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See INSIDE for:
Aqueous Humor Dynamics, Intraocular 
Pressure, and Glaucoma 
by W. Daniel Stamer, PhD

TARGET AUDIENCE This educational activity is intended 
for ophthalmologists and ophthalmologists in residency or 
fellowship training.

LEARNING OBJECTIVES Upon completion of this activity, 
participants will be able to:
1. Create a staged management plan for patients with 

glaucoma.
2. list steps to take in the event that target IOP is not 

maintained.
3. Describe structural and functional bases of aqueous 

humor formation and outfl ow. 
4. use aqueous humor pathophysiology to interpret ocular 

hypertension and the mechanisms of action of current 
pharmacological therapies for glaucoma.
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medical therapy for Intraocular 
Pressure Reduction
L. Jay Katz, MD

intraocular pressure reduction is the 
single most important therapeutic 
intervention in glaucoma. a 
stepwise approach to managing 
pressure—potentially including 
medical, laser, surgical, and lifestyle 
measures—should be tailored to 
the patient and based on the most 
current understanding of what is 
eff ective.

Th e importance of identifying glau-
coma early in its course and treating 
eff ectively cannot be overstated. Several 
large National eye Institute-sponsored 
multicenter clinical trials have demon-
strated the value of aggressively lower-
ing intraocular pressure (IOP); indeed, 
IOP lowering is the sole therapeutic 
intervention available to clinicians for 
maintaining glaucoma patients’ vision 
over an extended period of time.1,2 In 
my experience, a stepwise approach that 
moves patients as rapidly as necessary 
through staged increments of increasing 
medical therapy (starting with a single 

agent, then multi-drug regimens, if 
needed), laser trabeculoplasty, and on 
to glaucoma surgery, serves patients well 
and provides the greatest likelihood of 
preventing or minimizing progression. 

iDEnTiFyinG paTiEnTs
Identifying individuals who will 

benefit from anti-glaucoma thera-
py requires a high and consistently 
maintained index of suspicion from 
practitioners on the front line of care, 
typically primary care and compre-
hensive eyecare providers. Th e annual 
comprehensive eye examination is the 
perfect opportunity to discuss glaucoma 
risk with patients and look for signs of 
disease, most importantly, elevated IOP 
and an abnormal-appearing optic nerve 
or iridocorneal angle.

Patients with abnormalities should 
undergo structural (eg, quantitative 
analysis of the retinal nerve fiber 
layer by optical coherence tomography 
[OCT]) and functional (eg, visual fi eld) 
testing. Referral to a glaucoma specialist 
may be useful at any point in the workup 
or management. 

paTiEnT HisTory
Th orough history taking is essential 

for successful patient management and 
includes ocular history, family history 
(including glaucoma severity and visual 
outcome, where relevant), medical and 
surgical history, and medication history 
(including both ocular and systemic med-
ications as well as tolerability issues).3

Patients who have a first degree 
relative with proven primary open 
angle glaucoma (POAG) have between 
a 2- and 9-fold greater risk of develop-
ing the disease compared to individuals 
without an aff ected family member.4,5
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STATEMENT OF NEED
Glaucoma, a group of ocular diseases characterized by progres-
sive damage to the optic nerve, is the second leading cause of 
blindness worldwide, affecting a significant and growing portion 
of the US population.1,2

Much remains to be understood about the pathophysiology of 
glaucoma, but high intraocular pressure (IOP) has been identified 
as a key risk factor for progression. Medical and surgical therapies 
for the disease are primarily directed at reducing IOP.

Recent years have seen significant innovation in the treatment 
of glaucoma, including gentler and more effective topical 
drugs, less invasive surgical techniques, and new molecules 
and mechanisms of action. As pharmaceutical and surgical 
treatments for glaucoma rapidly advance—and as research 
continues to provide insights about the disease’s neurologic 
underpinnings—comprehensive ophthalmologists are chal-
lenged to remain up-to-date.

To give their glaucoma patients the full benefit of treatment 
advances, clinicians require clear, actionable insights from 
subspecialists and researchers. Topics in Glaucoma will present 
current research in the context of comprehensive care, providing 
non-specialists with clearly presented, evidence-based clinical 
judgments from experts in the field.
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Topics in Glaucoma — issue 2

Unfortunately, due in part to low public 
awareness of glaucoma, patients may be 
unaware of the presence of glaucoma in 
their families, or, if aware, may under-
estimate or downplay its importance. 

It is often estimated that half the 
glaucoma population is unaware of their 
condition, so clinicians need to use ev-
ery means at their disposal to screen for 
glaucoma suspects. This underscores the 
relevance of knowing about a possible 
genetic predilection for glaucoma when-
ever possible. Patients with a positive 
family history should receive appropri-
ate counseling and work up to identify 
or rule out additional risk factors and 
possible glaucomatous changes. 

Early DiaGnosis
One of the tragedies of glaucoma—

and a key point in the argument for ag-
gressive pre-symptomatic screening—is 

that patients who present with symp-
toms typically do so late in the course of 
disease. The hallmark symptom of glau-
coma is gradual asymmetric peripheral 
visual loss, which is difficult for patients 
to perceive since, with both eyes open, 
the better eye compensates for the more 
affected one. When patients do finally 
present, they may complain that the 
top or peripheral visual field of one eye 
appears smudged or gray or absent, and 
that they only noticed it after a sudden 
need to close the other eye. 

Some patients may be more forth-
coming about their experiences, if the 
doctor gives them the opportunity to 
do so. A study of patient-physician com-
munication in glaucoma clinics revealed 
that over 90% of the questions doctors 
asked their patients were closed-ended 
(eg, “can you see well at night?”) rather 
than open-ended (“tell me how you see 

at night”); and key pieces of information 
were frequently missed.6 Taking a mo-
ment to include open-ended questions 
invites the patient to reveal more of 
their history and can uncover poten-
tially useful clues to early disease. 

TarGET iop
Nearly all patients with POAG are 

prescribed medical therapy to lower IOP 
and reduce the risk for vision loss. A 
typical exception might be a very elderly 
patient with a short life expectancy and 
early stage asymptomatic and slowly 
progressing glaucoma who elects, after 
counseling, to forego treatment. The 
goal of therapy for patients with POAG, 
as stated by the American Academy of 
Ophthalmology consensus panel, is “to 
maintain the IOP in a range at which a 
patient is likely to remain stable or at 
which worsening of glaucoma will be 
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bination (alpha-agonist and carbonic 
anhydrase inhibitor). Dosing frequency 
is twice or three times daily depending 
on the drug.

lasEr TrabEculoplasTy
Laser trabeculoplasty is typically 

reserved for patients who, for what-
ever reason, have not been successful 
on medical therapy. But laser trabecu-
loplasty can be considered first-line 
therapy for patients who prefer not to 
take drugs or who have physical dis-
abilities, such as arthritis or dementia, 
that limit their ability to use topical 
medical therapy.

Several studies have looked at laser 
trabeculoplasty as first-line therapy 
for the management of glaucoma. The 
Glaucoma Laser Trial, a large prospec-

slow enough that the risk of additional 
intervention is not justified.”3

Target pressure is individualized for 
each patient based upon baseline IOP, 
severity of optic nerve damage/vision 
loss, and the status of the fellow eye. 
For patients with a family history of 
glaucoma, disease severity and rate of 
progression in affected family members 
should also be a factor in selecting target 
pressure. 

Drug efficacy is a principal consid-
eration in starting medical glaucoma 
treatment. Reducing pretreatment 
IOP by 25% has been shown to slow 
the progression of glaucoma; IOP re-
duction in the 20% to 30% range is, 
therefore, a reasonable goal for initial 
topical therapy.1,2,7,8 Medications should 
also be safe, well-tolerated, easy to use, 
affordable, and require less frequent 
dosing for optimal patient experience 
and compliance. Physicians and patients 
should together design a drug regimen 
that will best achieve desired goals and 
be tolerable and maintainable by the 
patient.

oncE-Daily mEDicaTions
Prostaglandin analogs (PGAs) are 

often selected as first-line therapy 
based on their excellent efficacy—typi-
cally 25% to 33% reduction of IOP from 
baseline—and availability as a once 
daily formulation. These agents reduce 
IOP primarily by improving aqueous 
outflow via the uveoscleral tract. Po-
tential side effects include darkening 
of iris color and conjunctival redness, 
which may be enough reason for some 
patients to elect to start with a different 
drug class. 

Beta adrenergic antagonists (beta-
blockers) are alternative first-line 
agents, as they lower pressure by 20% 
to 25% and may also be effective with 
once daily dosing. They work by lower-
ing aqueous production. Beta blockers 
can trigger unwanted pulmonary and 
cardiac effects, and are contraindicated 
in patients with asthma, bradycardia, 
and heart block greater than first 
degree.3 It is important to check the 
patient’s pulse for irregular rhythm or 
bradycardia before prescribing a topical 
beta-blocker.

alTErnaTivE FirsT-linE aGEnTs
In select patients for whom neither 

a PGA nor a beta-blocker is indicated, 
an alpha-agonist or carbonic anhydrase 
inhibitor may be used as initial therapy. 
Both have good efficacy (15% to 25% 
IOP reduction) but require dosing two 
to three times a day. Alpha agonists have 
been associated with toxic blepharo-
conjunctivits, fatigue, lethargy, and 
hypotension in some patients; side 
effects of topical carbonic anhydrase 
inhibitors include metallic taste, allergic 
conjunctivitis, and corneal edema.3

Pilocarpine, a parasympathomimet-
ic, was at one point widely used to lower 
IOP but has fallen out of favor because 
it requires four times a day dosing and 
has been associated with cataract devel-
opment and dimming vision. However, 
pilocarpine or another parasympatho-
mimetic may be appropriate for an 
occasional pseudophakic patient who 
is not a candidate for or is intolerant 
to more commonly prescribed agents.

combinaTion mEDicaTions
Roughly half of glaucoma patients 

require more than one topical antihy-
pertensive agent to achieve target IOP. 
When choosing a combination regimen, 
the prospect of greater IOP reduction 
must be balanced with the potential for 
increased side effects, costs, and incon-
venience to the patient. While cost and 
convenience may seem like minor issues 
compared to blindness from glaucoma, 
it’s worth remembering that if patients 
stop using their medication for any 
reason, the efficacy of the prescribed 
drug(s) becomes a moot point. Good 
communication with patients is key to 
uncovering resolvable tolerability and 
access issues. Fixed combination oph-
thalmic formulations help reduce the 
burden of multiple bottles and doses 
for patients who need more than one 
medication. 

At present, three fixed combination 
topical anti-glaucoma medications are 
available in the US: timolol and brimo-
nidine (a beta-blocker and alpha-agonist 
combination); timolol and dorzolamide 
(beta-blocker and carbonic anhydrase 
inhibitor); and, the newest addition, 
brimonidine and brinzolamide com-

CORe CONCePTS 
●	 a high index of suspicion is 

important in screening for 
glaucoma, as patients may not be 
aware of symptoms until late in 
the disease process.

●	 Good patient communication is 
central to uncovering glaucoma 
risk and early glaucoma.

●	 For patients without 
contraindications or objections, 
starting medical therapy with a 
once daily agent, typically a pGa, 
is appropriate. beta-blockers may 
be an alternative.

●	 alpha-agonists and carbonic 
anhydrase inhibitors are 
acceptable first-line agents for 
some patients but require more 
frequent dosing. although 
it requires frequent dosing, 
pilocarpine may be used in 
patients not at risk for cataracts 
who are unable to use more 
commonly prescribed agents.

●	 combination drops lighten 
the compliance burden for 
patients who require multiple 
medications for iop control.

●	 laser trabeculoplasty may be 
used as a first-line treatment in 
select patients.
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tive randomized study conducted in the 
1980s and 1990s showed that initial 
therapy with argon laser trabeculoplasty 
was at least as effective at preserving 
visual field and optic disc health, and 
more effective in reducing IOP, than 
timolol among previously untreated 
POAG patients.9,10  Studies have shown 
that selective laser trabeculoplasty with 
a SLT laser was comparable to medi-
cal therapy as first-line treatment for 
reducing IOP.11 

liFEsTylE aDjuncTs
Many patients are enthusiastic 

about incorporating lifestyle changes 
in their treatment plans as adjuncts in 
lowering IOP. When we look at the re-
search to date, healthy diet and dynamic 
exercise are worth recommending, and, 
along with medication compliance, can 
empower patients to play an active role 
in their well-being. In the 1990s, Passo 
and coworkers showed in a prospective 
trial that previously sedentary patients 
who began exercise regularly experi-
enced significant drops in their IOP.12  

Follow-up
The length of the follow-up inter-

val between visits to assess glaucoma 
status, including optic nerve and visual 
field assessments, depends upon several 
variables: whether target IOP has been 
achieved, duration of IOP stability, and 
progression of disease.3 Therapeutic 
intensity and stage of disease might 

also be factored in. For example, a pa-
tient with early disease who has been 
stable on a single agent for at least 6 
months may need to be seen every 6 
months. On the opposite end of the 
spectrum, a monocular patient who re-
quires multiple medications and barely 
achieves target pressure requires more 
frequent follow-up—perhaps every 2 
to 3 months.

conclusion
An increasing range of options is 

available for the medical management 
of glaucoma. Being methodical but ef-
ficient in one’s approach and staying 
attuned to compliance issues can help 
patients achieve their goals and main-
tain vision.

L. Jay Katz, MD, is director of the Glaucoma Service 
at Wills Eye Institute, Philadelphia, Pennsylvania. 
Dr. Katz has received grant and research support 
from Allergan, Aerie Pharmaceuticals, Bausch 
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Aqueous Humor Dynamics, Intraocular 
Pressure, and Glaucoma
W. Daniel Stamer, PhD

intraocular pressure, the only 
modifiable risk factor for glaucoma, 
is a direct reflection of the dynamics 
of aqueous humor circulation. 
altered aqueous humor dynamics 
not only underlie the pathogenesis 
of ocular hypertension and 

progression in glaucoma, but also 
hold the key to developing new 
iop-lowering therapies.

Glaucoma is a group of progressive 
optic neuropathies that share a distinct 
pattern of permanent vision loss result-
ing from degeneration of optic nerve 
axons and the death of retinal ganglion 

cells. For most forms of glaucoma, intra-
ocular pressure (IOP) is an important 
risk factor and a major contributor to 
disease progression.1-3 

The risk of developing glaucoma-
tous optic nerve damage increases 
exponentially with increasing IOP. 
Compared to an eye with an IOP ≤ 15 
mm Hg, the risk of glaucomatous dam-
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age is 13-fold greater for an eye with 
an IOP of 22 to 29 mm Hg and 40-fold 
greater for an IOP above 30 mm Hg.4 
Large clinical studies have consistently 
shown that lowering IOP decreases or 
halts glaucoma progression, even in 
patients whose pressures are within 
the “normal” range at baseline.3,5 Today 
and for the foreseeable future, reduc-
tion of IOP remains the foundation of 
glaucoma therapy. 

Because IOP plays a central role 
in the pathogenesis of glaucoma, an 
understanding of its regulation and 
the underlying aqueous humor dynam-
ics—inflow and outflow of aqueous 
humor—is essential for evaluation and 
management of this vision-threatening 
disease (Figure 1). If one measures IOP 
across a large population, the average 
IOP will be about 15 mm Hg. In most 
individuals, IOP will vary within a nar-
row dynamic range (usually <2 mmHg) 
over a lifetime. 

In the general population, IOP has a 
non-Gaussian distribution, with a skew 
toward higher pressures.6 It is thought 
that this is because the mechanisms 
that regulate IOP are biased towards 
prevention of hypotony—the eye re-
quires pressure to stay inflated and keep 
its optical components in position.7 

 
aquEous Humor FormaTion

Aqueous humor is actively secreted 
by the epithelium of the ciliary pro-
cesses. This epithelium consists of two 
cell layers: a non-pigmented layer that 
is in contact with the aqueous humor in 
the posterior chamber and a pigmented 
layer that is in contact with the cili-
ary stroma. With their apical surfaces 
juxtaposed, the pigmented and non-
pigmented epithelial cells work together 
to move solutes, predominantly sodium 
chloride and sodium bicarbonate, from 
the stroma of the ciliary body into the 
posterior chamber. This active transport 
of solutes creates a local osmotic gradi-
ent across the ciliary epithelium, and 
this drives water into the eye.

Regulation of aqueous production 
is complicated and impacted by a va-
riety of factors. Subject to a circadian 
rhythm, aqueous humor flow in humans 
peaks during the day and falls by half at 

night.8 And aging is accompanied by a 
steady decline in aqueous production.9 
A variety of hormones and neuropep-
tides modulate the secretion of aqueous 
humor, but their mechanisms of action, 
while not entirely known, act to impact 
transporters and ion channels in the 
epithelial bilayer. 

For example, several classes of anti-
hypertensive agents produce their effect 
by limiting ion movement. The carbonic 
anhydrase inhibitors suppress aqueous 
humor formation by inhibiting carbonic 
anhydrase, a critical enzyme involved 
in the movement of solutes, such as 
sodium bicarbonate, in the pigmented 
ciliary epithelium. Beta-blockers (beta-
adrenergic receptor antagonists) and 
alpha-2 receptor agonists act through 
different adrenergic receptors to reduce 
production of cyclic adenosine mono-
phosphate (cAMP), which is known to 
modify channel and transporter activ-
ity, increasing aqueous secretion.

aquEous Humor ouTFlow
Aqueous fluid leaves the eye via two 

outflow routes that begin at the irido-
corneal angle. The conventional or “tra-
becular meshwork” pathway, composed 
of the trabecular meshwork, Schlemm’s 
canal, collector channels and episcleral 
veins, is the primary route and accounts 
for 70% to 90% of aqueous outflow in 
humans. The remaining 10% to 30% of 
aqueous drainage occurs through the 
uveoscleral pathway, which consists of 
the uveal meshwork, the anterior face 
of the ciliary muscle, and the spaces 
between the longitudinal muscle fibers, 
which empty into the supraciliary and 
suprachoroidal spaces. In human eyes, 
an age-related reduction occurs in both 
trabecular meshwork and uveoscleral 
flow, most likely due to age-related 
changes, such as presbyopia, decreased 
cellularity, and increased extracellular 
deposition that produces physical block-
age of the conventional tract.10 

IOP increases associated with most 
forms of glaucoma are the result of 
impaired aqueous outflow rather than 
overabundant aqueous formation. The 
cause of this outflow impairment var-
ies depending on the type of glaucoma. 
For most forms of congenital glaucoma, 

developmental defects in the outflow 
pathway are the problem; in the case of 
pigmentary or pseudoexfoliative glau-
coma, it is a clogged trabecular mesh-
work. In primary open-angle glaucoma 
(POAG), the most common form of the 
disease, no discernible morphologi-
cal abnormalities in the conventional 
tract are visible, suggesting defects at 
the molecular level are responsible for 
elevated IOP. 

CORe CONCePTS 
●	 secreted into the posterior 

chamber, aqueous humor flows 
through the pupil into the 
anterior chamber before exiting 
the eye through the trabecular 
meshwork and uveoscleral 
pathways. 

●	 iop is maintained by resistance 
to aqueous humor outflow.

●	 aqueous humor outflow 
resistance resides predominantly 
within the juxtacanalicular 
region of the trabecular 
meshwork and the inner wall of 
schlemm’s canal. Extracellular 
matrix of the juxtacanalicular 
tissue plays a key role in 
regulating the resistance to 
aqueous outflow.

●	 a robust homeostatic mechanism 
constantly adjusts aqueous 
outflow resistance in response to 
pressure changes, maintaining 
iop within a relatively narrow 
range.

●	 Glaucoma is fundamentally 
a disease in which the iop 
homeostatic mechanism 
fails. iop elevation in poaG is 
attributable to increased outflow 
resistance due to cellular and 
molecular abnormalities of the 
conventional outflow pathway. 

●	 current pharmacologic therapies 
for glaucoma use two strategies 
to lower iop: inhibit aqueous 
humor production or enhance 
uveoscleral outflow. new drugs 
with additional mechanisms of 
action are in development.
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Prostaglandin analogs, a relatively 
new class of glaucoma agents, lower 
IOP by increasing aqueous outflow, es-
pecially outflow through the uveoscleral 
pathway. Multiple mechanisms contrib-
ute to their IOP-lowering effect, the 
dominant one appears to be stimulation 
of metalloproteinases and degradation 
of extracellular matrix within the ciliary 
muscle and trabecular meshwork.11  

ouTFlow rEsisTancE anD iop 
IOP is determined primarily by 

resistance to aqueous humor outflow, 
the bulk of which is localized to the con-
ventional pathway, and more specifically 
to the juxtacanalicular portion of the 
trabecular meshwork and the inner wall 
of Schlemm’s canal.7,12 The pressure gra-
dient force resulting from the difference 
between IOP and the episcleral venous 
pressure drives drainage of the aqueous 
through the conventional route. Vary-
ing outflow resistance or facility (the 
reciprocal of resistance) has substantial 
effects on IOP. When resistance in-
creases, facility decreases and IOP rises. 
The uveoscleral pathway, in contrast, is 
less pressure-dependent—normal IOP 
variations have little effect on aqueous 
outflow through this route. 

The precise source of trabecular 
outflow resistance, however, has not 
been identified. None of the tissues 
in the vicinity of the juxtacanalicular 
region—the trabecular meshwork cells 
and their extracellular matrix or the 
inner wall of Schlemm’s canal—is able 
to account by itself for the measured 
total resistance. It has recently been 
proposed, based on evidence from phar-
macologic studies, that the trabecular 
meshwork and Schlemm’s canal cells 
interact synergistically to generate re-
sistance through a hydrodynamic effect 
known as “funneling.”13 

In principal, the trabecular mesh-
work functions as a filter, while the 
juxtacanalicular region (including the 
inner wall of Schlemm’s canal) acts like a 
resistor. except for pressure-dependent 
pore sites, the inner wall of the canal, a 
continuous endothelial cellular layer, 
is relatively impermeable. The aqueous 
humor filtered through the juxtacana-
licular connective tissue must converge 

or “funnel” to pass through the pores 
of the inner wall, a mechanism that 
increases hydraulic resistance in the jux-
tacanalicular tissue. For this funneling 
effect to occur, 
trabecular mesh-
work cells and the 
inner wall must 
be coupled physi-
cally and hydro-
dynamically.

Tra b e c u l a r 
outf low resis-
tance is regu-
lated by a large 
and still-grow-
ing number of 
autocr ine and 
paracrine media-
tors.7 These en-
dogenous, local 
mediators affect 
the conventional 
pathway resis-
tance to a varying 
degree, in either 
direct ion ( in-
crease or decrease). They fall into several 
major categories, including bioactive 
lipids (eg, lysophospholipids, prosta-
glandins, cannabinoids), cytokines (eg, 
TGF-beta, bone morphogenetic protein, 
Wnt, IL-1, TNFα), nucleotides (ATP/
adenosine), and gases (nitric oxide).  

paTHoloGical rEsisTancE in 
Glaucoma

The juxtacanalicular region is not 
only where most outflow resistance 
occurs in the normal eye but also the 
site of extra resistance that results in 
impaired aqueous humor outflow and 
elevated pressure in glaucoma.12 

Thus far, no clear consensus exists 
on the pathological basis for the extra 
resistance in POAG. One of the early 
discoveries was that there were fewer 
cells in the trabecular meshwork in 
POAG eyes.14 Recent research findings 
suggest that the extracellular matrix 
plays a key role in the regulation of 
aqueous outflow, and changes in the 
quality and quantity of the extracellular 
matrix in the juxtacanalicular region of 
the trabecular meshwork are respon-
sible for increased outflow resistance in 

glaucoma.15 Indeed, the juxtacanalicular 
tissue appears to be more fibrotic, and 
TM and SC cells stiffer, in glaucoma 
patients, most likely the result of patho-

logical changes in the interaction been 
cytoskeleton and extracellular matrix. 
This makes intuitive sense—a stiffer 
tissue should, in all likelihood, be more 
resistive to fluid flow.

iop HomEosTasis: THE concEpT 
 Various factors, including time 

of day, activity level, and fluid intake, 
can affect IOP. Yet, ocular pressure is 
maintained within a rather narrow 
range over a lifetime in the majority of 
the population. This rigorous control of 
IOP suggests that robust homeostatic 
mechanisms are at work in a healthy eye 
to keep IOP within suitable, physiologi-
cal ranges.16 Researchers have shown 
that the trabecular meshwork and/or 
Schlemm’s canal inner wall cells can 
sense IOP imbalances and restore IOP 
to acceptable levels by adjusting the 
aqueous humor outflow resistance.16 
Key molecular aspects of this IOP ho-
meostatic process still await elucidation, 
however a couple of critical signaling 
molecules, adenosine and nitric oxide, 
appear important.

Presumably, sustained IOP eleva-
tions cause mechanical stretch or dis-

FiGuRe 1 aqueous humor from production through outflow. (Image 

courtesy of National Eye Institute, National Institutes of Health.)
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of glaucoma may have different etiolo-
gies. One ultimate goal for development 
of conventional outflow drugs is to spe-
cifically target the pathologies associ-
ated with each type of glaucoma. Agents 
that treat pigment dispersion syndrome 
or pseudoexfoliation glaucoma, for 
example, should act by mechanisms dif-
ferent from the mechanisms employed 
by agents to treat steroid-induced glau-
coma or POAG. Given multiple types of 
conventional outflow drugs in develop-
ment, it may eventually be possible for 
clinicians to personalize treatment for 
a particular patient, depending on what 
kind of glaucoma the patient has. 

Ideally, future drugs will be available 
in sustained delivery dosage forms, such 
as an implant or a patch. By eliminat-
ing the need to take daily drops, more 
patients could benefit from better pres-
sure control.     

One component that contributes 
to outflow resistance but has largely 
been ignored in glaucoma research and 

drug development is distal resistance, 
the smaller portion of outflow resis-
tance (about 25%) that occurs beyond 
Schlemm’s canal, in the episcleral ve-
nous plexus. episcleral venous pressure 
contributes to IOP and is theoretically 
the lowest attainable IOP from thera-
pies targeting the trabecular meshwork. 
We have limited understanding about 
this distal-most part of the trabecular 
outflow system, but potentially it can be 
targeted to lower IOP and may prove to 
have a role in glaucoma therapy.
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tortion of the cells and extracellular 
matrix, which in turn respond by ini-
tiating a complex extracellular matrix 
turnover process and/or relaxation of 
cells. Ultimately, restoration of extracel-
lular matrix components and cellular 
tone leads to modification of outflow 
resistance and, accordingly, corrective 
adjustment of IOP. 

In glaucoma, compromise to or 
loss of IOP homeostatic capability may 
occur due to inadequate IOP sensing 
or ineffective resistance adjustment. 
Consequently, IOP becomes abnormally 
high, triggering glaucomatous neuronal 
damage. This theory may explain why 
glaucoma is most typically a disease 
of older people—the IOP homeostatic 
capacity, like other self-stabilizing sys-
tems in the human body, deteriorates 
with age.  

 
implicaTions For Glaucoma 
THErapEuTics

Although many of the pathologies 
responsible for elevated pressures as-
sociated with glaucoma are located in 
the pressure-sensitive, trabecular mesh-
work outflow pathway, no currently ap-
proved pharmacological therapy targets 
this part of the system. This might be 
one important reason why many glau-
coma patients cannot achieve sufficient 
IOP reduction with current drugs. In 
the past decade, drug development 
has been focused on the conventional 
outflow pathway and is making substan-
tial progress: several classes of drugs 
that directly affect the conventional 
pathway are now being evaluated in 
clinical trials.17 Rho-kinase inhibitors 
target the trabecular meshwork cells to 
enhance aqueous outflow. By reducing 
the contractile tone of cytoskeleton, 
they reduce stiffness of the tissue and 
thus outflow resistance. Nitric oxide 
donors also relax tissue through the 
cytoskeletal systems. Adenosine recep-
tor agonists potentially work through 
multiple mechanisms, but their main 
effect is increased degradation of the 
extracellular matrix.

As previously noted, different types 
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 1. Which of the following 
lowers IOP by decreasing 
aqueous humor formation? 
 A. beta-adrenergic receptor 

antagonists
 B. alpha-2 receptor agonists
 C. Carbonic anhydrase 

inhibitors
 D. All of the above

 2. Which class of IOP-lowering 
drugs is contraindicated in 
patients with 2nd degree 
heart block?
 A. Alpha adrenergic 

receptor agonists
 B. Beta-blockers
 C. PGAs
 D. Carbonic anhydrase 

inhibitors  

 3. Having a high index of 
suspicion for POAG is 
important because:
 A. The disease can produce 

significant eye pain
 B. The disease is an early 

indicator of serious 
systemic illness

 C. early symptoms are hard 
to detect

 D. All of the above
  

 4. Which of the following 
statements about the 
conventional aqueous 
outflow pathway is FALSe?
 A. It is the primary route 

for drainage of aqueous 
humor

 B. It is the primary site 
where pathologies 
responsible for elevated 
IOP in glaucoma occur

 C. It is the primary target of 
current pharmacological 
therapies for glaucoma

 D. It is IOP dependent

 5. In humans, the majority of 
the resistance to the aqueous 
humor outflow is localized 
to:
 A. Juxtacanalicular tissue
 B. Uveoscleral tract
 C. episcleral veins
 D. Uveal meshwork

 6. Approximately what 
proportion of glaucoma 
patients need more than one 
medication to achieve target 
IOP?
 A. 50%
 B. 15%
 C. 5%
 D. 0.5%

 7. Which of the following is 
NOT an effective first-line 
intervention for patients 
with POAG?
 A. Topical PGA
 B. Systemic beta-blocker
 C. Selective laser 

trabeculoplasty
 D. Argon laser 

trabeculoplasty

 8. Prostaglandin analogs lower 
IOP mainly by: 
 A. Inhibiting aqueous 

humor secretion
 B. Increasing trabecular 

meshwork outflow
 C. enhancing uveoscleral 

outflow
 D. Reducing episcleral 

venous pressure

 9. How much does an 
individual’s risk of 
developing POAG increase 
if the individual has a first 
degree relative with POAG?
 A. Approximately 5%
 B. Approximately 1% per 

year after age 50
 C. None, the risk is virtually 

unchanged
 D. Somewhere between 

2-fold and 9-fold

 10. Which of the following 
statements about aqueous 
humor formation is FALSe?
 A. It occurs at the ciliary 

processes
 B. It fluctuates diurnally
 C. It decreases with age
 D. It increases in glaucoma 

patients 


