nonpreserved
version.

Some newer medications have about half the
amount of BAK as timolol. For example, bimatoprost
(Lumigan; Allergan Inc., Irvine, CA) has 0.005% BAK,
which seems to be the lower limit that easily achieves
the necessary kill curves. At the other extreme is
latanoprost (Xalatan; Pfizer, Inc., New York, NY) with
0.02% BAK. The preservative concentration is this high,
not so much because latanoprost is more likely to grow
bacteria in the bottle, but because it is an unstable
molecule. As such, it needs the higher amount of BAK
for its detergent-like properties that help stabilize the
more complex molecule.

One reason why we do not eliminate BAK from oph-
thalmic preparations is because it would be an expensive
and time-consuming process. Another reason is because
all molecules are not compatible with some of the newer
preservatives.

Katz:  Dr. Noecker, you have done some work with
Purite, the preservative in brimonidine (Alphagan-P;
Allergan, Inc., Irvine, CA). Will you elaborate on it?

Noecker:  Purite is a stabilized oxychloride compound.
It was originally introduced in the artificial tear market,
so we are familiar with it. Once exposed to sunlight,
Purite breaks down very quickly, and the relative toxic
components disappear. It is an oxidizing compound, so it

is selective. It is more toxic to bacteria than it is to mam-
mals, because mammals can have an infinite supply of
antioxidants as compared to bacteria.

Katz:  Sofzia, the preservative in the newest formulation of
travoprost (Travatan Z; Alcon Laboratories, Inc., Fort Worth,
TX), is a combination of several different components.

Noecker:  Sofzia is a combination of borate, sorbitol,
polyols and zinc in a proprietary mixture. It appears to be
relatively effective in terms of killing bacteria that are rele-
vant to ophthalmology.3,4 The physiology is probably less
well understood, but it appears that this mixture is capable
of disrupting several different metabolic processes of bacte-
ria while not causing significant harm to mammalian epi-
thelial cells at the concentrations used in these eye drops.

Katz:  Dr. Noecker mentioned there are different BAK
concentrations in some of the glaucoma preparations. Is
that important? Is there some dose response in terms of
surface toxicity with BAK?

Samuelson:  In my experience, a very vocal minority
of patients have issues with BAK. However, in a consulta-
tive practice, I tend to see a lot of those who struggle
with preservative toxicity, so I like having alternatives for
those patients.

One point I typically make is that bimatoprost has
0.005% BAK and latanoprost has 0.02%, or four times
more BAK, but if you look at population studies of
hyperemia and surface complaints with the two agents,
latanoprost is well tolerated on the ocular surface for
most patients.5,6 So some patients are reacting to the
active compound not the preservative. Clearly, both may
be factors, so it is good if you can keep the BAK low.
Bimatoprost has a very low BAK concentration, travo-
prost now has a BAK-free option, and I think it is a big
advance for alpha-2 agonists to be able to have a BAK-
free brimonidine preparation. ■

1. Epstein D, de Kater A, Erickson-Lamy K. The search for a sulfhydryl drug for glaucoma:
From chemistry to the cytoskeleton. In: Lutjen-Drecoll E, Ed. Basic Aspects of Glaucoma
Research. Schattauer: New York; 1993:345-354.
2. Rahman MQ, Tejwani D, Wilson JA, et al. Microbial contamination of preservative free
eye drops in multiple application containers. Br J Ophthalmol. 2006;90:139-141.
3. Lewis RA, Katz GJ, Weiss MJ, et al; Travoprost BAC-free Study Group. Travoprost
0.004% with and without benzalkonium chloride: A comparison of safety and efficacy. J
Glaucoma. 2007;16:98-103.
4. Alford KA, et al. Microbiological evaluation of Travatan Z solution: a multi-dose
Benzalkonium chloride-free ophthalmic solution. Paper presented at: The Annual Meeting of
the American Academy of Optometry; December 2006; Denver, CO.
5. Noecker RS, Dirks MS, Choplin NT, et al; Bimatoprost/Latanoprost Study Group. A six-
month randomized clinical trial comparing the intraocular pressure-lowering efficacy of
bimatoprost and latanoprost in patients with ocular hypertension or glaucoma. Am J
Ophthalmol. 2003;135:55-63.
6. Parrish RK, Palmberg P, Sheu W-P, for the XLT Study Group. A comparison of
latanoprost, bimatoprost, and travoprost in patients with elevated intraocular pressure: a
12-week, randomized, masked-evaluator multicenter study. Am J Ophthalmol.
2003;135:688-703.
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Katz:  What causes surface sensitivity with the use of
various glaucoma products? Are the reactions caused by
allergy or toxicity?

Noecker:  That is a relatively complex question, and
the answer differs with each drug. You have to consider
the active ingredient and how it behaves therapeutical-
ly, as well as any other effects it will have on the ocular
surface. The preservative also can be involved. Certainly,
when we use agents that contain detergent preserva-
tives, the amount and duration of exposure can affect
the ocular surface.

Another factor is the pH; pH disturbances can greatly
alter the surface and disrupt the natural tear film. Other
components, such as lubricating and viscosity agents,
can be involved.

With the alpha agonists, the active molecule is probably
most responsible for allergy. Studies of brimonidine show
oxidation of the active drug is responsible for the allergy,
so the issue tends to be concentration-dependent.1

Most importantly, the oxidation potential of each drug
appears to have nothing to do with the mechanism of
action, but alpha agonists may allow the oxidized com-
pound to penetrate the ocular surface.

In terms of mechanism of action, the carbonic anhy-
drase inhibitors (CAIs) can affect the endothelial cell
pump function. A patient with a compromised cornea
may develop some corneal edema, which will change
the ocular surface and lead to problems. The periocular
changes we often see are due to toxicity more than
allergy.

With the prostaglandin analogs, in the short term,
hyperemia probably is due to the drug and how it inter-
acts with receptors on blood vessels.

Timolol is well tolerated because the drug itself does
not seem to adversely affect the ocular surface.

DIFFERENTIATING HYPERE MIA
Katz:  Is the hyperemia that you get with brimonidine

the same as what you see with a prostaglandin?

Noecker:  Hyperemia associated with the prostaglan-
din analogs seems to be due to the action of the drug on
the vessels and tends to be short term. It is at its worst
after the initial dose, and then it tends to diminish over
time, typically 2 weeks. In clinical practice, however, you
may see some longer term hyperemia, which is more of a
multifactorial issue.

In contrast, hyperemia associated with the alpha-2
agonist allergy does not appear with the first dose but
develops over time in individuals who are susceptible.
The effect may be cumulative, owing to alterations in
the ocular surface, allowing the oxidized compound to
penetrate.

MEIBOMIAN GL AND AND 
TE AR FILM CHANGE S

Alvarado:  At our clinic, I have noticed that meibomi-
an gland dysfunction is far more prevalent in glaucoma
patients than in non-glaucoma patients. For this reason, I
wonder if a meibomian gland effect is related to the pre-
servative, the active ingredient, and the combination of
both. Also, does the lipid profile on the ocular surface

Exploring Ocular 
Surface Sensitivity in
Glaucoma Therapy
When patients present with corneal complaints or signs of irritation, what is to blame, 

and how can it be addressed?
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“Hyperemia associated with

the prostaglandin analogs

seems to be due to the action

of the drug on the vessels and

tends to be short term.”

—Robert J. Noecker, MD, MBA



change with a preference disequilibrium to the more
toxic profile of agents?

Noecker:  Looking at chronic exposure with some of
the older glaucoma medications, we see a decrease in
functional goblet cells, and the mucin they excrete
changes with time.2,3 It may be simpler to look at tear
film composition. Often, the type of lipids changes, and
the lipid layer decreases. Some evidence exists that more
pro-inflammatory types of lipids may be present.4

Katz:  Do you feel tear breakup time changes with the
use of glaucoma products, particularly those with BAK?

Noecker:  Tear breakup time changes with almost
everything you put in the eye. You need almost perfect
equilibrium between the lipid layer, the aqueous layer, and
the mucin layer. Skewing any one of them—with a deter-
gent preservative, for example—will disrupt the surface.

Katz:  As glaucoma specialists, we are not really
attuned to evaluating the tear film and the ocular sur-
face. I am impressed by its complexity and how there is
sometimes a disconnect between signs and the sympto-
matology that patients express. Some studies in France
have looked at beta-blockers with and without BAK.
They found the introduction of BAK definitely affects
tear breakup time beyond what the drug may do.5

Alvarado:  You are referring to lacrimal gland dys-
function, which is a beta-blockade effect in addition to
the events that we are discussing. My understanding
has been that a dry eye with beta-blockers is related to
an alteration in tear secretion by the lacrimal gland and
the accessory glands. What is overwhelming is the
complexity of the issues, not only the therapeutic
effect of the drugs, but also their effects on the ocular
surface.

Katz:  Have studies using impression cytology, conjunc-
tival biopsies and the like shown anything conclusive?

Samuelson:  Are there differences between some of
the surface irritant responses we see? Personally, I think
definitely there are. Broadway’s study of patients pre- and

post-glaucoma medications at the time of surgery clearly
showed inflammatory cells and monocyte migration and
activation.6 You  do not see that with the hyperemia
associated with bimatoprost, for example, which is more
of a vasodilatory response without the inflammation. So
for many patients, there is a significant difference. One is
more of a toxic inflammatory response, and the other is
more of a vaso-active response, the latter being the pre-
ferred of the two.

ARTIFICIAL TE AR S VER SUS GL AUCOM A
DROPS

Katz:  Dr. Noecker, you mentioned that some glauco-
ma products are high in BAK. Do you know what con-
centrations are in artificial tear preparations?

Noecker:  None of the mainstream, newer branded
artificial tears contains BAK. However, in the general
marketplace, many older preparations or generic formu-
lations do contain it. I do not know what percentage of
the market is generic artificial tears, so I cannot quanti-
tate it.

Katz:  Do you think the artificial tear manufacturers
are ahead of the curve, meaning that they are ramping
up to be nonpreserved or non-BAK preserved?

Noecker:  Yes, definitely. Dry eye and ocular surface
disease are complex multifactorial conditions. It is diffi-
cult to show differences in improvement with any of the
therapeutic interventions, much less assess patients’
complaints consistently. Frequently, with many ocular
surface disease patients, there is no correlation between
signs and symptoms. You may see a patient who has
severe rosacea, for example, but he is not the patient
who is complaining. Even dry eye researchers have had
problems reaching therapeutic endpoints.

Our next step is to tailor our glaucoma therapy strate-
gy around this. That is another step of complexity. This is
something we need to think about. But to show a cause
and effect is difficult at that level. ■

1. Thompson CD, MacDonald TL, Garst ME, et al. Mechanisms of adrenergic agonist
induced allergy bioactivation and antigen formation. Exp Eye Res. 1997;64:767-773.
2. Pisella PJ, Lala E, Parier V, et al. Effect of preservatives on the conjunctiva: a compara-
tive study of beta-blocker eye drops with and without preservatives in glaucoma patients. J
Fr Ophthalmol. 2003;26:675-679.
3. Moreno M, Villena A, Cabarga C, et al. Impression cytology of the conjunctival epithelium
after antiglaucomatous treatment with latanoprost. Eur J Ophthalmol. 2003;13:553-559.
4. Joffre C, Souchier M, Grégoire S, et al. Differences in meibomian fatty acid composition
in patients with meibomian gland dysfunction and aqueous-deficient dry eye. Br J
Ophthalmol. 2008;92:116-119.
5. Baudouin C, Pisella PJ, Fillacier K, et al. Ocular surface changes induced by topical
antiglaucoma drugs: human and animal studies. Ophthalmology. 1999;106:556-563.
6. Broadway DC, Grierson I, O’Brien C, Hitchings RA. Adverse effects of topical antiglau-
coma medication. II. The outcome of filtration surgery. Arch Ophthalmol. 1994;112:1446-
1454. Comment in: Arch Ophthalmol.1995;113:849-850.
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Katz:  When BAK was first developed, one of the plus-
es was that it caused some changes in the corneal epithe-
lium and perhaps allowed for better drug penetration
and improved drug bioavailability internally. That could
be potentially very important for glaucoma products.
What is your opinion of the current glaucoma products
that may not have BAK? Was efficacy decreased?

Noecker:  About 5 or 6 years ago, brimonidine with
Purite (Alphagan-P; Allergan, Inc., Irvine, CA) was intro-
duced. Some initial studies showed that changing the
preservative and some other components, and increasing
the pH may have enhanced penetration of the brimoni-
dine molecule into the anterior chamber. I think that is
evidence that BAK probably is not essential for efficacy.1

Similarly, there appears to be no difference in efficacy
between travoprost with BAK and travoprost with
Sofzia.2 Studies of preservative-free preparations in
Europe suggest no difference in efficacy.3 I think it really
depends on the molecule. Sometimes, changing the ocu-
lar surface is beneficial for some molecules, and other
times, it is probably less so.

For glaucoma medications, the preservative is largely a
neutral factor in terms of penetration and therapeutic
efficacy when we look at IOP lowering.

Samuelson:  The alpha-2 agonists illustrate some of
the points we have been discussing. In that class, we
started with apraclonidine, which had a profound pres-
sure-lowering effect at 2 hours. Then came brimonidine,
an agent that is much more alpha-2 selective. It mini-
mized a lot of the side effects, which was an obvious
improvement, but the 0.2% formulation caused signifi-
cant surface issues and allergy.

Then Purite was developed. The brimonidine concen-
tration was reduced to 0.15%, and later 0.1%, and
bioavailability improved with the formulation changes.
So with less drug and a BAK-free vehicle, we saw substan-
tial improvements.4

So that class and its evolution demonstrates what we
are talking about today: improved tolerability while
maintaining efficacy.

GENERIC CONCERNS
Alvarado:  Dr. Noecker, you commented that generic

drugs have not switched from BAK to some of the other
preservatives. Is that a concern in terms of efficacy of the
generic counterpart?

Noecker:  It is a potential source of variability, especial-
ly when you consider that generic preparations do not
have to go through clinical trials. They must merely show
bioequivalence in the labeling. But what looks good on
paper sometimes is not. If just one small component is
different, the effect may not be exactly the same. We see
that in generic brimonidine. We have become accus-
tomed to the good tolerability of the branded brimoni-
dine family. However, in my experience, if I must switch a
patient to the generic formulation for formulary reasons,
it is not as well tolerated.

Katz:  The regulation of generic products is different
from what is required of a branded product, specifically
the type and concentration of preservative that is used.
Does anyone recall the story about Voltaren and generic
diclofenac?

Samuelson:  I did not have a lot of direct experience

How Preservatives Affect
Efficacy and Tolerability
The panel considers the latest glaucoma formulations with non-BAK preservatives 

and discusses concerns with generic drops.
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with it, but most ophthalmologists know the story. The
generic diclofenac caused corneal issues, especially when
used chronically.5 Although we did not see that with
branded Voltaren, the product was taken off the market.

Katz:  That is amazing, though, because the alteration
was subtle. Even though it was the same active ingredi-
ent, there definitely was a difference between the brand-
ed product and the generic product.

Nothing that glaring has happened in the ophthalmic
market since then, but I know that generic brimonidine
has not been embraced. I think a lot of that has to do
with the perception of how it works and how patients
tolerate it, even though it is the same drug. Timolol, on
the other hand, has become generic very quickly.

Noecker:  The other lesson from the generic diclofenac
story is that for a number of years, a lot of people
stopped—or did not start—using topical NSAIDs
because they thought it was a class effect. It was simply a
formulation effect, which I think surprised many people.

EFFICACY,  SAFETY,  COMFORT
Katz:  When discussing glaucoma products—and we

have talked about the different preservatives and formu-
lations—what is the most important factor?

Noecker:  It is all about efficacy. When patients are
referred to me, the directive is, “Lower this patient’s
intraocular pressure,” either therapeutically or surgically.
That is our role. In an ideal world, where everything is sta-
ble, we can address secondary factors. If a patient is going
blind, what I most want to do is lower his IOP so his glau-
coma does not get worse.

Alvarado:  In my practice, I look at efficacy in terms of
how many times a day the medication is needed. After
that, I look for safety and comfort. So I usually choose a
once-a-day medication. Then I look at the effect. I want a
20% reduction in pressure. If I do not get that 20% or if
20% is not sufficient, then I look at the once-a-day med-
ications to see which one is most likely to achieve the tar-
get pressure.

Katz:  There is a law of the jungle with the glaucoma
products. We are always evaluating safety and tolerabili-
ty, but if a drug does not lower pressure a good amount,
then we do not use it. ■

1. Dong JQ, Babusis DM, Welty DF, et al. Effects of the preservative purite on the bioavail-
ability of brimonidine in the aqueous humor of rabbits. J Ocul Pharmacol Ther.
2004;20:285-292.
2. Lewis RA, Katz GJ, Weiss MJ, et al: Travoprost BAC-free Study Group. Travoprost
0.004% with and without benzalkonium chloride: a comparison of safety and efficacy. J
Glaucoma. 2007;16:98-103.
3. Bron A, Chiambaretta F, Pouliquen P, et al. Efficacy and safety of substituting a twice-
daily regimen of timolol with a single daily instillation of nonpreserved beta-blocker in
patients with chronic glaucoma or ocular hypertension. J Fr Ophthalmol. 2003;26:668-
674.
4. Katz LJ. Twelve-month evaluation of brimonidine-purite versus brimonidine in patients
with glaucoma or ocular hypertension. J. Glaucoma. 2002;11:119-126.
5. Flach AJ. Corneal melts associated with topically applied nonsteroidal anti-inflammatory
drugs. Trans Am Ophthalmol Soc. 2001;99:205–210; discussion 210-212.
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Katz:  Most of the excitement in glaucoma medica-
tions lately has been generated by reformulations of
existing products, such as brimonidine Purite
(Alphagan-P; Allergan, Inc., Irvine, CA) and travoprost
Sofzia (Travatan Z; Alcon Laboratories, Inc., Fort Worth,
TX).

Now, we have the FDA-approved fixed combination
brimonidine/timolol (Combigan; Allergan, Inc., Irvine,
CA). What do these combinations mean to you in your
practice?

SIMPLICITY WITH THE 
NEW “HE AV Y HIT TER S”

Noecker:  The hot topic today, and probably always, in
glaucoma therapy, is compliance. We all want to achieve
the most efficacy with the fewest number of drops.

I also think less drug is more. With the new combi-
nation therapies, we can reach our clinical endpoints
more quickly and efficiently than we would by trying
every class and perhaps adding one more drug this
year and another next year. A combination drug is a
different tool to help us achieve our therapeutic end-
points.

Samuelson:  I have always felt good prescribing a
prostaglandin drug, which I consider a heavy-hitter of
glaucoma medications. For patients who cannot use
prostaglandins, or for whom that is not enough, it is nice
to have another heavy-hitter, such as a combination
agent. With a combination, I know I will get a fairly pro-
found drop in pressure as compared to monotherapy.

Katz:  I think what we are suggesting is that we should
be more aggressive than we have been in the past, and
that we need to adhere to a tougher standard in terms of
goals and target pressures.

SHIF TING TRE ATMENT PAR ADIGM
Katz:  You all use the prostaglandins as first-line thera-

py in the majority of patients. How do you decide which
prostaglandin to use? Do you use all of them?

Noecker:  It is a judgment call. If my patient is an ocular
hypertensive, who has never taken an eye drop, and I
think he will not tolerate hyperemia, I might try
latanoprost first because, in my experience, it has the least
amount of short-term push-back in terms of initial hyper-
emia. If I have another patient who has advanced glauco-
ma and requires IOP reduction immediately, I usually go
with bimatoprost (Lumigan; Allergan, Inc., Irvine, CA). 
I will explain to the patient that he might have some
hyperemia in the short term, but it should resolve quickly.

The best scenario for travoprost with Sofzia is a patient
with an obviously compromised ocular surface—a post-
PK patient or someone with peripheral corneal neovas-
cularization or significant meibomian gland disease, for
example.

I tend to switch within a class at least once. If a patient
starts with latanoprost but did not achieve our goal, then
it is worthwhile to try bimatoprost.

Reformulations and 
Fixed Combinations:
A Look at the Future
With adherence to therapy an ongoing concern, learn how these glaucoma specialists 

customize treatment to reach the target endpoint more quickly.
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Alvarado:  I do exactly what Dr. Noecker just described.
I think it is easier to begin with latanoprost and then, if
you do not get the efficacy you want, switch to bimato-
prost. The patient has experienced the effect of the
prostaglandin analog, and he or she may be more accept-
ing of the hyperemia and some of the discomfort of
bimatoprost when it is used as a second agent.

I frequently see patients referred from the Proctor
Foundation, which sees mainly patients with inflamma-
tion (uveitis), so I do get a lot of secondary inflammatory
glaucomas. For many of those patients, I prescribe travo-
prost Z. Once I leave the prostaglandin class, my next
medication is dorzolamide/timolol (Cosopt; Merck &
Co., Inc., Whitehouse Station, NJ), once a day.

Samuelson:  I typically start with latanoprost and 
work my way up the tolerability spectrum as needed. 
I demand a good response—20% minimum. If I do not
get that, then I switch. I am a strong believer in switching
within a class, at least within the prostaglandin class.
Patients’ responses can differ, and there are enough dif-
ferences in how the prostaglandins are absorbed and
how they interact with the receptors, that I will switch
within this class.

Katz:  I know our preference is to keep patients on one
drop a day whenever possible to improve adherence to
medical therapy at its optimum. But let’s say you are not
getting the response you want. Dr. Alvarado said he will
switch to a fixed combination of dorzolamide/timolol as
the next step. We recognize that every patient is differ-
ent, but, as a general rule, what is your next step in
adjunctive therapy?

Samuelson:  I offer—or at least talk about—laser earli-
er than I used to.

Katz:  I agree that this is an appropriate time to offer
laser therapy. It eliminates any adherence issues or con-
cerns about side effects. But what is the drawback? Why
don’t you do that first line or second line for every
patient? 

L A SER THER APY—WHEN?
Samuelson:  I discuss laser as initial therapy with a

higher percentage of patients now than in the past. I

am fairly careful about how I word the discussion,
because I want the patient to make the decision with-
out too much direction from me. That said, patients
often are looking for a recommendation rather than a
list of choices.

I start with medicines, but there is a growing trend for
laser for various reasons, not the least of which is to elim-
inate concerns about compliance. I do not offer laser to
glaucoma suspects. If I have a suspect whose pressure is
high enough that I feel I should treat it to lower the risk, 
I almost always treat with medicines. If a patient has true
field loss, definable disc damage or nerve fiber layer dam-
age, then I will discuss the laser earlier.

Katz:  It sounds as if a fairly large population of pa-
tients in your practice do not have laser therapy first line
or second line, even though you talk to them about it.
Why does that not occur?

Samuelson:  Frankly, I do not like surgical procedures
that have 25% or even 20% failure rates. It is one thing to
switch a patient from a drop that did not work. It is
another thing to do an interventional procedure or laser
surgery and have it not work. Remember, too, that most
of the laser procedures we do are on patients who are
taking one, two or three drops. I think the efficacy falls
off if laser is the fourth thing you try.

Katz:  It is a complex interaction with the patient, par-
ticularly if patients have preconceived, and possibly in-
correct, notions about laser treatment. Another draw-
back has been that laser stops working, and you end up
talking about medical therapy again. What has been your
experience, Dr. Alvarado?

Alvarado:  I have been treating with the laser for 7 years,
and I cannot think of one patient I have harmed or made
worse by using it. So I always tell patients there is no long-
term, permanent negative effect. On the other hand, the
20% failure rate is an issue. It relates to the fact that we do
not yet have the proper protocols for treating patients
with the laser.

Katz:  Dr. Noecker, you have done a lot of work with
selective laser trabeculoplasty (SLT). How does that fit in?

Noecker:  I consider the laser one more tool we can
use to treat glaucoma. I put it at about the same level
of the treatment algorithm as medications. I am an
advocate of SLT, but it does not work for every
patient. Just like medications, SLT falls short in some
cases, so you must be prepared to use every option at
your disposal.
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Katz: I think laser trabeculoplasty is being done earlier
today, and it probably makes good sense because, as 
Dr. Samuelson mentioned, if you are using it after four or five
medications, it will not work particularly well. It also will not
eliminate the need for medicine for a lot of people. It might
decrease the medication load, but medical therapy still will
be required for most patients whether you use laser or not.

I will briefly mention filtration surgery. We know
there are serious interim and postoperative complica-
tions with it. The Collaborative Initial Glaucoma
Treatment Study (CIGTS) has shown that a patient who
is on fairly aggressive medical therapy and maintains a
target pressure seems to do just as well over a 5-year
period using medications as opposed to going straight
to surgery.1 So even though I am a glaucoma surgeon, 
I do not offer filtration surgery as as initial therapy to
99.99% of my patients, and the rest of the panelists
seem to agree.

Let’s move to the next step. We have talked about
prostaglandins and possibly laser therapy being intro-
duced. What is the next medical treatment you will con-
sider after prostaglandins?

ADJUNCTIVE MEDICAL THER APY
Noecker:  The traditional choices include a beta-block-

er, an alpha-2 agonist or a topical CAI. When used as
monotherapy, I would rank their efficacy in that order.2,3

In an adjunctive role, the differences in efficacy are not as
pronounced. Thus, the therapeutic decision may be
based more on safety or tolerability.

Historically, beta-blockers have not added significantly
to the effect of prostaglandin analogs, and a number of
studies have looked at this over time, both as separate
agents and in combination preparations.4–6 What’s more,
there are systemic safety issues, such as bradycardia or
bronchospasm, for some patients with beta-blockers that
we may want to avoid.

The efficacy of the alpha-2 agonist brimonidine in an
adjunctive role is fairly consistent, and the tolerability
with the new formulation with Purite tends to be very
good.7 So I tend to use brimonidine Purite most often in
my practice.

There is less tolerability on a marginal cornea with the
topical CAIs, and if you dose twice a day, there may be a
difference in peak and trough profiles just as with alpha
agonists.

We all develop our patterns and customize our first-
line and adjunctive therapies. We can talk about aver-
ages, but the average does not always help.

Katz:  We do tailor treatment according to a host of
factors—ocular, systemic, patient preference, your prefer-
ence. But in the typical patient, what do you use?

Noecker:  More often than not, I will use brimonidine
with Purite as the first added agent.

Samuelson:  I would request two categories. For a
patient with severe disease or poorly controlled pressure,
I will break with tradition and give a fixed combination
next to ramp up therapy fast.

If I have a patient who is showing subtle nerve fiber layer
changes or field changes, I want to tweak his therapy.
Sometimes, I will prescribe the once-a-day in the morning
beta-blocker and the once-a-day at night prostaglandin.
That combination is difficult to beat in terms of simplicity,
and there are patients who need simplicity. Just as often, I
might use brimonidine with Purite or a CAI.

Katz:  What is interesting is that you have departed from
the standard treatment paradigm. You and Dr. Alvarado
say you will use fixed combinations at least in some of your
patients.

Samuelson:  Dr Katz, do you sometimes break tradi-
tion and use the combination earlier?

Katz:  Yes, absolutely. The directive has always been to
use the least amount of medication to achieve the
desired therapeutic response. But the practicalities are
that you will lose the patient a little bit if you keep
changing his therapy. So I have cut to the chase more,
although not in every patient.

Let’s say a patient is doing very well. You can either
continue, or you might say, “You have done so well.
Maybe we can get by with less medication.” That is a
much more positive experience for the patient than say-
ing, “We need to add another medication because you
are still failing.”

Samuelson:  Dr. Alvarado, you mentioned dosing the
dorzolamide/timolol combination once a day. How
much better is that combination once-a-day than a
once-a-day beta-blocker alone, for example?

Alvarado:  I am convinced that the dorzolamide/
timolol combination is the second most powerful agent
we have available, second only to prostaglandins. I have
believed that for decades, and I re-examine that belief
every time I prescribe it. I have not found a great deal of
evidence to make me sway from that belief.

I have not used the brimonidine/timolol combination
yet. I plan to use a prostglandin first and then try one or
the other fixed combination to compare them. Brimoni-
dine is my third drug and CAIs are last.

The only difference in my approach to a patient who is
severely affected and one who is not so badly affected is
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that I move to surgery and/or laser very quickly. If there 
is any evidence of cataract, I do a combined procedure. 
I actually seek cataract to allow me to bring a patient to
the operating room.

Katz:  What is maximum medical therapy before you
move to surgery in the typical patient?

Alvarado:  Two bottles, three medications.

Noecker:  I would say bimatoprost, brimonidine/
timolol and probably brinzolamide.

Samuelson:  Four drugs, three bottles for me.

Katz:  For me, too. I agree with you all. According to
some of the older literature, adding a fourth medication is
not great in terms of long-term success.8 If a patient has
failed medical therapy and laser, you probably have lost the
ballgame after the three medications, and you can start the
laser and surgery discussion. I would likely move on to the
‘atomic blast’ approach that Dr. Alvarado described.

Samuelson:  The combined procedure has been my
favorite operation over the years, although I do fewer
now than I did 5 years ago. It is a chance to lower pres-
sure and improve vision. I think cataract extraction alone
is probably the single most commonly performed glauco-
ma procedure. I think it does lower pressure more than
we have realized.

Katz:  So if a patient is well controlled medically—or
even if his pressure is slightly elevated—and he has a
cataract, will you do just a cataract extraction?

Samuelson:  It depends on the severity of the disease.
If it were my eye and I had a visually significant cataract
and I was doing well on glaucoma drops, I would want
you to remove my cataract and deal with the pressure
later as needed. If I need to continue a well-tolerated
medicine postoperatively and it keeps the pressure low
enough, that would be perfectly fine.

FIXED COMBINATIONS:  LO OKING AHE AD
Katz:  We started talking about fixed combinations,

specifically the newest one—brimonidine/timolol—and
we have come full circle. Here are two drugs with known
efficacy and safety profiles, and now they are available
together in one bottle. From all the data that have been
presented at meetings and from early clinical experience
in the United States, safety and tolerability profiles have
improved.9 So repackaging existing drugs seems to have
made a powerful bottle of medication.

Samuelson:  I like the idea that the beta-blocker may
improve the tolerability of the fixed combination of bri-
monidine/timolol. But that needs to be clearly proven. I
have a hard time believing that my patients were not on
beta-blockers all those years when I was seeing brimoni-
dine allergy. But maybe packaging them together will
improve tolerability. The Canadian experience, based on
my conversations with colleagues practicing there, seems
to support that. I am hopeful that is the case because it
will be beneficial to have another heavy-hitter in glauco-
ma management.

Noecker:  One of the overriding themes of our discus-
sion today is: Things are not as simple as they appear to
be. When we think about formulations and our ability
to predict outcomes based on past experience, either on
the ocular surface or in terms of efficacy, we really do
not know until we take them into clinical practice
because of relatively subtle or previously assumed unim-
portant factors.

We get smarter over time as we get more therapeutic
experience, and it is nice to have all these options. We
can best treat our patients by minimizing what we ask
them to do, what we expose their ocular surface to, and
what we expose them to systemically. ■
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in the Collaborative Initial Glaucoma Treatment Study (CIGTS) Comparing Initial Treatment
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5. Hoy SM, Keam SJ, Keating GM. Travoprost/timolol. Drugs Aging. 2006;23:587-597; dis-
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1. Which of the following is considered a prodrug?
a. Alpha agonist
b. Carbonic anhydrase inhibitor (CAI)
c. Dipivefrin (Propine; Allergan, Inc., Irvine, CA)
d. Beta-blocker

2. Which of the following contains the least amount of
benzalkonium chloride (BAK), 0.005%?
a. Timolol (Timoptic; Merck & Co. Inc., Whitehouse, NJ
b. Bimatoprost (Lumigan; Allergan Inc., Irvine, CA)
c. Latanoprost (Xalatan; Pfizer, Inc., New York, NY)
d. Dorzolamide (Trusopt; Merck & Co. Inc., Whitehouse, NJ)

3. Which of the following is a stabilized oxychloride
compound that breaks down quickly when exposed to
sunlight?
a. BAK
b. Purite
c. Sofzia
d. Sorbic acid

4. A study by Alvarado and colleagues suggests that per-
haps one way to lessen the incidence of untoward
adrenergic agonist reactions might be to treat patients
concurrently with which of the following?
a. Alpha agonist
b. CAI
c. Prostaglandin analog
d. Beta-blocker

5. With regard to surface sensitivity, the active molecule
of which of the following is probably most responsible
for allergy?
a. Alpha agonist
b. CAI
c. Prostaglandin analog
d. Beta-blocker

6. In terms of mechanism of action, which of the follow-
ing can affect the endothelial cell pump function, possi-
bly leading to corneal edema?
a. Alpha agonist
b. CAI
c. Prostaglandin analog
d. Beta-blocker

7. Hyperemia associated with which of the following
seems to be due to the action of the drug on the vessels
and tends to be short term?
a. Alpha agonist
b. CAI
c. Prostaglandin analog
d. Beta-blocker

8. Initial studies of which of the following glaucoma
preparations showed that changing the preservative
and some other components, and increasing the pH
may have enhanced penetration of the molecule into
the anterior chamber?
a. Timolol 
b. Bimatoprost 
c. Latanoprost 
d. Brimonidine Purite

9. According to Robert J. Noecker, MD, MBA, which of
the following glaucoma drops is best suited to a
patient with an obviously compromised ocular sur-
face, such as a post-PK patient or someone with
peripheral corneal neovascularization or significant
meibomian gland disease?
a. Travoprost Sofzia (Travatan Z; 

Alcon Laboratories, Inc., Fort Worth, TX)
b. Latanoprost
c. Bimatoprost
d. Timolol

10. In the opinion of Thomas W. Samuelson, MD, which
of the following is probably the single most commonly
performed glaucoma procedure?
a. Selective laser trabeculoplasty
b. Filtration surgery
c. Cataract extraction
d. Laser iridotomy
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